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ABSTRACT 

The Pacific margin of South America was predominantly a subduction margin 

throughout the Mesozoic and Cenozoic. In the mid-Cretaceous, the continental margin arc 

from southernmost South America to southern Peru changed from a near sea-level, 

"neutral" arc to a subaerial, compressive arc. Only minor terrane accretion occurred in the 

central and southern Andes during this subduction episode (Darwinia and Canta terranes), 

but there was extensive Cretaceous-Tertiary accretion of oceanic terranes in the northern 

Andes (Villa de Cura, Cordillera de la Costa, Amaime, Cauca-Macuchi, Piii6n, and Baud6 

terranes). These oceanic additions to the continent were primarily by an oblique 

subduction/strike-slip process. The development of an uplifted continental margin arc in 

the Eocene, shedding coarse sediments to the east, followed the accretion of the 

Cretaceous oceanic terranes in the northern Andes. 

The Paleozoic tectonic evolution of the Andean margin, in contrast to the 

Mesozoic-Cenozoic subduction-dominated evolution, shows a tectonically varied margin 

in space and time. In the central to southern Andes, lower Paleozoic continental margin 

terranes (Puna and Precordillera terranes) accreted against a margin that displays lower 

Paleozoic magmatic arc, as well as rift assemblages. Outboard of these terranes are 

continental terranes (Arequipa and Chilenia terranes) characterized by Precambrian or 

lower Paleozoic basement that were in place by the Carboniferous. In the late Paleozoic, 

subduction complexes (Chiloe and Magallanes terranes) were accreted during development 

of the late Carboniferous continental margin arc in the southern Andes. In the northern 

Andes, terranes of continental character were also emplaced (Zamora, Eastern Cordillera 

and Merida terranes) inboard of the younger oceanic terranes, but their final accretion was 

a result of the late Paleozoic collision of Gondwana and Laurentia. 
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Late Ordovician and Devonian-Early Carboniferous orogenies affected substantial 

parts of the Andean margin. A magmatic arc developed along the southern Andes 

following these orogenies, and it continued into the Mesozoic-Cenozoic without major 

interruption. A Mesozoic-Cenozoic arc eventually extended the length of western South 

America, with the subduction process producing the present Andean Cordillera, primarily 

as a result of Neogene orogeny. 
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CHAPTER 1 INTRODUCTION 

The Andean Cordillera, as expressed topographically and geologically, has been 

created mainly in the Mesozoic-Cenozoic eras by the continuing subduction of oceanic 

crust beneath the Pacific margin of the South American continent and the stress coupling 

of that crust with the South American continent. It is separated, at the surface, from the 

exposed Precambrian Guyana and Amazon cratons by a well-developed foreland basin 

filled with great thicknesses of dominantly Neogene sediments. Even though thousands 

of kilometers of oceanic crust have been subducted throughout the Mesozoic-Cenozoic 

(Cole, 1990; Pardo-Casas and Molnar, 1987; Pilger, 1983; Pilger, 1984), the central and 

southern Andes contain little accreted crust (Jordan and Gardeweg P., 1989). The 

northern Andes display an entirely distinct tectonic style, where several Cretaceous

Cenozoic terranes of oceanic origin have been accreted during the Cretaceous-Cenozoic 

subduction regime (Case et al., 1984; Megard, 1987a). The Mesozoic-Cenozoic tectonics 

of all the Andes is superimposed on the pre-existing Paleozoic and Precambrian margin of 

South America, which experienced a complex history of tectonic episodes and changing 

tectonic regimes in the Paleozoic (Herve et al., 1987; Irving, 1975; Megard, 1978; 

Ramos, 1988b). Several terranes, generally characterized by continental and continental 

margin assemblages, were accreted during the tectonic episodes of the Paleozoic. Their 

exact paleotectonic setting and paleogeography with respect to South American basement 

is uncertain, especially due to the extensive cover of Mesozoic-Cenozoic continental arc 

assemblages. 

For this synthesis, I applied the techniques and concepts of terrane analysis to the 

Phanerozoic tectonics (post-Brasiliano) of the Pacific margin of South America (Coney, 

1989; Coney et al., 1980; Howell et al., 1982; Jones et al., 1983a). This analysis was, in 

essence, a comparison of the geologic and tectonic histories of adjacent areas that are 
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separated by known or inferred major faults. The primary result of this analysis is a 

tectonic assemblage and terrane map of the Andean Cordillera (Figure 1). The objective 

was a consistent continent-scale view of important tectonic assemblages and terranes. 

This view is then applied to paleogeographic interpretations and plate motion correlations, 

as well as a refined regional view of the tectonic history of Andean South America. 

I compiled detailed tectonic assemblage maps for each Andean country based on 

their geologic maps (1975; Arango CaIad et al., 1976; Baldock and Longo, 1982; Bellizzia 

G. et al., 1976; Escobar T., 1980; GonzaIez I. et at, 1988; Pareja L. et al., 1978; Servicio 

Geol6gico Nacional, 1982) and time-stratigraphic columns for many areas in each Andean 

country based on all available detailed mapping and literature. I used primary data as 

much as possible in the compilation, although I have of course considered and 

incorporated other terrane interpretations of certain areas of the Andes (see below). 

Reconnaissance field trips in Chile, Argentina, Bolivia and discussions with geologists 

that have worked or are working in other parts of the Andes assisted greatly in my 

understanding of often highly interpretive papers. The Andean tectonic assemblage and 

terrane map, and generalized stratigraphic columns are simplified and generalized from the 

detailed compilations, to an appropriate level for the scale of the Andean map. 

Tectonostratigraphic terrane analysis method and terminology 

The publications of Coney and others (Coney et al., 1980), Jones and others 

(Jones et al., 1983b), and Coney (Coney, 1989) define tectonostratigraphic terranes 

(shortened to terranes in this thesis) and explain the terminology and methods of terrane 

analysis. I explicitly define a few terms and usages here that are specifically important to 

this synthesis. 
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Figure 1. Map of the major suspect terranes in the Andean region. Several small terranes 

in the Caribbean region are not shown at this scale. Terrane boundaries shown 

by solid black lines, approximate limit of Andean defonnation shown by gray 

line to west and eastern limit of exposed shield by gray line to east See text for 

details. 
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A tectonic assemblage, the basic map unit, is a package of rocks that was fonned 

in a particular tectonic setting (Coney, 1989; Howell et al., 1982). Sedimentary and 

volcanic assemblages are often unconformity bounded, but they may also grade laterally or 

vertically into other assemblages. For example, a thick sedimentary section (indicating 

subsidence) may grade laterally into a thin platfonn section, and these units would be 

distinct tectonic assemblages. Tectonic assemblages may also consist of intrusive igneous 

or metamorphic rocks. For example, a suite of calc-alkaline plutons of some age, 

indicative of fonnation above a subduction zone, is a tectonic assemblage. A group of 

rocks regionally metamorphosed in a particular tectonic episode is a tectonic assemblage, 

as the original depositional and intrusive relations may not be recognized. Contacts 

between tectonic assemblages may be unconformities, facies changes, intrusive borders, 

faults, or a metamorphic isograd. Tectonic assemblages have a specific tectonic 

significance, but their specific tectonic setting is not necessarily known. Terranes are 

composed of one or more tectonic assemblages. 

Tectonostratigraphic terranes are fault-bounded regions that have a distinct 

geologic and tectonic history, as shown by the rock sequence within, from adjacent 

terranes or cratonic interiors (Coney, 1989; Coney et al., 1980; Jones et al., 1983b). Each 

Andean terrane was accreted to the South American continent (or Pangea/Gondwana 

before South America existed) at a particular time. Overlap assemblages, another class of 

tectonic assemblages, constrain the time of accretion of each terrane (Coney, 1989; Howell 

et al., 1982). Sedimentary or volcanic assemblages that overlie a terrane boundary, or 

plutons that intrude a terrane boundary demonstrate that a terrane was accreted before 

deposition or intrusion of these overlap assemblages. Ideally, a sedimentary or volcanic 

overlap assemblage physically overlies a terrane boundary, however. in practice an 

overlap assemblage is often found depositionally on a terrane and the adjacent continent 

and these separate exposures may be judged correlative based on similar rock type. age, 

--------- ------ -----~ ----- ---
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and sequence. Likewise, an intrusive overlap assemblage ideally intrudes the actual 

terrane boundary, but in practice, plutons that are similar in age and type may intrude a 

terrane and adjacent continent and thus they may be considered to date the minimum time 

of accretion. I use accretion in the broadest sense throughout this report, meaning only 

that there is evidence (by overlap assemblages and common geologic-tectonic history) that 

the terrane was part of the continent after the accretion. No inherent implication of a 

distance that the terrane has traveled nor of the process of how the terrane comes to be part 

of the continent is intended here. 

Intent and philosophy of terrane analysis technique 

The identification of suspect terranes in the North American Cordillera depended 

on the recognition of the miogeocline as an indicator of a major rifting in western North 

America in the latest Precambrian, and thus creating a continental margin at that time. All 

the present continent west of the latest Precambrian-Paleozoic miogeocline, the edge of the 

continent at that time, must have been added to the continent subsequently (Coney et al., 

1980). In the Andes, there is not a known, exposed, throughgoing assemblage that 

indicates the formation of a new continental margin in the Phanerozoic (or latest 

Precambrian). The margin was created, as a continuous feature, following the late 

Precambrian-earliest Paleozoic Pan-African (Brasiliano events in South America) 

collisions of all the older cratons that created Gondwana (Hoffman, 1991). These older 

cratons of course had margins that have an older tectonic history. The edge of the terranes 

is along the western extent of presumed 'normal' (not significantly stretched) lower 

Paleozoic continental crust Lower Paleozoic assemblages that are interpreted to indicate 

some rifting (thick, marine sequences that are sourced from the east) then indicate the limit 

of possible terranes. Using this operational mode, continental margin terranes can be 
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recognized in some parts of the Andes. Continental basement outboard of these 

continental margin terranes is then also suspect. An interpretation of these relationships is 

that the 'continental margin' terranes are intracratonic basins, and the outboard continental 

rocks are just the other side of these intracratonic basins. In some cases, this seems the 

best interpretation, but here I still consider these areas terranes because continental 

basement is not seen in large intervening areas, and I would like to highlight the edge of 

'normal' continental crust, whatever the outboard tectonics were specifically. 

The tectonic assemblage and resulting terrane map recognizes clear mapped 

relationships that tie geologically distinct areas. In paleogeographic and tectonic 

interpretations, geoscientists often implicitly assume that broad areas are related and then 

try to explain the present distribution, and through-time development of various rock 

groups and the events that affect them, by a paleogeographic or tectonic model. 

Geoscientists must, as in all science, recognize the assumptions that underlie any model or 

interpretation. A terrane map explicitly recognizes implicit assumptions that geoscientists 

may be using to build interpretations. It is a tool that shows geoscientists real connections 

between fault-separated distinct rock sequences, and it should remind geoscientists to 

critically evaluate supposed connections rather than accepting assumptions of connections. 

Previous work on identifying terranes 

There have been several terrane interpretations of various parts of the Andes, and 

these were considered and incorporated with some adjustments and refmements into this 

continent-scale compilation. In the northern Andes, Bell (1971) Bellizzia G.(1972) and 

Maresch et al. (1974) recognized the allochthonous nature of the Caribbean ranges, and 

later compilations such as Case et al. (1984) were practically terrane maps, at least in part, 

of the Caribbean region. Feo-Codecido and others (Feo-Codecido et al., 1984) 

--------------- ------~--.~--
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recognized some of the important differences between the Venezuelan Andes and the 

foreland region. In Colombia, (Etayo-Serna and others, 1986) made a detailed terrane 

compilation, and others have done field studies that identified individual terranes (Aspden 

and McCourt, 1986b; Duque-Caro, 1990; Forero Suarez, 1990; McCourt et aI., 1984; 

Restrepo and Toussaint, 1988). Feininger (1987) made a compilation of terranes in 

Ecuador, based on earlier work by himself and others that recognized the oceanic nature of 

the Western Cordillera and coastal regions of Ecuador. Other workers are refming the 

terrane story of Ecuador and northern Peru (Aspden and Litherland, 1992; Lebrat et aI., 

1987; Litherland and Aspden, 1992; Mourier et al., 1988b; Van Thournout et al., 1992). 

Megard (l987a) summarized the tectonic history of all the northern Andes and 

incorporated the terrane histories into this compilation. In the central to southern Andes, 

several workers (Mpodozis and Forsythe, 1983; Ramos, 1984; Ramos et al., 1984; 

Ramos et al., 1986) have identified particular terranes, and Dalziel and Forsythe (1985) as 

well as Ramos (l988a) have considered the entire southern Andes from a terrane 

viewpoint. This compilation varies, in places, from many of these studies, as I have 

attempted to use primary data in so far as was possible, and because this compilation is 

focused on the larger-scale regional story there are differences due to difference in 

viewpoint caused by scale. 

. "-,,--_.'---- ---
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CHAPTER 2 OVERVIEW OF ANDES AND TERRANES 

Cratonic assemblages 

A Neogene-Quaternary foredeep separates the Guyana and Amazon shields from 

the Andes, thus direct, exposed connection to the Precambrian in the Andes is not present. 

Two areas provide evidence, at the surface, for the probable connection at least by early 

Paleozoic. In northern South America, cratonal assemblages that could clearly tie the older 

basement of the Andes with the Precambrian shield in the lower Paleozoic are not present 

on the fringes of the shield. However, widespread exposure of Ordovician rocks in the 

Vaupes arch area in southern Colombia (Mojica and Villarroel, 1990), along with outcrops 

in the Macarena and Garzon uplifts (and supporting subsurface data) (BUrgI, 1973; Irving, 

1975; Trumpy, 1943) suggest that the exposed craton was continuous with the basement 

in the northern Andes by lower Paleozoic. In central South America, the Silurian

Devonian section on the shield (Amazon craton) has a similar rock sequence to the 

Silurian-Devonian in the Bolivian Andes as well as strong faunal links (Ahlfeld and 

Branisa, 1960; LOpez-Paulsen et al., 1982). A poorly dated sedimentary section on the 

edge of the shield is apparently latest Precambrian (see Litherland et al., 1986 for a review 

of age data) and predates the thick Ordovician clastic assemblage of the central Andes. 

Hence, there is not a clear link here, based on surface exposures, before the Silurian

Devonian. For this synthesis, based on these two interpretive links, the Precambrian 

basement in the eastern part of the Andes is for the most part considered South American 

basement probably by the lower Paleozoic. The Andean margin was really first created 

with the consolidation of the various Precambrian pieces ending with the Brasiliano event 

(the last part of the Pan-African orogeny, middle Cambrian- -540 Ma) (Figure 2) 

(Hoffman, 1991; Litherland et al., 1986; Litherland et al., 1985; Ramos, 1988a). Lower 
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Figure 2. Amalgamation of Gondwana. Belts of Precambrian «900 Ma) to 
Middle Cambrian tectonism that sutured together several older cratons to create 
Gondwana. (after Hoffman, 1991). 
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Paleozoic cratonal assemblages of the Andes were deposited on the newly created margin, 

and they consist of generally marine clastics, present primarily in the central Andes and 

nortlternmost Andes. The Andean trend of cratonal assemblages in the central Andes 

began with Ordovician marine, in part deep water, deposits. 

General character of terranes 

The distribution of the terranes is shown in Figure 1. The approximate eastern 

limit of Andean defonnation is also shown, indicating that a substantial portion of the 

Neogene Andes is made up of older terranes. In the central and southern Andes, these 

terranes have mostly continental affinity and are Precambrian-lower Paleozoic in both 

protolith and accretionary age, while in the northern Andes, there are Paleozoic terranes 

with some continental affinity and Mesozoic-Cenozoic terrranes of predominantly oceanic 

affinity. For a discussion of the terranes and their accretionary history, I group them by 

age and type. 

Precambrian-Paleozoic terranes accreted in the Paleozoic 

Continental margin terranes 

The Zamora terrane in the northern Andes includes a variety of metamorphic rocks 

of combined continental sedimentary provenance and a more primitive volcanic component 

(Aspden and Litherland, 1992; Irving, 1975; McCourt et al., 1984; Restrepo-Pace, 1991). 

The Zamora terrane groups together many rocks of distinct origins, united by the common 

characteristic of being in a metamorphic belt with common episodes of metamorphism, at 

least in part. In some areas, this terrane, as grouped here based on the common 

metamorphism, can clearly by subdivided into several sub-terranes. Aspden and 

Litherland (1992) have begun a meaningful subdivision of these metamorphic rocks in 

Ecuador, identifying upper Jurassic-lower Cretaceous oceanic rocks (basalts, serpentinite, 
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chert) and distinct rocks of continental origin, as well as beginning to date the 

metamorphic episodes (Aspden et al., 1992b). McCourt and others (1984) suggest the 

presence of a Devonian arc within the Zamora terrane in southern Colombia. The ages of 

the various protoliths are poorly known, but there is a possible Precambrian component 

(Restrepo and Toussaint, 1988) and probable Paleozoic parts (McCourt et al., 1984), as 

well as some younger Mesozoic parts. The times of metamorphism are also poorly 

constrained in Colombia. There is clear post-accretion metamorphism, along with 

intrusion of plutons, in latest Cretaceous as established by many K-Ar dates (Alvarez A., 

1983; Aspden et al., 1992b; Aspden and Litherland, 1992; Hall and Calle, 1982; Irving, 

1975). There are older episodes of metamorphism also, as indicated by a range of 

radiometric dates (Aspden et al., 1987; Etayo-Serna et al., 1986; McCourt et al., 1984). 

This terrane will be appropriately subdivided with the accumulation of more data. Zamora 

is juxtaposed against South America and Eastern Cordillera terrane, where Precambrian 

basement is overlain by lower and middle Paleozoic low-grade metamorphic rocks or 

strongly deformed sedimentary rocks, which in tum are overlain by Devonian and 

younger sedimentary rocks. 

The Puna terrane of northern Argentina is composed essentially of two 

assemblages, Ordovician deep-water clastics and an intrusive suite (including some 

extrusives?). The Ordovician clastics were strongly folded before and during the intrusive 

event (Bahlburg, 1991; Coira et al., 1982; Turner and Mendez, 1979). To the east of the 

Puna terrane, correlatives to the Ordovician clastics are depositionally on older basement 

rocks, but the basement abruptly disappears to the west in the Puna terrane, across a major 

regional fault (Turner and Mendez, 1979; Turner and Mon, 1979). These abrupt changes 

across this Andean thrust indicate that it apparently has an older history, and it may have 

been the approximate edge of 'normal' (not significantly stretched) continental crust during 

the development of the Ordovician basin. Although the Ordovician turbidites of the Puna 
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terrane apparently correlate simply to the Ordovician to the east, I highlight this boundary, 

in keeping with the philosophy of identifying the edge of normal continental crust at this 

time. The thick marine clastic assemblage, although apparently indicating subsidence 

following stretching, is more complicated than a typical miogeoclinal succession, as 

tectonic activity is indicated to the west by abundant volcanic rocks and an apparent 

transition to a foreland basin with a western source during the Late Ordovician folding and 

shortening (Bahlburg, 1991; Bahlburg et al., 1988; Davidson et al., 1981). The existence 

of, or precise location of, the northern extension of the eastern boundary of the Puna 

terrane into Bolivia is not established, although an often-reactivated tectonic boundary is 

indicated by intrusions of various ages along the eastern edge of the Altiplano. Small 

areas of Precambrian basement, grouped with the Arequipa terrane, are present to the west 

of the Puna terrane in northern Chile, but rocks of the Mesozoic-Cenozoic arc obscure any 

direct relationships either between these isolated exposures or with the more extensive 

Arequipa terrane Precambrian rocks in southern Peru. 

In central Argentina, the Precordillera terrane consists of a Lower Cambrian 

through Middle Devonian sedimentary section, without any major unconformities (Baldis 

et al., 1984; Furque and Cuerda, 1979). The Cambrian to Lower Ordovician miogeoclinal 

section of the eastern Precordillera yields a typical thermal subsidence curve of a rifted 

continental margin (Bond et al., 1984). To the west, deeper water shales with interbedded 

basalts indicate a facing with open water to the west (Ramos et al., 1986). The Silurian

Devonian upper part of the section consists of mostly marine and deltaic clastics. Some 

tectonic activity is indicated in the Ordovician to Devonian by local unconformities and 

minor conglomerate indicating changes in source regions (Ramos et al., 1986). In the 

Pampean region, adjacent to the Precordillera on the east, Cambrian and especially 

Ordovician calc-alkaline intrusives suggest the presence of a continental margin arc coeaval 

with the nearly continuous passive-margin deposition in the Precordillera region (Ramos et 
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al., 1986). Radiometric dating in the Pampean region appears to be sufficient to establish 

a general upper Cambrian-Ordovician magmatic episode (Rapela et al., 1982), but precise 

dating on these plutons could change the interpretations here. 

Continental terranes 

The continental margins suggested by the Puna and Precordillera terranes indicate 

that continental basement to their west may be regarded as terranes (Ramos et al., 1984; 

Ramos et al., 1986). The Arequipa terrane, best known in southern Peru, consists of 

Precambrian basement that is outboard relative to the Puna terrane, and the rarely exposed 

Chilenia terrane is west of the Precordillera. Merida and Eastern Cordillera terranes in the 

northern Andes are inboard of Zamora terrane, and they are identified as terranes based on 

slight differences with craton areas in their poorly known lower Paleozoic geologic and 

tectonic history. They are separated from the craton by large Andean structures which 

presumably have an older history. 

The Merida terrane in Venezuela contains Precambrian gneisses and granites, 

overlain by low-grade metasedimetary assemblages. Dated granites that intrude these 

metasedimentary rocks constrain them to lower Paleozoic (Burkley, 1976; GonzaIez de 

Juana et al., 1980). Unmetamorphosed Upper Ordovician and Silurian marine 

sedimentary rocks depositionally overlie these older granites and a few Upper Silurian 

through Middle Devonian granites are also present. Merida terrane also contains a poorly 

dated upper Paleozoic low-grade metasedimentary assemblage, always in fault contact 

with the unmetamorphosed Ordovician-Silurian section (GonzaIez de Juana et al., 1980), 

which here is grouped as a subterrane of Merida. The subsurface cratonic areas south of 

the Merida terrane consist of Precambrian basement and overlying Cambrian-Ordovician 

platform marine sediments (Feo-Codecido et al., 1984). The intrusive and metamorphic 

episodes recorded in the Merida terrane are not documented in this region. 
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The Eastern Cordillera terrane in Colombia is composed of Precambrian basement, 

with overlying low grade lower Paleozoic metasedimentary and metaigneous rocks 

(Irving, 1975). Ordovician fossils are known from weakly metamorphosed shales on the 

east of the Central Cordillera and recent identifications of microfossils have suggested that 

strongly deformed but only weakly metamorphosed sandstone and shale sections of the 

Quetame and Santander regions of the Eastern Cordillera are Silurian (Forero Suarez, 

1990; Grosser and Prossl, 1991). A syn-tectonic orthogneiss in the Santander region, 

with inconclusive lower Paleozoic radiometric dates, intrudeS the Silgara schist (low to 

medium grade metasandstone to metamudstone (Boinet et al., 1985; Irving, 1975). The 

Silgara may be in part equivalent to the recently dated Silurian, and/or it may be older 

(Ordovician?). All these rocks are unconformably overlain by unmetamorphosed middle 

Devonian sedimentary rocks, constraining at least part of the defonnation and 

metamorphism to latest Silurian-earliest Devonian (Forero Suarez, 1990; Grosser and 

Prossl, 1991), although older regional metamorphism has also affected parts of the 

section. The latest Silurian-earliest Devonian metamorphism is not clearly identified or 

constrained in the Merida terrane, nor in the adjacent parts of South America (Garz6n and 

Macarena) because equivalent Silurian rocks are not known from the craton areas. The 

older Paleozoic tectonics (intrusives and metamorphism) known in Merida terrane, are not 

documented in the Eastern Cordillera, although radiometric dating may yet demonstrate 

some shared history. Unmetamorphosed marine Devonian deposits, indicating a regional 

transgression in the middle Devonian, also overlie the Ordovician and Precambrian of 

adjacent areas of craton to the south in the Garz6n region (BUrgI, 1973; Irving, 1975). 

Exposed along coastal southern Peru, the Arequipa terrane is characterized by a 

complex of Precambrian and lower Paleozoic rocks, with several tectonic episodes 

indicated by radiometric dating. Here I include as part of Arequipa terrane other scattered 

outcrops of Precambrian or probable Precambrian rocks in northern Chile and into 
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westernmost Bolivia, as all these rocks are older (Precambrian) basement outboard of the 

extensive Ordovician clastic assemblage and Puna terrane. Radiometric dates from some 

of these isolated outcrops hint that perhaps there may be a connection between them and 

the more extensive exposures in Peru, although their grouping here is mostly for 

convenience. Several dates around 1900 Ma have been obtained from various 

metamorphic rocks of the Arequipa terrane (Cobbing and Ozard, 1977; Martinez, 1980; 

Shackleton et al., 1979). Other scattered radiometric dates from -1100 Ma up to the well

dated Atico complex of -440 Ma may suggest other metamorphic episodes (Cobbing and 

Ozard, 1977; Lehmann, 1978; Pacci et al., 1980; Shackleton et al., 1979), but extensive 

geochronology in the coastal Peru area did not establish the existence of other events there 

(Shackleton et al., 1979). Based on several radiometric dates, especially a 5 sample RblSr 

isochron (Shackleton et al., 1979), igneous activity and metamorphism was extensive 

around 440 Ma (Late Ordovician-Early Silurian), corresponding to the Late Ordovician 

deformation and igneous activity known in the Puna terrane. This regional tectonic event 

is expressed as an unconformity to disconformity in the Subandean regions of northern 

Argentina, Bolivia, and Peru, inferred to relate to the accretion of Arequipa and Puna 

terranes, and by the collapse and shortening of the Early Ordovician Puna basin. 

The Chilenia terrane has little actual exposure of its characteristic basement, but its 

existence is predicated on indications of lower Paleozoic continental basement to the west 

of the Precordillera terrane, where lower Paleozoic rocks indicate an oceanic environment 

(an ocean basin of unknown size) to its west (Ramos et aI., 1984; Ramos et al., 1986). 

Areas of exposed gneisses to the west and south of the Precordillera terrane with lower 

Paleozoic radiometric ages, in addition to the chemistry of the coastal Carboniferous 

batholith (high initial 87Srj86Sr) demonstrate that there is an older continental crust origin 

to Chilenia (Caminos, 1979a; Caminos et al., 1982; Cande et al., 1982; Herve et al., 

1984; Mpodozis M. and Cornejo P., 1988; Ramos et al., 1986). Any geologic-tectonic 



29 

history for Chilenia is really unknown due to the near-total reworking of its crust by the 

Carboniferous to Neogene arcs built on and through it The boundaries of Chilenia terrane 

are also poorly constrained. Carboniferous assemblages clearly connect Chilenia and 

Precordillera to the adjacent Pampean region, so accretion was definitely by 

Carboniferous, although it may have been earlier, especially for the Precordillera (Ramos 

et al., 1986). Dalla Salda, et al.(1992) suggest a large accretion in the Ordovician 

(essentially Chilenia and Arequipa together) to account for widespread Ordovician tectonic 

activity from southern Peru to the Northern Patagonian massif. This tectonic activity 

occurs in both terranes and adjacent parts of the 'craton'. Some puzzling anomalies stand 

out if one applies this model, especially the depositional story in the Precordillera. 

Patagonia has been considered a terrane by Ramos (1984). He originally 

considered it accreted in the Permian, corresponding to abundant plutons and volcanics on 

the Northern Patagonian massif, and to the NE-verging deformation in the Ventana 

ranges. New radiometric dating shows that at least some of the plutons and volcanics in 

the Northern Patagonian massif are Carboniferous (Rapela and Llambias, 1985) and 

appear to be an extension of the coastal Carboniferous batholith in southern Chile. 

Additionally, new paleomagnetic data on Carboniferous plutons in Chile do not suggest 

any latitudinal displacement of the east-trending part of the arc (Beck et al., 1991). Based 

on this recent work, it appears that the Northern Patagonian massif was in place by the 

Carboniferous, and the defonnation in the Ventana ranges (and Cape fold belt in South 

Africa) was back-arc defonnation. Patagonia remains somewhat enigmatic however, as 

the areas of continental basement south of the North Patagonia massif appear to have been 

all in a broad fore-arc region, and the trend (or existence?) of the Carboniferous arc as it 

swept east is ill-defmed or lost entirely. Recent work has begun to establish a 

Precambrian and lower Paleozoic origin to the Northern Patagonian massif. Its gneisses 

and schists have yielded ...,1200 Ma dates, and an Ordovician regional metamorphic 
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episode is recorded by -450? Ma dates (Linares et al., 1988). The older history of the rest 

of Patagonia is obscure because it is generally covered by Jurassic to recent volcanic rocks 

and sedimentary rocks. 111 spite of the poorly known older history of the Patagonian 

region, this area of continental crost displays many anomalous characteristics. These 

include widespread Jurassic silicic volcanics (Bruhn et al., 1978) ,and extensive latest 

Cretaceous to Neogene basalts (Ramos and Kay, 1992). The unusual character of 

Patagonia may result from the Jurassic breakup of southern Gondwana, but xenoliths 

indicate that it is not a thick, old Precambrian craton like the shield areas (Stem et al., 

1986), which suggests that its Mesozoic-Ceneozoic anomalous character may be inherited 

from its older history. 

Other terranes 

The Chiloe terrane is a large composite subduction complex that was built 

structurally-tectonically essentially in place, but is composed of disparate elements 

including rocks of oceanic origin (Davidson et al., 1987; Herve, 1988). Basalts, 

greenstone and cherts are common, and large areas are composed of phyllites and 

metaturbidites. These rocks are generally low-grade on the west to very low-grade on the 

east, with some high pressure mineral localities (Herve et al., 1988; Kato, 1985). A 

penetrative east-dipping foliation becomes weaker to the east. Local areas display typical 

melange character. Radiometric dating of Chiloe metamorphic rocks shows that they were 

deformed and metamorphosed beginning in the Carboniferous, contemporaneously with 

the intrusion of the coastal Carboniferous batholith (Herve et al., 1988). Younger 

metamorphic ages are typically found to the south, and are interpreted to mean that the 

subduction complex built southward with time. The depositional age of these rocks is in 

general poorly known, but Early Devonian (Silurian?) trace fossils have been found in the 

Chonos Archipelago. The Patagonian batholith, Middle Jurassic at the oldest, intrudes the 

southern part of Chiloe terrane. 
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The Magallanes subterrane of ChilOt~, separated from Chil06 by the Patagonian 

batholith, consists of similar rock types, with metabasalts, metaturbidites, metacherts, and 

marbles, also not known to be depositional on older basement (Skanneta M., 1978). The 

ages of these rocks are also poorly known, with one Carboniferous? fossil from a 

borehole (presumed to be the same group), and scarce radiometric dates that suggest 

Permian-Triassic metamorphism, continuing the trend of younger metamorphism and 

deformation to the south. These rocks have been isoclinally folded and poly-deformed. 

Other metamorphic rocks without known basement in southern Patagonia are included 

with Magallanes subterrane, although they may be of distinct origin (Herve et al., 1979; 

Nelson et al., 1980). The Magallanes subterrane is overlain by unmetamorphosed 

Jurassic volcanics and volcaniclastics and is intruded by the Patagonian batholith. 

Terranes accreted in Mesozoic-Cenozoic 

Most of the younger terranes and younger accretions.in the Andes are in the 

northern Andes. The Darwinia terrane in southern Chile is composed of late Paleozoic 

rocks and was probably accreted in the Mesozoic. 

Oceanicterr.anes 

The Madre de Dios islands in southern Chile are made up of a distinct group of 

oceanic rocks, the Darwinia terrane. These rocks include three fault-bounded packages, a 

limestone section, a pillow basalt-radiolarian chert sequence, and a deformed turbidite 

package, imbricated within and stacked together in south-verging thrust sheets (Forsythe 

and Mpodozis, 1983). The limestone and chert are well-dated as latest Carboniferous

Early Permian by microfossils (Ling and Forsythe, 1987; Ling et al., 1985). The faunas 

are very much like radiolarian and fusilinid faunas known in accreted terranes in Japan. 

Paleomagnetic data indicates a tropical latitude of formation for Darwinia (Forsythe, 
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Jurassic at the oldest although the age of the part that intrudes Darwinia is not known 

precisely. 
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The Canta terrane in Peru is composed of an andesitic volcanic sequence 

concordantly overlain by shallow marine sediments, in tum overlain by a thick basaltic 

volcanic section (Cobbing et al., 1981). No older basement is seen. The lower volcanic 

section is Tithonian to Berriasian based on ammonites in interbedded sediments, the 

marine sediments are Neocomian, and a mid-Albian fossil has been found within minor 

sediments in the upper basaltic section. This section is strongly folded and intruded 

(distinct coeval sections to the east are also intruded) by the Coastal batholith, which yields 

95-102 Ma dates at the oldest (Cobbing et al., 1981). The upper volcanic section is of 

back-arc basin type basalt based on its geochemistry according to Atherton and Webb 

(1989), although it has been previously considered of island arc type based on general 

lithologies and facies (Wilson, 1963). Atherton and Webb (1989), based on detailed field 

work, concluded that the Canta terrane section west of the batholith cannot be correlated to 

coeval sections east of the batholith (see also Myers, 1974). 

The oldest parts of the Western Cordillera in Colombia and into Ecuador, and 

coastal Ecuador are all composed of mafic oceanic and associated sedimentary 

assemblages of mostly Late Cretaceous age, with overlying Eocene assemblages in both 

Cordilleran and coastal regions of Ecuador (Feininger and Bristow, 1980; Goossens and 

Rose, 1973; Henderson, 1979; lIving. 1975; Millward et al., 1984). The Western 

Cordillera is made up of submarine arc volcanic rocks of the Macuchi Formation in 

Ecuador and mafic flows and associated deep-water sediments of the Diabase and Dagua 

groups in Colombia. The nature and location of the change from Macuchi arc rocks to the 

Diabase/Dagua assemblage is not established. The Cauca-Macuchi terrane consists 

predominantly of three assemblages; the Macuchi arc volcanic rocks in Ecuador, and in 
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Colombia. the mafic flows of the Diabase group and the deep water deposits of the Dagua 

group which are interbedded with and overlying the Diabase group. The Macuchi 

assemblage represents a submarine arc and is made up of a thick sequence of basalts, 

basaltic andesites, often pillowed, bedded tuffs, and volcaniclastics. It is Late Cretaceous 

based on fossil assemblages in the interbedded sediments, and it includes an Eocene part 

also with arc type rocks (Henderson, 1979; Lebrat et al., 1987). The Diabase group has 

been chemically typed as transitional MORB, and interpreted as oceanic flood basalts 

similar to the basalts of the present Caribbean floor (Millward et al., 1984). Interbedded 

sediments within and overlying the Diabase group are mid- and Upper Cretaceous based 

on their fossil assemblages. The similar (in age and origin) Cauca and Macuchi 

assemblages are grouped together here into the Cauca-Macuchi terrane due to the apparent 

continuity of outcrop. The Piiion terrane is separated, in surface exposure, from the 

Macuchi rocks by intervening upper Tertiary basins, and so is separated here, although in 

age and oceanic character it appears related to the Cauca-Macuchi terrane. The Piiion 

terrane is composed primarily of MORB basalts. Radiometric dates and fossil 

assemblages from overlying sediments indicate a mid- to Late Cretaceous age for these 

rocks. An Eocene olistostrome complex overlies the Piiion assemblages, and Eocene 

rocks are also reported to be depositional on the Cretaceous part of the Macuchi arc. 

These younger assemblages provide a provenance link between the Macuchi and Piiion 

assemblages (Lebrat et al., 1987). Some argue for an Eocene accretion based on the 

continued arc development up into the Eocene (Henderson, 1979; Van Thournout et al., 

1992). Others argue for a latest Cretaceous-earliest Tertiary accretion, as this provides an 

explanation for widespread metamorphism, as indicated by abundant KlAr dates, and 

plutonism in adjacent South America (Aspden and Litherland, 1992; Feininger and 

Bristow, 1980; Litherland and Aspden, 1992). The Eocene assemblages may record the 

re-establishment of a subduction zone to the west (east-dipping) and an arc following 



34 

accretion. The Upper Cretaceous Y ungilla fonnation may provide a latest Cretaceous 

overlap, but it is not certain if it is depositional on the Macuchi arc assemblage. 

Sediments in the inter-Andean graben that clearly overlap the boundary are predominantly 

Neogene, and may be upper Oligocene at the oldest 

The Amaime terrane is made up of various oceanic basalts and associated rocks, 

which are thrust onto the edge of the Central Cordillera in Colombia (Aspden and 

McCourt, 1986b). These oceanic rocks are Lower Cretaceous (and perhaps older) based 

on fossils in overlying sediments and scarce radiometric dates. The Amaime ophiolitic 

complexes are older than the mid- and Upper Cretaceous rocks of the Western Cordillera 

(Cauca-Macuchi terrane), although they were often grouped together in the past. The 

Amaime is intruded by the Buga batholith, which gives approximately mid-Cretaceous 

radiometric ages (Aspden and McCourt, 1986b). It shows that the Amaime was accreted 

to the Zamora metamorphics by mid-Cretaceous, while the Cauca assemblages were still 

forming and depositing. It is not known for certain if equivalent rocks to the Amaime 

terrane are present to the south in Ecuador, but some Upper Jurassic-Lower Cretaceous 

marine sedimentary rocks and oceanic basalts have been recognized in Ecuador (Aspden 

and Litherland, 1992). 

Four terranes make up the Caribbean coastal ranges of northern Venezuela: 

Guanco, Villa de Cura, Tinaco-Caucagua, and Cordillera de la Costa. Guanco terrane is a 

Paleocene-lower Eocene flysch belt thrust southward onto South America, and it separates 

the other Caribbean ranges terranes from the foreland This flysch belt apparently extends 

around (and under) the Caribbean terranes on the west (see Bellizzia G. et al., 1976 and 

Bellizzia G., 1972), although the parts were mapped separately by Case et al. (1984). It 

includes small to very large olistostromes of the Cretaceous sequence of northern South 

America. The Villa de Cura terrane is a large thick klippe of mid- to Upper Cretaceous 

basic metavolcanic rocks and associated metasedimentary rocks with some ultramafic 

-------~--- ---------
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intrusives, thrust over the terranes to the north onto South America (Bell, 1971). The age 

is constrained by a few K-Ar dates on metatuff and on the ultramafic intrusives as mid

Cretaceous (Gonzalez de Juana et al., 1980; Hebeda et al., 1984) The Tinaco-Caucagua 

and Cordillera de la Costa terranes are complex structural stacks of metasedimentary rocks 

and metavolcanic rocks, often basic, with common mafic to ultramafic bodies. 

Glaucophane schists are common within both terranes. Some rocks of apparently older 

continental origin are also known, including structurally lowest orthogneisses in the 

Cordillera de la Costa terrane that yielded a 425 Ma RblSr model age. Poorly preserved 

fossils from the Cordillera de la Costa terrane suggest a Late Jurassic and Cretaceous age 

for parts of the structural stack. Poorly preserved fossils from parts of the Tinaco

Caucagua terrane also suggest Late Jurassic and Cretaceous ages, although 

Carboniferous? fossils are also noted from part of the section previously thought to be 

Cretaceous (Benjamini et al., 1987). Scarce radiometric ages suggest mid-Cretaceous to 

Late Cretaceous metamorphism, although (Beets et al., 1984) argue convincingly for one 

episode of Late Cretaceous metamorphism in these terranes. The Lesser Antilles, from 

Aruba to Blanquilla island, are grouped here as the ABC terrane, and they appear to be an 

Albian to Coniancian island arc that was metamorphosed in the Late Cretaceous 

(Coniacian), and subsequently overlain by unmetamorphosed Carnpanian-Maastrichian 

marine sediments (Beets et al., 1984). The Villa de Cora terrane may have been part of 

this Cretaceous island arc terrane (Beets et al., 1984; Maresch, 1974). Isla Margarita has 

similar, in age and type, rock sequences and metamorphic history and may be another part 

of the former island arc (Beets et al., 1984). I map it as part of Villa de Cura terrane here. 

A good understanding of this region depends on additional future work, especially with 

sophisticated radiometric techniques to sort out the metamorphic history. The primary 

episodes of subsidence in the adjacent foreland to the Cordillera de la Costa, Tinaco

Caucagua, and Villa de Cura terranes, and hence times of thrusting, are recorded by the 



thick Paleocene-lower Eocene Gmlrico and uppennost Eocene-Oligocene-lowermost 

Miocene Roblecito flysch belts (Bell, 1971). 
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On the Paraguana peninsula in Venezuela, there are a few pre-Tertiary rocks which 

do not have a clear connection to the surrounding areas. A fault-bounded granite that 

yielded a 262 Ma U/Pb date outcrops near a low-grade metasedimentary section that 

contains Late Jurassic ammonites (Gonzalez de Juana et al., 1980). In a separate area to 

the north, a cumulate gabbro with some ultramafics yields early to mid Cretaceous 

radiometric dates. I map the peninsula as a separate terrane here, although the few known 

rocks and ages hint at some possible connection to the other coastal Caribbean, and/or 

other northern South America terranes. 

The Baud6 terrane in northwestern Colombia is composed of massive and 

pillowed basalts with some chert, argillite and limestone (Duque-Caro, 1990; Irving, 

1975). Fossils give a Late Cretaceous to Eocene age range, distinct from the mid- to Late 

Cretaceous age of the Western Cordillera (Cauca-Macuchi terrane). The boundary with 

Cauca-Macuchi terrane in northwestern Colombia may be an east-vergent thrust in the 

western part of the Western Cordillera (Duque-Caro, 1990), or it may be mostly covered 

in the Atrato basin and the Late Tertiary basins to the north. 

Other terranes 

The one terrane apparently accreted in the Mesozoic that is of continental character, 

at least in part, is the Amotape terrane in southern Ecuador and northern Peru (Feininger, 

1987; Mourier et al., 1988b). In Ecuador, it is composed of a metamorphic complex of 

blueschists surrounded by an amphibolite, with low- to high-grade metasedimentary rocks 

and deformed granites to the north and south (Aspden et al., 1992b). The primary 

metamorphism of Tahuin Group orthogneiss has been reliably dated by Sm/Nd and KlAr 

methods as -220-200 Ma (Late Triassic-earliest Jurassic) (Aspden et al., 1992b; Hall and 

Calle, 1982). With additional radiometric dating, Aspden and others (1992b) could not 



37 

confinn an earlier Precambrian K/ Ar date on an amphibolite (Feininger and Silbennan, 

1982), and, as they state, the few older dates from this area are unreliable. In northern 

Peru, a thick, weakly metamorphosed clastic section is overlain by Carboniferous 

sedimentary rocks. Mid-Cretaceous deposits of the Lancones basin overlie the Amotape 

rocks, and this section also extends over Zamora terrane and into central Peru, thus 

overlapping the Amotape terrane. The Carboniferous (and pre-Carboniferous) section in 

Peru is similar in age and lithology to the Ambo-Tarma succession in Peru (Newell et al., 

1953), hinting at a possible earlier connection to South America. The .... E-W structural 

grain of Amotape terrane is distinct from the .... NNE trend of the metamorphics of the 

Zamora terrane, and their exposures are separated by areas of Tertiary volcanic rocks. 

Recent field and geochronologic investigations suggest that perhaps the Late Triassic 

metamorphism (and plutonism) established in Amotape terrane rocks also affected parts of 

Zamora terrane (Aspden et al., 1992a; Aspden et al., 1992b; Aspden and Litherland, 

1992). 

----- -------- ---------
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CHAPTER 3 TECTONIC ASSEMBLAGES AND 

TECTONOSTRATIGRAPHIC TERRANES 

In this section, I discuss the cratonic assemblages for a range of time, then the 

terranes that were accreted during or at the end of the time range. The assemblages are 

further subdivided by time and region. The northern Andes include Venezuela, Colombia 

and Ecuador, the central Andes include Peru, Bolivia, northern Chile and into 

northernmost Argentina for some assemblages, the southern Andes include the remainder 

of Chile and Argentina. Table 1 is a comprehensive list of the tectonic assemblages, 

Figures 3-9 show the map distribution of the assemblages in several time slices, and 

Figure 10 shows generalized Andean structure. Figures 11-21 display the distribution of 

the assemblages on time-stratigraphic columns, and Figures 22-26 display structural 

relationships between the terranes. Figures that show the paleogeography (Figures 27-36) 

and paleotectonics (Figures 37-39) for various time-slices will also aid understanding of 

this chapter. 

Early and middle Paleozoic cratonic assemblages 

. Precambrian assemblages 

General statement 

Precambrian rocks in the eastern part of the Andes are here considered South 

American basement, following arguments above (Figure 3, 11-21). They are generally 

metamorphosed, up to granUlite grade in places, and usually stratigraphically overlain by 

sedimentary or low-grade metasedimentary lower Paleozoic assemblages. Several terranes 

in the Andes also have a Precambrian metamorphic basement, and the real relationships 

between these scattered and small (in exposure at least) fragments within the terranes and 

the older cratons of South America are interpretive at best Inferred links between all these 
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TABLE 1. Key to tectonic assemblages on time-slice maps and stratigraphic columns. 

Terrane or craton 
Assemblage Assemblage name or type 

code 

Cordillera de la Costa 
CC Caracas metamorphic rocks 
CCs Sebastopol gneiss 

Tinaco-Caucagua 

notes 

age poorly constrained, Jurassic?-Cretaceous? 
Devonian? 

TC Tinaco complex age poorly constrained, lower Paleozoic? 
TC Tucutunemo meta-sediments Carboniferous-Permian? 

Villa de Cura 
VC Villa de Cura Group 

Guarico 
GRk Olistostromes in flysch 
GRpf Guarico flysch (also Gpf, 

pf) 

Paraguana 
PGi Paraguana intrusive 

Merida 
Mbv 
Mig 

Mc 
Mi 
Mm 

Bella Vista 
Iglesias 

Caparo-EI Homo 
intrusives 
Mucucachi 

Eastern Cordillera 
ECpc Bucaramanga gneiss 
ECs. ECq Silgara and Quetame 

Zamora 
7m undivided metamorphic 

rocks 

Amaime 
ABu Amaime "ophiolites" 

--------------

Cretaceous?, blueschists & meta-volcanic rocks 

Cretaceous, some metamorphosed 
primarily Paleocene, lower Eocene 

Permian, other fault-bounded exotic rocks 

Precambrian, metamorphic 
Precambrian, may include Cambrian, 
metamorphic 
sedimentary, Ordovician, Silurian 
Ordovician-Devonian 
Carboniferous?, meta-sedimentary 

Precambrian 
Cambrian-Ordovician, Silurian 

Precambrian?, lower Paleozoic?, upper 
Paleozoic? 

Upper Jurassic?-Lower Cretaceous 



Cauca-Macuchi 
CMdb Diabase Group 
CMdg Dagua Group 
CMm Macuchi 

Baudo 
BDu Baudo undivided 

Pinon 
PNu Piiion undivided 

Amotape 
AM Amotape-Tahuin 

AMd 
AMc 
AMt 

Canta 

metamorphic 
s1. metamorphosed clastics 
clastic rocks 
Intrusives and metamorphics 

Cjk Punta Piedra basic rocks 

Arequipa 
AQpc metamorphic rocks 
AQa Atico complex 
AQ;l? Sotaca "beds" 

AQdi San Nicolas batholith 
AQp Mucucachi 

Puna 
PAo 
PAfe 

fme-grained clastics 
"Faja Eruptiva" 

Precordillera 
PCco sedimentary rocks 

PCsd sedimentary rocks 

Chilenia 
CHm rare basement metamorphic 

CHe 

CHd 
CHdt 

rocks 
Eastern series metamorphic 
rocks 
scarce clastic rocks 
Devonian-L Carb. meta
sedimentary rocks 

Cretaceous, oceanic basalts 
Cretaceous, oceanic turbidites 
Cretaceous, oceanic arc volcanic rocks 

Upper Cretaceous-Lower Tertiary, oceanic 
rocks 

Cretaceous, basalts and oceanic sediments 
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Age unknown, only a small part is possibly PC 

pre-Carboniferous, probable Devonian 
Continental and marine, Carboniferous 
Triassic dates on intrusion and metamorphism 

Upper Jurassic-Lower Cretaceous, marginal 
basin 

Precambrian 
Ordovician intrusion & metamorphism 
Ordovician, unknown if deposited on AQ 
basement 
Lower Devonian 
Carboniferous?, meta-sedimentary 

Ordovician, marine basin, deep-water in part 
Upper Ordovician, probably mostly intrusives 

Cambrian-Ordovician, carbo platform, deep 
marine 
Silurian-Devonian, marine and deltaic clastics 

Age unknown, lower Paleozoic? 
metamorphism 
Carboniferous metamorphism & deformation 

unknown affinity, may be an overlap 
similar to dt overlap assm, ?overlap onto 
Chilenia? 
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Chiloe 
CEw(CE) Western series metamorphic mid-Paleozoic, deformed in Carboniferous 

rocks 

Magallanes 
MGu undivided metamorphic 

Darwinia 
DW Madre de Dios complex 

Malvinas (not Andean) 
MVcm Cape Meredith gneiss 
MVsd clastic rocks 

South America 
SApc metamorphic rocks 
SAg Guejar clastics & lms (SAgj) 
SAd Devonian clastic rocks 
SAe Excelsior 

SAg intrusives (granitoids) 
SAmp "mud pile" clastics 
SAl Limbo, clastics, anhydrite 
SAsd fme-grained clastics 

SAtv Tucavaca sedimentary rocks 

SAsh shield cover, carbo & ss 
SApv Puncoviscana meta-clastics 

SApm Pampean basement 

SAi intrusives, granitoids 

SM Famatina (SMm) 

SAt Tinta quartzites & 
carbonates 

SAnp Northern Patagonia 
metamorphic rocks 

SAsd Ventana group clastic rocks 

SAs Ventana group 
SAd Ventana grOUp 

pre-Carboniferous, meta-sedimentary 

Carb-Perm oceanic basalt, chert, lms, turbidites 

Precambrian metamorphic rocks 
Silurian-Devonian, quartzites 

Precambrian, Garz6n massif, Colombia 
Cambrian-Lower Ordovician, Colombia 
slightly metamorphosed, Ecuador 
Ordovician-Devonian, possible Precambrian, 
Peru 
pre-Upper Devonian, Peru 
Ordovician, Peru, Bolivia, Argentina 
Cambrian? rift assm.?, Bolivia 
Silurian-Devonian, base with glacial input 
(Ord?), Peru, Bolivia, Argentina 
Precambrian (possible Lower Cambrian), 
slightly metamorphosed, Bolivia 
Silurian and Devonian, Bolivia 
Upper Precambrian-Lower Cambrian, N 
Argentina 
Precambrian, metamorphosed, central 
Argentina 
Cambrian?, Ordovician in part (part Devonian, 
di assemblage) calc-alkaline, central Argentina, 
Ordovician, volcanic & sed. rocks, central 
Argentina 
Upper Precambrian, thin platform sequence, E. 
Argentina 
Precambrian, one part may be Cambrian
Ordovician, S Argentina 
Silurian-Devonian, quartzites!, central 
Argentina 
Silurian, central Argentina 
Devonian, central Argentina 



42 

Overlap assemblages (northern Andes) 
Assemblage Assemblage name or type 

code 
notes 

f Floresta marine clastic rocks transgression-regression, Devonian, Colombia 
cps Sabaneta clastic & carbonate Carboniferous-Pennian, marine and continental, 

rocks Colombia, Venezuela 
js Gir6n-La Quinta rift assm. Triassic, Jurassic, volcanics & continental 

clastics 
ks Cordillera Oriental Cretaceous into Lower Tertiary, thermally 

subsiding basin sequence, Colombia 
km basic metamorphic rocks probable Cretaceous, NW Colombian coast 
tr Roblecito clastic rocks clastic foreland basin, Venezuela 
tf Falc6n fine-grained clastics Upper Tertiary extensional basin in strike-slip 

regime, Falc6n basin, Venezuela 
nn marine rocks Upper Tertiary basins, coastal region, Venezuela, 

Colombia, Ecuador 
tc primarily continental clastics Upper Tertiary foreland and intermontane basins, 

Venezuela, Colombia, Ecuador 
tl fluvial & deltaic clastics Paleocene-Oligocene, Colombia 
n Napo clastics and limestone mid- and Upper Cretaceous, Ecuador (=ks to N) 
m Margajitas meta- clastics metamorphic equivalent to Napo?, Ecuador 
y Yungilla fme-grained Maastrichtian flysch, Ecuador 

clastics 
kcv Celica volcanic arc rocks Upper Cretaceous, continental arc, S Ecuador 
ka Alamor group mid- Upper Cretaceous, clastic basin, Ecuador-

Peru 
km? metamorphic rocks age & affinity uncertain, may be meta-Yungilla 

tv arc volcanics Eocene, Colombia, Ecuador 
es San Eduardo carbonates Eocene, fore-arc region, Ecuador 
eo S. Elena olistostrome Eocene, fore-arc region, Ecuador 

complex 
ts clastic rocks Tertiary, marine, trans tensional basins, NW 

Peru 
nv Neogene volcanic rocks Neogene arc rocks, throughout most of Andes 

Intrusive assemblages (northern Andes) 
pmi Permian granites EI Baul uplift, Venezuela 
ktg Cretaceous-Tertiary in CC terrane, -60-65 and -35 Ma dates, 

ji 

ki 

.? J. 
ti 

ti 

intrusives Venezuela 
Jurassic intrusives alkaline in N (Venezuela, N Colombia), calc

Cretaceous intrusives 

gneissic intrusives 
Tertiary intrusives 

Tertiary intrusives 

alkaline in central Colombia, Ecuador 
mid Cretaceous and latest Cretaceous-earliest 
Tertiary 
Jurassic? or Triassic? 
primarily Paleocene-Eocene, Colombia, arc 
plutons 
Eocene-Oligocene, Ecuador, arc plutons 

------------- --~~-----



Overlap assemblages (central Andes) 
Assemblage Assemblage name or type 

code 

gn Gondwana north 

m Mitu volcanic & clastic 
rocks 

c Copacabana carbonate 
gg Gondwana wI glacial 

deposits 
jv Zaiia group volcanic rocks 

tIjp Pucara-Santiago carbonates 
jks Cretaceous clastic & carbo 

rocks 
jn Negra-Chocolate 

volcanicrocks 
vt Vitiacua lacustrine 

ktc Cret.-Tert. clastic rocks 

ktv Cret.-Tert. volcanic & 
clastic rocks 

kt Cretaceous clastic rocks 
kp EI Molino-Santa Lucia 

kmv marine & volcanic rocks 

tv Tertiary volcanic rocks 
tc Chaco group coarse clastics 

nv Neogene volcanic arc rocks 

Intrusive assemblages (central Andes) 
tIji Cordillera Real intrusives 

ji Jurassic intrusives 
mcg Mesozoic-Cenozoic 

granitoids 
ti Neogene intrusives 
ti Tertiary intrusives 
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notes 

Carboniferous, Ambo continental, Tarma marine, 
S Ecuador, Peru, N Bolivia (includes c assm. to 
N) 
Upper Permian, possibly Lower Triassic?, Peru 

Lower Permian, Peru-Bolivia (within gn to N) 
Carboniferous, fluvio-glacial (base), redbeds 

Upper Triassic-Lower Jurassic, marine lms, N 
Peru 
Lower Jurassic, S Ecuador, Peru 
minor Upper Jurassic, Cretaceous, marine, thick 
on margin, Peru 
Upper Triassic, Jurassic, partly marine are, S 
Peru, N Chile 
Upper Permian-Triassic, marls, evaporites, 
Bolivia 
Upper Cretaceous-Lower Tertiary, redbeds 
common, Peru 
Upper Cretaceous-Paleogene, redbeds, Peru 

Upper Cretaceous, Bolivia 
Upper Cretaceous-Paleocene, marine levels, 
redbeds, Bolivia 
Lower-mid-Cretaceous, arc and back-arc, N 
Chile 
Oligocene-Miocene, arc rocks, Peru 
upper Oligocene-Neogene, Bolivia, N Arg (= ktc 
in part to N) 
throughout most of Andes 

granites, Triassic, some may be upper Paleozoic, 
S Peru-N Bolivia 
arc plutons, S Peru, N to central Chile 
Coastal batholith, arc, mid Cret.-Lower Tert., 
Peru 
mid-upper Miocene plutons, Peru 
upper Oligocene-early Miocene plutons, Bolivia 
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Overlap assemblages (southern Andes) 
Assemblage Assemblage name or notes 

code EYPe 

dt Toco turbidites Devonian, apparent overlap on AQ, maybe on 
CH (see CHdt) 

sd Silurian-Devonian clastic pre-Carbo (Devonian?), s1. meta. in places, N 
Chile 

ch Choiyoi silicic volcanic Carboniferous-Permian, widespread, Chile, 
rocks Argentina 

cp marine clastic rocks (cpm) Carbo (permian?), back-arc marine basin, 
Argentina 

g Paganzo redbeds (gp) Pennian, Triassic, continental clastics, Argentina 
jn Negra-Chocolate volcanic Upper Triassic, Jurassic, partly marine are, S 

rocks Peru, N Chile 
jm marine back-arc rocks Jurassic, limestone and clastics, Chile, Argentina 
trv Triassic volcanic rocks Also includes lacustrine basins, marine rocks, 

Chile 
kmv marine & volcanic rocks Lower-mid-Cretaceous, arc and back-arc, N 

Chile 
ktv arc volcanic & clastic rocks Upper Cretaceous-Eocene, continental arc, Chile, 

Argentina 
kts Salta group clastics, Lower Cret-Eocene, rift basin, Argentina 

volcanics 
klc Lower Cretaceous clastics continental clastics, Pampean region, Argentina 
kuc continental clastic rocks Upper Cretaceous, Argentina, foreland basin? 
kIm Andico marine back-arc U. Jurassic-L. Cretaceous, Neuquen basin, 

Argentina 
kn Neuquen clastic rocks Upper Cretaceous, Neuquen foreland basin, Arg. 
ns Atacama coarse clastics upper Oligocene-Miocene, fore-arc continental 

rocks, N Chile 
tc continental clastics Eocene, mostly Neogene, foreland basins, N & 

central Argentina 
nv Neogene volcanic arc rocks throughout most of Andes 
t Tepuel (tp) clastics Carb., continental & marine, fore-arc, N 

Patagonia 
cp Panguipulli (cpp) clastics Carb.-Perm., fine-grained, fore-arc, S Chile 
jt Taquetren volcanic rocks Lower Jurassic, are, N Patagonia, S Argentina 
j1 marine rocks Lower Jurassic, fore-arc?, N Patagonia, S 

Argentina 
jlc continental rocks Lower Jurassic, central Patagonia, S Argentina 
jp Lago La Plata arc rocks Upper Jurassic, andesitic volcanic rocks, 

Patagonia 
tb Tobifera silicic extrusives Upper Jurassic, extensional event, (includes 

Chon Aike & Quemado Fms), Patagonia, S 
Argentina 

kc continental clastics Cretaceous, volcanic component, Patagonia 
kd Divisadero volcanics mid-Cretaceous, arc, Patagonia 
kcq Coyhaique marine rocks Lower Cretaceous, rme clastics, lms, Patagonia 



ky Yaghan clastics 

st Sarmiento-Tortuga basalts 

tm Tertiary marine deposits 
pb plateau basalts 
tsl Salamanca marine rocks 
tp Patagoniano marine rocks 

nsc Santa Cruz clastics 
tt Turbio deltaic deposits 
nm Neogene marine rocks 
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Uppermost Jurassic-Lower Cretaceous, marine, 
back-arc, volcanic part, S Patagonia 
chiefly Neocomian, extensional back-arc, S 
Patagonia 
primarily Neogene, coastal basins, S Chile 
Uppermost Cretaceous-Pleistocene, Patagonia 
Paleocene, Atlantic transgression, Patagonia 
Oligocene-Miocene, Atlantic transgression, 
Patagonia 
Neogene, foreland basin, Patagonia, S Argentina 
Paleogene, S Patagonia 
Neogene, Tierra del Fuego 

Intrusive assemblages (southern Andes) 
di Pampean intrusives Devonian in part (see SAi), central Argentina 
cpi Carboniferous-Pennian arc and post-arc, Chile-Argentina 

pi 
ci 
jki 

ji 
kti 

ji 
ki 

ti 

plutons 
Pennian intrusives 
Carboniferous intrusives 
Jurassic-Cretaceous 
intrusives 
Jurassic intrusives 
Cretaceous-Tertiary 
intrusives 
Lower Jurassic intrusives 
Patagonian batholith 

Tertiary intrusives 

related to Choiyoi assm., Chile-Argentina 
arc batholiths, Chile 
Jurassic-Lower Cretaceous arc batholiths, N to 
central Chile 
arc intrusives, N Chile 
Upper Cretaceous-Paleogene plutons, Chile 

arc plutons, N Patagonia, Argentina 
Upper Jurassic-Cretaceous-Tertiary, arc, Chile
Arg. 
Eocene-Oligocene plutons, Chile 
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Figure 3. Precambrian tectonic assemblages (in six sheets, A-F). Units shown include 

either known or probable Precambrian rocks. Some assemblages may also 

include younger parts in which case they are also shown on other time-slice 

assemblage maps. Upper case letters in assemblage labels signify the terrane 

association of the assemblage. Map units described by all lower case letters 

indicates that the unit is an overlap assemblage relative to underlying terranes. 

Intrusive units that stitch terranes are also in lower case. Country boundaries 

are shown in faint gray lines, and the approximate limit of exposed craton is 

shown by a heavy dashed line. Mapping originally compiled over published 

geologic maps of the Andean countries at various scales from 1: 1,000,000 to 

1:2,500,000, then merged into a 1:5,000,000 map of the entire Andean 

Cordillera and vicinity. See Table 1 for a comprehensive key to rock units. 

Also see the text and stratigraphic column figures (labels of rocks units on 

columns are the same as on the maps). 
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Figure 4. Cambrian-Ordovician tectonic assemblages (in six sheets, A-F). Labeling and 

mapping conventions as in Figure 3. 
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Figure 5. Silurian-Devonian tectonic assemblages (in six sheets, A-F). Labeling and 

mapping conventions as in Figure 3. 
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Figure 6. Carboniferous-Permian tectonic assemblages (in six sheets, A-F). Labeling 

and mapping conventions as in Figure 3. 
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Figure 7. Triassic-Jurassic tectonic assemblages (in six sheets, A-F). Labeling and 

mapping conventions as in Figure 3. 
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Figure 8. Cretaceous tectonic assemblages (in six sheets, A-F). Labeling and mapping 

conventions as in Figure 3. 
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Figure 9. Tertiary tectonic assemblages (in six sheets. A-F). Labeling and mapping 

conventions as in Figure 3. 

88 



89 

Figure9A 

78'W 74'W 70'W 66'W 

0' • 

4'5 • 



'"----"',.1 

62'W 

.,----., 
/-./. .....-: .. ; 

Tertiary assemblages 

Legend 

Assemblages 

Gpf _ 

8DU~ 

Figure9B 

500 km 

:'~'~-~""'''''''.~.'/ 
........ ~\.:";:). ....... ~: " /'-

Overlap assemblages 

tr [IJ 

tf roJ/IlIl 

tc (:.:::\:))j 

ktv (s.S::"::;0;1 

90 



91 

8'8 • 

12'8 • 

Figure9C 



~, -,--I 

\ 

........ 
" 

~ 
.. 
; . 

... 

---------- -----~---

.... ~ ... "', 

tm [::::::.j 

te f::?;;::~~:::l 

tI~ 

tv~ 

eoB 

tsWIII 

kte tff:f¥~ 

tv ~ 

nv ~'.:: •• "J 

kts ~:::::::1 

Figure 9D 

ns ~::::;:·1~ , ....... :-. 

kts [::::::::j -. -

tm 

pbU 

tsl_ 

tP~ 

nse~ 

tt ~ 

nm _ 

Intrusive assemblages 

ti r.~,:\''''J 

ti E<:\'~,\:I 

meg f;>,\'~ 

92 



93 

Figure 9E 

36'S· 

40'S· 



94 

) 

Ie"""" J 
) . 

62'W 

. 
58'W 

Figure 9F 



95 

Figure 10. Map of generalized structure in the Andes (in six sheets, A-F). 
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Figure 11. Time-stratigraphic columns, Caribbean Coast ranges terranes, Venezuela. 

The geologic time scale, from Tertiary into Precambrian, is shown on the far 

right of the figure. Each column represents the composite stratigraphy for a 

region, thus all the units may not necessarily be found in succession in a 

single locality. The heavy vertical lines on the right side of each column 

indicate the time extent of the characteristic rocks of a terrane (or nearby 

South American craton). The column on the right of the figure represents the 

stratigraphy for adjacent South American craton. Overlap assemblages are 

displayed as deposited on adjacent terranes or covering a wide region over 

more than one terrane. Intrusive assemblages are represented by boxes on the 

left side of the columns, and they may be characteristic of a particular terrane 

or they may stitch terranes if they are present in adjacent columns. 

Deformational episodes also commonly link terranes, and their lateral extent 

is illustrated. The rock unit labels correspond to the labels explained in 

Figure x (time-slice maps) and Table 1 of all map units. Geographic features 

in the area (transect) of the columns are noted at the top of the figure. 

Generalized rock types of the assemblages are explained in the legend. 
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Figure 12. Time-stratigraphic columns, Merida and Eastern Cordillera terranes, 

Venezuela and Colombia. See Figure 11 caption for explanation of figure 

layout and elements. 
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Figure 13. Time-stratigraphic columns, Baudo, Cauca-Macuchi, Amaime, Zamora and 

Eastern Cordillera terranes, Colombia. See Figure 11 caption for explanation 

of figure layout and elements. 
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Figure 14. Time-stratigraphic columns, Pinon, Cauca-Macuchi and Zamora terranes, 

Ecuador. See Figure 11 caption for explanation of figure layout and 

elements. 
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Figure 15. Time-stratigraphic columns, Amotape and Zamora terranes. See Figure 11 

caption for explanation of figure layout and elements. 

-~- ~-~--~ ---



Time Stratigraphic 
Diagram 

Southern Ecuador
Northern Peru 

.. 4°·6°S 

(;3 plutons 

k" ................. , volcanics 

( ....... j fine-grained 
••••••• clastlcs 

~ carbonates 

~ metamorphic 
~ rocks 

~'II' ~ conlinenta c astlcs 

prn_ marine clastlcs 

major compressional 
r "". deformatlon 

~ unconformity within 
continuous section 

ItJ\I\ftNv uncertain age limit 

ti 

Coaslal region 
SE Ecuador NW Peru 

Cordilleran region 
S Ecuador N Peru 

Sub-Andean 
region 

~~ ~nv. '~'~ ~tYl_. I~ """,t ~:C."; • • 1i-t:],"""I"~"·'~··fIo·:;·· 

l'~~~r"""" 

ji 
b.:.:I. 

·V-rtl;r"""""".J'l 
~AM'W age? 

,-~~-:-. 

I 
? 
I 

A~ 
I 
? 
I 

AMOTAPE 
TERRANE 

I 
? 

z_ 
J 

I 
ZAMORA 
TERRANE 

ji.~. 

•••• gn."".==f 
.~ ••••• io.io.io.io 

SOUTH I I 
AMERICA 

T 

S -
0 

C 

PC ---



Figure 16. Time-stratigraphic columns, Canta terrane, central Peru. See Figure 11 

caption for explanation of figure layout and elements. 
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Figure 17. Time-stratigraphic columns, Arequipa and Puna? terranes, southern Peru and 

Bolivia. See Figure 11 caption for explanation of figure layout and elements. 
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Figure 18. Time-stratigraphic columns, Arequipa and Puna terranes, northern Chile and 

Argentina. See Figure 11 caption for explanation of figure layout and 

elements. 
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Figure 19. Time-stratigraphic columns, Chilenia and Precordillera terranes, central Chile 

and Argentina. See Figure 11 caption for explanation of figure layout and 

elements. 
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Figure 20. Time-stratigraphic columns, Chiloe terrane, northern Patagonia, Argentina 

and Chile. See Figure 11 caption for explanation of figure layout and 

elements. 



West flank Northern 
Time Stratigraphic Northern Patagonian Patagonian 

Diagram Andes nv Andes 
~~ 1!:Z.Jr:!.-'tmt&" I II I~kii~ I;;;;;; JII>, 

Northern Patagonia , (to N) & ki ~ u.. .. ............ k; ............ .. 
... 40°5 (37°·45°5) kt"~ kti ~ ~ .............. ' ............ .. , , , 

& " & " rA~"""'A""'''''kA.l· .... A~ 
, ~ •• A Au... .... 

ki'~ Eikcq~ ki ~'·.kcq ... ·:·:-.-·:·_~ , ::::: , ...... ~. 
" .""r.T"H' " :::::: .... _ .......... ~ 

, , .", .... : A "" Ie "" , ~, :,.:A:J~,.:,.: ... :A 

Northern 
Patagonia 

IImpbDm ['!'tp,i.,.iii.pt,UDD 

Neuquen 
basin 

pb 

II:jili!D ---==b::::::::::~~[]~~:~~ 

.... ""A,. '-... tb," ... AI fA,. .... 
~ plutons 

~I' ~ vocanrcs 
f;,j~: .. :1 

~jl'_ f:]ji 

r::::::-l fine-grained 
clastics 

~ carbonates 

~ metamorphic 
~ rocks 

t:,:·.::~· .. :.:·.::·:J continental clastics 

Rt~t:t~3 coarse continentaJ .~., ... 
clastics 

IIIDIIII plateau basalts 

major compressional 
• I I I I A deformation 

""* unconformity within 
continuous section 

'VW\IVv uncertain age limit 

~""""",. Dfm 

CHILOE 
TERRANE 

ci ~~~:~~~~{{:~~:~~~~~~ 
(to N).:.·.:.·.:;.:.·.:.·.:.·.:.· .. I 

SOUTH 
AMERICA 

cpi~ "Dfm' 

cpi 

"I~ 

" NE-verging deformation 
in Sierras Australes 

to northeast 

SOUTH ~MERICA 

T 

K 

J 

C 

D 

5 

o 

C 

PC 

I-" 
tv 
I-" 



122 

Figure 21. Time-stratigraphic columns, Darwinia and Magallanes terranes, central and 

southern Patagonia, Chile and Argentina. See Figure 11 caption for 

explanation of figure layout and elements. 

~ ~.--------------



Patagonian Andes Patagonian Andes Patagonia Time-Stratigraphic 
Diagram western flank eastern flank pb 

'111111111 Deformation 1111111 ~ 1111111,r:;~;:j:m:}.l:;.).).;t.;::.J9'il!r:.=:.=:. 
ki r:"" r;·::::::::::::::::::::::.~tP~ 

central and southern 
Patagonian region 

... 50S 
(45 to 54 S) 

D plutons 

~ volcanics 

t:::::·:·J fine-grained clastics 

_ carbonates 

~ metamorphic rocks 

~. . 
~ continental clastics 

coarse continental clastics 

_ fine·gralned. deep marine 

~ pilloW basalt. oceanic 

IIIIIIID plateau basalts. continental 

",," major compressional deformation 

I\MMMfv uncertain age limit 

IIIIIOfm 

.n~ 

DARWINIA 
TERRANE 

,,~.. m~;~allllG~i£~'HI~ 
"'-'~ "" "" ,. ....... "" ~ '" "" ,. 
'~ ... itt .... A •• /Ie • ."_ •• "" •• it.".. .• ", A ... "":{.2.l~~~~ " ~~ ~~~i~~rfi~~i~~ i;¥.&~i~'%0%%Mni:~11 
~~ :::"":::~£:~:-~~:~~~~~~~~~~~~-w~~~~~~~ 
~ ... ,. ...... ,.,. ",,"k- A A ... A ...... ""tb "" " A ... A ... "" "" ... "1 

~'-06~..A...A...A..iI.Lu:J'."_"~"r:....::,,~,,~,,_,,~. It. A "" A "" A"""" "" 

Ofm II""" 

MAAAA 
I 
? ~MGu 
I 
JI. 

'VVVVVlI 

MAGALLANES 
TERRANE 

jli E::a ~ 

f;";";"';";";\i~ 

E2I 

tr ·w 

SOUTH 
AMERICA 

T 

K 

J 

Tr 

p 

C 

C 

PC 
..... 
~ 



N present coastline s 

Caribbean islands 
t Caribbean Coastal Range~c foreland ~ 

I ~4@:c~~;G'.:::::::.'':pb;:::> Y,'Y,'~ ABCf.'Y,'Y,'Y,'Y,'Y, 
C;tl';tl';t • • r,l';tl';tl';tl';tl';tl'., A T . ---------------- SA 

E9 0 SA 

CC - Cordillera de la Costa terrane 
TC -Tinaco-Caucagua terrane 
VC - Villa de Cura terrane 
G - Guarico terrane 
SA - South America 
ABC - ABC terrane 

Figure 22. Structural relationships between terranes, Caribbean Coast ranges, 
Venezuela. Shows type of known or probable structural contacts between the 
terranes, and between the craton and the terranes. See text for details about the 
terrane boundaries as well as internal structure of the terranes. Not to scale. 

-~ 



W Central E 
Atrato Western 
basin 

~"6""'y. 

;r.8Dir. 
:t:Y.":Y.":Y.':~ 

Cordillera AE Cordillera Rio 

Yo":~'!:":~ eM ~'!:'!: Yo'!: \\ ~I Cordillera Llanos 
';r. Yo":'!: y y 1: Yo":'!:'!: i~ I E··:==== •••• :i!r .. r..~~C·::-:·:·:·:·:·:·:·::::·~ Yo'Yo'Yo' , 

Na,ca 
.o~ i"& 

~
~ Magdalena Eastern 

A ED 0-,=---~~-~~E9~{ ~ n_? :.:n","n""·:.~ SA I 
(Palestina I BD • Baud6 terrane 

Romeral 
fault zone 

CM - Cauca·Macuchi terrane 

A) 

NW 

Santa Marta 

8) 

Neogene arc assemblages 

80cono 
fault 

fault) 

Figure 23. Structural relationships between terranes, Colombia and 
western Venezuela. See explanation in figure 22 caption. A) Baud6, 
Cauca-Macuchi, Amaime, Zamora, Eastern Cordillera terranes. B) 
Eastern Cordillera and Merida terranes. 

AM - Amaime terrane 
Z - Zamora terrane 
EC - Eastern Cordillera 
SA - South America 

SA 

SE 

CM • Cauca·Macuchi terrane 
EC - Eastern Cordillera terrane 
M • Merida terrane 

SA - South America 

-tv 
VI 



w 

A) 

w 

B) 

Inter-Andean Cordillera Sub-Andean E 
Oriente 

SA 

PN - Pinon terrane 

Neogene arc 
assemblages 

CM - Cauca-Macuchi terrane 
Z - Zamora terrane 

Andean 
Cordillera 

SA - South America 

Figure 24. Structural relationships between terranes, Ecuador and 
northwestern Peru. See explanation in figure 22 caption. A) Pinon, 
Cauca-Macuchi and Zamora terranes. B) Amotape and Zamora 
terranes. 

E 

-N 
0\ 



SW 

A) 

w 
Coastal 

Coastal 
region 

Andean 
Cordillera 

SA 

CT - Canta terrane 

SA - South America 

Sub-Andean 

fold and thrust belt 

SA 

mcg - mid-Cretaceous to Tertiary coastal batholith 

Cordillera Sub-Andean 
Puna/Altiplano Oriental Ranges 

NE 

Chil:/~eru 11 
~~ 

N~ ~/j? 
::··P·A· .. ·:::::::::::::::::::::~ ~ ~. SA 1!fJff:?
:::::::::::: ... -............. ~ .. 9 j/~~~~ --

:::. '::"'a:: - - - - ~ 

. .v~~ , 

B) 

.......... r ...... L ____________ _ 

Zone of Mesozoic·Cenozoic 
arc assemblages 

AQ - Arequipa terrane 

PA· Puna terrane 

SA - South America 

Figure 25. Structural relationships between terranes, Peru, Bolivia, northern Chile 
and northwestern Argentina. See explanation in figure 22 caption. A) Canta 
terrane. B) Arequipa and Puna terranes. 

E 

..... 
~ 



W high E 
Coast Central Andes 

A) 

ranges Valley Precordillera Pampean region 

~~ 1010':'10 A A A A'cpjktA:A: @.::·:~·~c···::::::::.~~:::::~~ /~I 
CE loA A A A A';'~t, A A A \ '::::. ;.:.::::::.~ 

~"'... . ....... :. 
.. 'CH. L SA 

- ? ~--------------------------------------------~ 
Nazca Plate ____ A ~T CE . Chiloe terrane CH • Chilenia terrane 

w 

B) 

PC . Precordillera terrane SA • South America 

cpjkt • Carboniferous to Neogene arc assemblages 

Patagonian 

zone covered by 
Jurassic·Cretaceous 

arc assemblages 

E 
Patagonia 

SA 

ow . Oarwinia terrane 

MG • Magallanes terrane 

SA • South America 

jkt • Patagonian batholith 
(Jurassic to Tertiary ) 

Figure 26. Structural relationships between terranes, central and 
southern Chile and Argentina. See explanation in figure 22 caption. 
A) Chiloe, Chilenia and Precordillera terranes. B) Darwinia and 
Magallanes terranes. -tv 

00 



129 

Figure 27. Early Cambrian paleogeography. Generalized paleogeography on an 

unrestored base of South America. Terrane boundaries (as in Figure 1) 

shown by solid black lines, approximate limit of Andean defonnation shown 

by gray line to west and eastern limit of exposed shield by gray line to east. 

Areas of known Lower Cambrian deposits shown with comments on general 

rock types depositional setting. Terranes with Lower Cambrian rocks also 

shown. Location of the Precordillera terrane in the Early Cambrian unknown 

(see appropriate text section for specifics). 

----------- ----------



. / .f·~"~"·····"'~' 

manne shelf-slope 
(~h.sltst.ss) + 

(!,..,," .. ~,> 

... ~ ..... ~ .... ,.· .. J··l 
:.. .. z.. .. "'.1./.~" ... ~) /j + 

{ •. ,..~ ........... /-, .. ,. 

+ 

+ 

+ 
Precordillera 

+ f'l 
... 

+ 

+ 

Generalized Paleogeography 
Early Cambrian 

130 

- ._-----------



131 

Figure 28. Ordovician paleogeography. See Figure 27 caption for general explanation 

of figure. Rocks shown are Ordovician but may include different parts of the 

Ordovician in each area. There are substantial changes in tectonic setting 

during the Ordovician in certain areas (e.g. transition from an extensional 

basin to a foreland basin in the middle to late Ordovician in northern Chile 

and Argentina, see text and figure 18 for specifics). See Figure 38 for 

paleotectonics in the Late Ordovician. 
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Figure 29. Silurian-Devonian paleogeography. See Figure 27 caption for general 

explanation of figure. D indicates Devonian rocks, S indicates Silurian rocks. 

Devonian rocks unconfonnably overlie Silurian rocks in Colombia. 
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Figure 30. Carboniferous paleogeography. See Figure 27 caption for general 

explanation of figure. Darwinia terrane was fonning in an oceanic setting, 

location and position of Amotape unknown, but likely along the margin (see 

appropriate text sections for specifics). 
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Figure 31. Late Penman-Early Triassic paleogeography. See Figure 27 caption for 

general explanation of figure and appropriate text sections for specifics. 
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Figure 32. Late Triassic-Early Jurassic paleogeography. See Figure 27 caption for 

general explanation of figure and appropriate text sections for specifics. 
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Figure 33. Middle-Late Jurassic paleogeography. See Figure 27 caption for general 

explanation of figure and appropriate text sections for specifics. 
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Figure 34. Early Cretaceous paleogeography. See Figure 27 caption for general 

explanation of figure and appropriate text sections for specifics. 
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Figure 35. Late Cretaceous paleogeography. See Figure 27 caption for general 

explanation of figure and appropriate text sections for specifics. 
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Figure 36. Early Tertiary paleogeography. See Figure 27 caption for general 

explanation of figure and appropriate text sections for specifics. 
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Figure 37. Middle Cambrian paleotectonics. Generalized paleotectonics on an 

unrestored base of South America. Terrane boundaries (as in Figure 1) 

shown by solid black lines, approximate limit of Andean defonnation shown 

by gray line to west and eastern limit of exposed shield by gray line to east. 

Figure displays areas of known Middle Cambrian defonnation and/or 

metamorphism. See appropriate text sections for details. 



150 

Middle Cambrian 
paleotecto nics 

+ 

+ 

+ 

+ 

+ 

+ 

... 



Figure 38. Late Ordovician paleotectonics. See Figure 37 caption for general 

explanation of figure and appropriate text sections for details. Figure 

displays areas of known Ordovician tectonism (predominantly Late, but 

Middle Ordovician tectonism also affected certain areas). 
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Figure 39. Late Devonian-Early Carboniferous paleotectonics. See Figure 37 caption 

for general explanation of figure and appropriate text sections for details. 
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scattered Precambrian outcrops are often based on broadly similar dates. Radiometric 

dates of 900-1100 Ma (-Grenvillian) and around 600 Ma dates are fairly common from 

Precambrian assemblages of Andean terranes as well as Precambrian assemblages from 

parts of the eastern Andes that are here considered part of South America craton. The 

radiometric dating is generally not that extensive in the metamorphic rocks of the Andes, 

and the geological meaning of the dates is just beginning to be deciphered. 

Northern Andes 

The Garz6n massif (Figure 3 & 12) in southern Colombia consists of granulites, 

gneisses, schists, and amphibolites, with radiometric dates of approximately 1100 Ma 

(Kroonenberg, 1982) and 1600 Ma? (Priem et al., 1989). Extensions of these 

Precambrian rocks are present to the south just into Ecuador (granulite), and in the 

Macarena uplift to the east in the foreland (schists and gneisses) (SApc assemblage). The 

adjacent Eastern Cordillera terrane also contains a metamorphic assemblage that yields 

Precambrian dates in the Santander region (Bucaramanga gneiss, 945 ± 40 Ma KlAr 

hornblende, Goldsmith et al .• 1971) and in the Santa Marta range (940 ± 30 Ma KlAr 

hornblende from gneiss, Tschanz et al., 1974, see also MacDonald and Hurley, 1969) 

(ECpc assemblage). The few KI Ar and Rb/Sr Precambrian dates in Colombia. all of 

variable quality and significance, hint at a possible connection between the parts of 

Colombia in the Precambrian. The Merida terrane in Venezuela has a Precambrian history 

also, with intrusions around 585-600 Ma, and a latest Precambrian or earliest Paleozoic 

metamorphism constrained to pre-Late Ordovician by overlying fossiliferous sedimentary 

rocks (Burkley, 1976, cited in Gonzalez de Juana et al., 1980; Gonzalez de Juana et al., 

1980). The differences or apparent differences in the lower Paleozoic tectonics of all these 

areas makes it appropriate to consider the blocks terranes, because their initial relations are 

a matter of speculative interpretation. 
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Central Andes 

In several areas of the eastern Andes of Peru, metamorphic basement (SApc 

assemblage) is nonconformably overlain by weakly to moderately metamorphosed lower 

to mid-Paleozoic sedimentary assemblages (SAe assemblages) (Figures 3, 16). 

Radiometric dates from the metamorphic basement include a 630 ± 50 Ma U/Pb on zircon 

from central Peru and 1100 ± 50 Ma U/Pb on zircon from south-central Peru (Lancelot, et 

al., 1976 cited in Megard, 1978; but Martinez, 1980 cites slightly different numbers). 

South of the Pichiari massif in Peru, which gave the 1100 Ma date, no sure Precambrian is 

exposed within the eastern Andes in southern Peru and Bolivia until very near the border 

with Argentina. Paleozoic assemblages, in large part of Ordovician and Devonian age, 

account for nearly all of the exposure in this part of the eastern Andes. In southernmost 

Bolivia and northern Argentina, the Paleozoic assemblages were deposited on the very low 

to low grade latest Precambrian-early Cambrian Puncoviscana (SApv) assemblage 

(Figures 3, 4, 18) (Acefiolaza et al., 1988; Jezek and Miller, 1987; Jezek et al., 1985). 

The shield area of the Amazon craton in eastern Bolivia has experienced a complex and 

long Precambrian history, with the last tectonic event at 500-540 Ma by KlAr dating 

(Litherland et al., 1986; Litherland et al., 1985). A sedimentary assemblage (SAtv), the 

Tucavaca and Boqui groups, fringes the shield on the south (Figure 17). These groups 

include arkosic sandstone, conglomerate, limestone, siltstone and shale generally of 

shallow marine to subaerial aspect The age is not well-established, but it appears to be 

latest Precambrian based on stromatolites (see Litherland et al., 1986 for a discussion of 

all age information), although it has also been correlated to Cambrian-Ordovician groups 

in Brazil (L6pez-Paulsen, 1982). This assemblage, phyllitic and slaty in part, has been 

folded and thrust southward by a Middle Cambrian tectonic episode. This last Brasiliano 

event trends approximately E-W along the southern edge of the shield in Bolivia, at a high 

angle to the Andean trend. 
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Southern Andes 

The oldest rocks in northern Argentina are the uppennost Precambrian-Lower 

Cambrian Puncoviscana (see Vendian-Lower Cambrian section below). Older 

Precambrian metamorphic rocks (SApm assemblage) are exposed in the Pampean ranges 

in central Argentina. Radiometric dates (KIAr and RblSr methods) for the higher grade 

rocks of the Pampean region generally fall between 650 and 900 Ma, with some dates as 

old as 1800 Ma (dates cited by Caminos et al., 1982; Ramos et al., 1986). The reliability 

and geological meaning of these dates is difficult to ascertain, in part because original 

references to these dates are difficult to find These Precambrian rocks are 

metamorphosed up to granulite facies in some parts of the eastern Pampean ranges, and 

they include ultramafic to mafic bodies. Small, isolated outcrops of metamorphic rocks 

that may be Precambrian are present on the east of the Andes to the south of the Pampean 

ranges. The Tandilia ranges (Northern Buenos Aires hills), near the Atlantic coast south 

of Buenos Aires, had a complex Precambrian history with dates as old as 2200 Ma, and 

there is a sedimentary cover of late Proterozoic and Ordovician age (SAt assemblage) 

(Cingolani and Bonhomme, 1982; Teruggi and Kilmurray, 1980). Precambrian rocks are 

also present in the north Patagonian massif (Figure 20) (SAnp assemblage), as determined 

by a whole rock Rb/Srisochron of 119016 Ma from 11 samples spread over 100 km 

(Linares et al., 1988). Samples from more local areas yielded other RblSr dates of 

63025 Ma and 61526 Ma (Linares et al., 1988). No dated Precambrian is known south 

of the north Patagonian massif on South America, although there are some very small 

areas of exposure of undated metamorphic rocks (SAnp) that may be Precambrian. These 

rocks are generally only constrained to pre-late Paleozoic or pre-Mesozoic by field 

relations. The Cape Meredith complex (MVcm or SAcm assemblage) in the Falkland 

Islands has also yielded Precambrian dates of 977 40 Ma KJ Ar on hornblende from an 

amphibolite and 953 30 Ma KJAr on biotite from a gneiss (Rex and Tanner, 1982). 
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The initial relationships between all these isolated areas of Precambrian rocks are 

unknown and in this synthesis the distribution of lower Paleozoic assemblages is used to 

suggest which of the Precambrian rocks in the Andean or near-Andean realm were part of 

South American basement by the end of the Brasiliano orogeny. 

Vendian-Lower Cambrian assemblage 

The Puncoviscana assemblage (SApv) is the only assemblage on South American 

basement in or near the Andean region that definitely falls in this age range (Figures 3, 

18). It extends from southernmost Bolivia south into the Pampean ranges in central 

Argentina. Trace fossils indicate a latest Precambrian-Early Cambrian age (Aceiiolaza and 

Miller, 1982; Acefiolaza et al., 1988). Radiometric dating on several plutons that intrude 

the Puncoviscana are Middle Cambrian, confmning the age (UlPb zircon 536 Ma and 535 

Ma on Santa Rosa de Tastil intrusive complex, and 519 Ma on Caiiani intrusive complex, 

errors not listed, Bachmann et al., 1987). The Puncoviscana is a thick continental slope 

assemblage of turbidite clastics with occasional carbonates and rare lavas (Aceiiolaza et al., 

1988; Jezek et al., 1985). Its thickness is not known precisely due to later deformation, 

but it is apparently a thick sequence, probably several thousand meters. It is interpreted as 

a passive margin continental slope assemblage, indicating a rifting (crustal thinning) event 

in latest Precambrian-Early Cambrian along the Andean margin in northern Argentina. 

Paleocurrents are from the east, and sandstone composition shows that it was derived 

from a recycled orogenic province (Jezek and Miller, 1987; Jezek et al., 1985). The 

Puncoviscana assemblage was deformed and regionally metamorphosed in the Early to 

Middle Cambrian (see Rb/Sr dates reported by Bachmann and Grauert, 1987a; Bachmann 

and Grauert, 1987b; Kntiver and Miller, 1981), and intruded by several Middle to Upper 

Cambrian intrusions (SAi assemblage in part). It was metamorphosed only to very low 

grade in northernmost Argentina, but increases to low grade in the Pampean ranges of 

central Argentina (Aceiiolaza et al., 1988; Willner, 1987; Willner et al., 1987). The 
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tectonic episode is constrained by the overlapping uppennost Cambrian Meson group 

which is not affected by the defonnation and regional metamorphism seen in the 

Puncoviscana assemblage. Radiometric dating of the metamorphosed Puncoviscana is 

consistent with the stratigraphic constraints over a larger area than where the stratigraphic 

constraints are present (Bachmann and Grauert, 1987a; Bachmann and Grauert, 1987b; 

Kniiver and Miller, 1981). The Early-Middle Cambrian event in northwestern Argentina 

apparently correlates with the last tectonic episode that affected the fringe of the shield in 

eastern Bolivia, and it may have extended from northern Argentina up into eastern Bolivia 

Upper Cambrian-Ordovician assemblages 

General statement 

The oldest widespread sedimentary assemblage in much of the Andes is commonly 

an Upper Cambrian to Lower Ordovician marine clastic sequence (Figures 4, 12, 13, 17, 

18), deposited on Precambrian basement in the northern Andes but without exposed 

basement in much of the central Andes. These assemblages have an Andean trend in the 

northern and central Andes. In the southern Andes, south of Puncoviscana assemblage 

outcrop area in northern Argentina, Cambrian-Ordovician cratonic assemblages are 

primarily magmatic and metamorphic, and the oldest sedimentary assemblages are upper 

Paleozoic. The Tandilia ranges in the extra-Andean area in Argentina have an upper 

Proterozoic and Cambrian?-Ordovician sedimentary cover. 

Northern Andes 

In northern South America, the metamorphosed Precambrian basement is first 

overlain by Middle Cambrian to Lower and Middle Ordovician fine-grained clastics 

(Guejar assemblage, SAgj or SAg) (Figures 4,12) (BUrgI, 1973; Irving, 1975; Mojica 

and Villarroel, 1990; Trumpy, 1943). This assemblage is interpreted as shelf to slope 

deposits fringing the edge of the continent at that time. It is present in the subsurface in 

the Llanos basin in Colombia and into the subsurface in Venezuela (Feo-Codecido et aI., 
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1984). On the eastern side of the Central Cordillera there is a locality where Ordovician 

graptolites have been found in weakly metamorphosed shales (here within Eastern 

Cordillera terrane) (Irving, 1975; Mojica and Villarroel, 1990). These rocks are similar in 

type, age and environment of deposition to the Guejar series, and perhaps should be part 

of this assemblage. The section at this locality suggests a linkage between the Eastern 

Cordillera terrane and South America, unless later strike-slip moved part of the Central 

Cordillera from the south, possibly from the Garz6n region where there are other 

exposures of the Guejar assmblage, to its present position outboard of the Eastern 

Cordillera. H the Eastern Cordillera is considered a terrane, then the Quetame, Silgara, 

and oldest Perija rocks, that all may include Cambrian-Ordovician rocks in part, are of 

course not cratonic assemblages. However, if a Middle-Late Ordovician tectonic event 

links the Eastern Cordillera with the craton, as suggested by scarce radiometric dates 

(Boinet et al., 1985; Etayo-Serna and others, 1986; Irving, 1975), then these rocks may 

be part of this same continental shelf-slope clastic assemblage. 

Central Andes 

In most of the central Andes the oldest sedimentary assemblage is the Ordovician 

"mud pile" (SAmp) (Figures 4, 17,18). The "mud pile" is a thick (1000's of meters) 

clastic sequence, predominantly mudstone and siltstone, with some sandstone, that is 

interpreted as indicating rifting or stretching of the crust, at least by its lower part, and 

perhaps the fonnation of a continental margin. No Precambrian basement is known to be 

depositionally under it through most of southern Peru and Bolivia. In one small area of 

central Bolivia, a package of anhydrite overlain by shale and sandstone in tum overlain by 

conglomerate (Limbo group, SAl assemblage) is structurally under the "mud pile" 

assemblage, and is likely older (Lohmann, 1970). In northern Argentina, the Mes6n 

sandstone is the fIrst sedimentary assemblage depositionally on the defonned and 

metamorphosed Puncoviscana (Mingramm et al., 1979; Turner and Mon, 1979). The 
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Ordovician "mud pile" follows on the uppennost Cambrian-Iowennost Ordovician Mes6n 

Group with only slight unconfonnity, and hence both these units are included in the "mud 

pile" assemblage. The "mud pile" assemblage is in general well-dated by graptolites and 

other fossils (Ahlfeld and Branisa, 1960; Mingramm et al., 1979; Pareja L. et al., 1978; 

Turner and Mon, 1979). Its age range is Tremadocian to Caradocian in northern 

Argentina and southernmost Bolivia, but the age range is more restricted (Arenigian to 

Caradocian) to the north. The "mud pile" assemblage changes, in northern Argentina, 

from a platfonn sequence with some carbonates on the east to a distal deeper water facies 

of mostly mudstone and siltstone on the west. The Ordovician shales in the Puna terrane 

are generally considered the distal equivalent of the "mud pile" (Coira et al., 1982; Turner 

and Mendez, 1979; Turner and Mon, 1979). The Silurian section overlies different parts 

of the "mud pile" disconfonnably in cratonal northern Argentina and Bolivia (Ahlfeld and 

Branisa, 1960; Mingramm et aI., 1979; Turner and Mon, 1979). 

The Excelsior group (SAe assemblage) in central Peru is also a thick sandstone, 

siltstone and shale sequence, defonned and weakly metamorphosed, and may be the 

northern continuation of the "mud pile" in part. It is slightly different from the "mud pile" 

in that there is known higher-grade meta-basement apparently depositionally under the 

Excelsior in central Peru (Megard, 1978). The Excelsior is not dated directly in large areas 

of central Peru, but is between Precambrian and upper Paleozoic rocks, and probably 

contains at least Ordovician, Silurian and Devonian parts as is known in southern Peru 

(Clark et al., 1983; Laubacheret al., 1982; Laubacher and Megard, 1985). In a small 

uplift well east into the foreland, Ordovician shales are also exposed (Newell and Tafur, 

1944). Also, note that one of the primary times of subsidence in the Amazonas rift, an 

east-west rift along the Amazon river between the shields to north and south, is Ordovician 

(Nunn and Aires, 1986). 
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Southern Andes 

The "mud pile" and Mes6n group disappear to the south in the Pampean region of 

northern Argentina. In the Pampean ranges, there is a calc-alkaline plutonic assemblage of 

predominantly Middle to Late Ordovician age (Ramos et al., 1986; Rapela et al., 1982). 

The plutons in this region and in northernmost Argentina range in age from Middle 

Cambrian to Devonian, and all are grouped here as one assemblage (SAi) due to the fact 

that only some of them are actually well-dated (most dating has been KlAr and RblSr, with 

only some U/Pb dates), and they are undivided on the base maps. There appear to be 

several distinct magmatic episodes in this group of plutons; a Middle Cambrian episode 

known especially in northernmost Argentina (Bachmann et al., 1987; Lork et al., 1989) 

(see discussion above under Puncoviscana assemblage), a predominantly Middle and Late 

Ordovician calc-alkaline episode in the Pampean region and to the north, known also in the 

Puna terrane, and a post-tectonic episode with ages up to 340 Ma (Lower Carboniferous) 

(Caminos, 1979b; Caminos et al., 1982; Halpern, 1978; McBride et al., 1976; Ramos et 

al., 1986; Rapela et al., 1982). There does not seem to be great agreement on the actual 

peaks, although the Ordovician magmatism is well-established, and post-tectonic 

magmatism appears to cover a wide range of time. The dating of these intrusives is 

improving, but better definition of the plutonism here will come with more and better 

dating. The Ordovician magmatic and tectonothermal episode has also been established 

south of the Pampean ranges into the older basement of the North Patagonia massif 

(440 20 Ma 10 sample RblSr isochron on tonalite, and other not so well-defined RblSr 

'errorchrons' from 420 to 490 Ma, Linares et al., 1988). In the northern part of the 

Pampean ranges next to the Puna terrane, Ordovician volcanic rocks are known in the 

Famatina range (de Alba, 1979; de Alba, 1980). Ordovician volcanic rocks are also 

known to the south of the Pampean ranges, east of the Andes in the Bloque de San Rafael 

(Criado Roque and Ibanez, 1979). These volcanics are mapped as a separate assemblage 
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(SAf or SAfm), remnants of the extrusive expression of the major intrusive episode in the 

Pampean area. In the northern Buenos Aires hills, a basic dike that yielded a 450-490 Ma 

K/Ardate intrudes an orthoquartzite section (Rapela et al., 1974). Trace fossils within this 

section suggest a Cambrian?-Early Ordovician age (Cingolani and Bonhomme, 1982; 

Teruggi and Kilmurray, 1980). 

Silurian-Devonian assemblages 

General statement 

The only dated Silurian rocks known in the northern Andes are in the Merida and 

Eastern Cordillera terranes (Figure 5). Silurian marine, glacial-marine and glacial-fluvial 

assemblages are present in the central Andes (from southern Peru to northern Argentina). 

There may be a few Silurian plutons in the Pampean ranges but the dating is not sufficient 

to be sure. There are Silurian shales in the Precordillera terrane, and deformation on the 

east side of the Precordillera may be Late Silurian as shown by a melange that includes 

blocks as young as Silurian (Ramos et al., 1986). Shallow marine Silurian rocks are also 

present in the shield area of Bolivia and the eastern side of the northern Patagonian uplift. 

Devonian marine rocks are common in the northern Andes on various parts of the 

Eastern Cordillera terrane as well as on cratonic areas, and they record a general marine 

transgression-regression onto the northwestern comer of South America. These rocks tie 

the Eastern Cordillera terrane to the craton by late Early Devonian, and may even overlap 

onto the metamorphic rocks of Zamora terrane (!man Fm, see Forero S., 1973). 

Devonian shallow marine rocks extend into Ecuador east of the high Andes, and they are 

also common in much of the Andes of Peru. In the coastal regions of northern Chile, 

Devonian turbidites are widespread, and these sections may be overlap assemblages onto 

the Arequipa and Chilenia terranes. In the central Andes, extending from Peru through 

Bolivia, there is a thick Devonian marine sequence of distinctive micaceous sandstone and 

:fmer-grained clastics. A thin marine equivalent of this Devonian section is also found on 

- ... _ ..... __ .-._------
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the shield in Bolivia. The marine Devonian of the central Andes extends into northern 

Argentina. The Precordillera terrane in central Argentina contains a thick deltaic to marine 

Devonian clastic section, and marine Devonian quartzites are depositionally on continental 

platforms in other localities in southern South America, including the Bloque de San 

Rafael, Sierra de la Ventana and Falkland Islands. 

Northern Andes 

Silurian rocks in the Colombian Andes are assemblages of the Eastern Cordillera 

terrane, and Silurian rocks in the Venezuelan Andes are part of the Merida terrane, so they 

are discussed in more detail below in the sections on the assemblages of those terranes. 

There are undated, weakly metamorphosed clastic sections underlying Devonian rocks in a 

few places (e.g. Perija range) that could be Silurian, or alternatively they may be part of 

the Ordovician assemblages. No Silurian rocks have been documented from the cratonic 

areas of northwestern South America. 

The Devonian rocks in the northern Andes record a marine transgression

regression onto the continental platform (f assemblage) (Figures 5, 11, 12, 13) (BUrgI, 

1973; Irving, 1975). They typically consist of a basal conglomerate overlain by sandstone 

and then by gray to black shales, although there are a few limestones at some localities 

(Estrada M., 1972; Etayo-Serna and others, 1986). These Lower (Emsian) to Upper 

Devonian rocks (Forero, 1986) are present in the Santa Marta, Perija, Santander-Floresta, 

and Quetame regions of the Eastern Cordillera terrane, and on the flanks of the Garz6n 

massif. They link all these regions to South America at this time, although later tectonic 

activity (Gondwana-Laurentia collision and Andean Orogeny) has somewhat shuffled the 

various blocks of northwestern South America. A similar Devonian section (lman 

Formation) is also known on the metamorphic rocks of the Zamora terrane on the eastern 

side of the Central Cordillera (Forero S., 1973). This fossiliferous section may also link 

the Central Cordillera to the continent by the Devonian, presuming that it is definitely 
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depositional (not in fault contact) on the metamorphic rocks of the Central Cordillera, and 

also assuming that it securely correlates with the other nearby Devonian rocks in the 

Garzon area as they do not physically overlap the boundary. Devonian-Lower 

Carboniferous marine argillite with sandstone (SAd assemblage) (Figures 14, 15), 

exposed in a foreland uplift in southern Ecuador (Canfield et al., 1982; Kennerley, 1980; 

Tschopp, 1953), suggests that the general marine flooding of the northern Andes may 

have also occurred along the Pacific margin south through Ecuador and into the central 

Andes. 

In the Venezuelan Andes (Merida terrane), no Devonian sedimentary section is 

present, but there are a few plutons that yielded Devonian radiometric dates (U/Pb and 

KlAr) (Burkley, 1976; GonzaIez de Juana et aI., 1980). There may also be a Devonian 

granitoid in the Perija range, although the dating is uncertain. This plutonic assemblage in 

the Venezuelan Andes is discussed further as part of the Merida terrane. 

The Paleozoic succession of cratonic regions and the Eastern Cordillera terrane in 

Colombia, along with few radiometric dates, record one and may at least suggest a second 

tectonic event between the low grade, regionally metamorphosed Ordovician and 

unmetamorphosed Devonian sections. Regionally, there is an unconformity between 

Ordovician and Devonian rocks, and this relationship is present on cratonic areas of 

northwestern South America. A few KI Ar and RblSr dates from syenite in the foreland 

region east of the Andes fall in the Ordovician, suggesting an Ordovician tectonothermal 

event in the craton (pinson, et al., 1962). A clear relationship between dated Ordovician 

and Silurian rocks has not been yet described, and radiometric dating that could establish 

this tectonothermal event in northwestern South America is meager. An unconformable 

relationship between strongly deformed and weakly metamorphosed Silurian rocks and 

overlying less-deformed and unmetamorphosed Devonian rocks has now been described 

from the Santander-Floresta region of the Eastern Cordillera terrane (Forero Suarez, 
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1990). and from the Quetame region (may be either Eastern Cordillera or craton) (Grosser 

and Prossl, 1991). The Merida terrane shows a slightly distinct early to middle Paleozoic 

tectonic history as discussed in the Merida terrane section below. 

Central Andes 

Silurian rocks are not documented from central or northern Peru, but they are 

known in southern Peru. The Excelsior Group (SAe assemblage) may include Silurian 

rocks in northern Peru, but no Silurian fossils have been found as yet. In the Eastern 

Cordillera and Subandean region of southern Peru, a diamictite horizon is overlain by 

marine or glacial-marine quartzites, siltstones,and shales (SAsd assemblage in part) 

(Figures 17, 18) (Clark et al., 1983; Laubacher et al., 1982). The basal glacial or glacial

marine diamictite is present in the Cordillera Oriental and Subandean region of Bolivia 

(Ahlfeld and Branisa, 1960; Lohmann, 1970; Pareja L. et al., 1978; Sempere, 1990), and 

south into northern Argentina (Mingramm et al., 1979; Turner and Mon, 1979). It 

generally overlies Ordovician marine clastics and the youngest dated underlying 

Ordovician is usually Caradocian (Laubacher et al., 1982; Sempere, 1990). The 

diamictites are not dated directly, but they lie unconformably (usually paraconformably) on 

Caradocian, and they are overlain without unconformity by fossiliferous Silurian marine 

rocks. The diamictites are inferred to be earliest Silurian based on these relationships, but 

they may be as old as Ashgillian (Caputo and Crowell, 1985; Crowell and Suarez-Soruco, 

1980). Fossiliferous marine Silurian clastics are also known from near Lake Titicaca, but 

no diamictite is present (Laubacher et al., 1982). A small area of slates, phyllites, and 

other deformed and weakly metamorphosed sediments (including diamictite) occurs on the 

Arequipa massif (AQp) (Bellido B. and Simons, 1957; Bellido and Narvaez, 1960). 

These rocks are probable Silurian based on indirect dating. They depositionally overlie the 

Atico igneous complex that has yielded a 440 7 Ma RblSr date, and are intruded by the 



Lower Devonian San Nicolas batholith (-390 Ma) (AQdi) (Mukasa and Henry, 1990; 

Shackleton et al., 1979». 
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In the central Andes, a Devonian marine clastic sequence (sandstone, siltstone, 

shale) makes up part of the Excelsior Group. Lower and Middle Devonian fossils are 

noted by Megard (1978) from part of the Excelsior in central Peru. This marine Devonian 

section is widespread and commonly present into southern Peru, through Bolivia in the 

Altiplano, Eastern Cordillera, and Subandean belt, and on into northern Argentina (SAsd 

assemblage) (Figures 5,17,18). Isaacson (1975) concluded that the Devonian section in 

northern to central Bolivia was sourced from the west, based on grain size and thickness 

arguments, but the primary source region was likely to the east, based on paleocurrent 

measurements by T. Sempere (Butler, 1992, personal communication). Also note that 

there are minor preserved Devonian marine clastics on Arequipa terrane in southern Peru, 

and turbidites in northern Chile, suggesting that the areas west of the main Devonian belt 

in Bolivia were also below sea level at least during part of the Devonian. The source of 

the predominantly shallow marine Devonian in the central Andes was continental as 

indicated by the abundance of quartz sanstone with detrital mica (Isaacson, 1975). A thin 

Devonian section is also present on the flanks of the shield area in eastern Bolivia (SAsh 

assemblage) and it shows faunal and lithological affinity to the Andean Devonian (L6pez

Paulsen et al., 1982). 

Devonian to Early Carboniferous turbidite flysch occurs in scattered areas of 

northern Chile near the coast (dt and CHdt assemblages) (Figure 18). These sections of 

fme to coarse-grained graywackes and pelites have been generally considered Devonian 

based on transported plant fossils known from some places, but in others they apparently 

extend into Lower Carboniferous based on conodonts (Bahlburg et al., 1987; Bell, 1987). 

Some parts of the turbidite sequence, that includes interbedded pillow basalts and tuffs, 

grade westward into more deformed parts (Bahlburg et al., 1987; Bell, 1987). These 
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coastal Chile outcrops are presumed on Arequipa or Chilenia terranes, but the base of the 

sections is not exposed, so this depositional relationship is inferred. Areas of fossiliferous 

Devonian-Lower Carboniferous sandstones are also present east of the coastal range, in 

the Cordon de Lila and Sierra de Almeida (sd assemblage) (Formation Lila & Estratos 

Cerro del Medio) (Bahlburg et al., 1987; Isaacson et al., 1985; Ramirez R. and Gardeweg 

P.,1982). These thick, predominantly sandstone sections were deposited in a shallow 

marine setting, and they grade upward into continental facies in some localities (Bablburg 

et al., 1987). On the Puna terrane just into Argentina there is another small exposure of 

Lower Devonian shallow marine sandstone, siltstone and mudstone (Turner and Mendez, 

1979). 

In most areas, both to the south and north, Devonian sections (Middle to lower 

Upper Devonian in Bolivia and southern Peru) are overlain with strong angular 

unconformity by Lower Carboniferous rocks. The relationships in northern Chile suggest 

that the widespread regional deformation may have been in the Carboniferous, or 

alternatively, the tectonic setting along northern Chile was somewhat distinct than in other 

areas. 

Southern Andes 

No Silurian or Devonian sedimentary rocks are present in the Pampean area. A 

complete Silurian-Devonian sedimentary section is present in the Precordillera, but these 

rocks will be discussed in the Precordillera terrane section. Some post-tectonic plutons in 

the Pampean area are believed Devonian age (di assemblage). The Achala batholith in the 

Sierras de Cordoba is dated at 399 25 Ma by RblSr (9 samples, 0.7048 initial ratio) 

(Rapela et al., 1982). Minor shallow marine Devonian sandstone, phyllite, and "schist" is 

present in the Bloque de San Rafael (SAsd assemblage), and it is weakly metamorphosed 

on the north and unmetamorphosed to the south (Criado Roque and Ibanez, 1979). 

Silurian rocks are not confIrmed in the San Rafael area or to the southeast, although there 
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is one report of a probable Silurian fossil from pelite in this area (Criado Roque and 

Ibanez, 1979). A thick section of fossiliferous marine Lower Devonian quartzites (SAd 

assemblage) is present in the Sierras Australes in Argentina. Equivalent quartzites are also 

well-known in the Falkland Islands (MVsd assemblage) (Du Toit, 1927; Harrington, 

1980). In the Sierras Australes, another sequence of unfossiliferous quartzites 

disconformably underlies the Lower Devonian section, hence are bracketed between Early 

Devonian and the basement of deformed granite with a 575 10 Ma RblSr isochron,and 

may be of Silurian to Early Devonian age (SAs assemblage) (Halpern, 1972, cited in 

Hanington,1980). A small area of Silurian and Devonian rocks is present in northern 

Patagonia on the eastern part of the northern Patagonia uplift (SAs &SAd assemblages) 

(Sierra Grande) (Figure 20). Wenlockian fossils are known from phyllite, and Early 

Devonian fossils are known from disconformably overlying sandstone and siltstone that 

contains some oolitic ironstone horizons (Stipanicic and Methol, 1980). A few small-in

area exposures of metamorphic rocks, including phyllite, quartizte, mica schist, gneiss, 

amphibolite and marble, are present in the Deseado massif in Patagonia that may be 

Silurian or lower Paleozoic to Precambrian (de Giusto et al., 1980). A leucogranite with a 

406 Ma RblSr date intrudes one small exposure of these metamorphic rocks on the west of 

the Deseado massif. These exposures are overlain by Jurassic or younger sedimentary 

rocks. Devonian fossils are known from the terranes on the west of Patagonia (Herve, 

1988), and will be discussed with the terranes (Chiloe & Magallanes terranes). 

Lower Paleozoic terranes and their tectonic assemblages 

The terrane story in much of the Andes, especially in the central and southern 

Andes, is in large part early Paleozoic. These terranes are usually composed of 

Precambrian and/or lower Paleozoic continental basement, or of continental margin 
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assemblages. Continental margin terranes, which indicate the western limit of 'nonnal' 

un stretched continental crust that was part of South America (Gondwana) following the 

Brasiliano events in late Precambrian to Middle Cambrian, include Puna, Precordillera, 

and Zamora terranes. Continental terranes include Arequipa and Chilenia terranes in the 

central and southern Andes to the west of continental margin terranes, and Merida and 

Eastern Cordillera terrranes in the northern Andes which exhibit slight differences, as well 

as they are known to date, with the adjacent craton to the east and south. 

Continental margin terranes 

Puna terrane 

The Puna terrane is composed of two main assemblages; a thick sequence of 

Ordovician flysch with some interbedded mafic and ultramafic rocks (p Ao), and a suite of 

syn- and post-tectonic granitoids that intrude the Ordovician marine shales (Faja 

'eruptiva') (pAfe). The older assemblages seen in the adjacent Cordillera Oriental and 

Subandes in northern Argentina (Upper Cambrian Meson sandstone, Puncoviscana 

metamorphic rocks) abruptly disappear across a large fault, and to the west, no basement 

is exposed beneath the Ordovician shales of the Puna terrane (Amengual et al., 1979; 

BahJburg and Breitk:reuz, 1991). The Puna marine Ordovician turbidite sequence has 

correlatives in the Cordillera Oriental and Subandes, as well as into Bolivia, and it is 

usually interpreted as the distal part of a continent-fringing passive margin sequence or 

alternatively, as deposits of a deep intracratonic basin (Bahlburg, 1991; Bahlburg et aI., 

1988; Coira et al., 1982). This correlation of the Puna Ordovician section with the 

Ordovician section in the Cordillera Oriental and Subandes is probably generally valid, but 

I would like to emphasize the lack of known basement to the Ordovician in the Puna, 

along with the presence of interbedded basalts and some ultramafics, suggesting that the 

Puna terrane Ordovician turbidites were deposited beyond the edge of normal continental 

crust. 

-------- ------------
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Intennediate to silicic volcanic rocks sourced, in part, the Lower-Middle 

Ordovician Coquena Fonnation in westernmost Argentina (western Puna terrane) 

(Bahlburg et al., 1988). Farther west in northern Chile, near the undefined Arequipa

Puna terrane boundary, there is a thick Lower Ordovician section that includes many 

volcaniclastic beds as well as some ash-fall tuffs (Breitkreuz et al., 1989). These and 

other volcanic rocks in northern Chile are interpreted by Balburg and others (Bahlburg, 

1991; Bahlburg et al., 1987) to be products of a continental margin arc with the Puna 

Lower Ordovician section deposited in an extending back-arc basin to the east They 

propose a transition to a foreland basin setting in the Puna, developed in latest Early 

Ordovician into the Middle Ordovician as part of a compressive system, based on the 

thicker Middle Ordovician section in the western Puna. This compressive event 

culminated in the Late Ordovician or Early Silurian folding and uplift of the whole section, 

and syn- to post-tectonic intrusion of anatectic or at least highly crustally-contaminated 

plutons of the 'Faja eruptiva', as suggested by an initial 87Srj86Sr ratio in the Faja 

Eruptiva of 0.710+ (Coira et al., 1982). This interpretation assumes that all the scattered 

Ordovician rocks in northern Chile and Argentina are in approximately their original 

position relative to each other. 

The Puna terrane was accreted to South America in the Late Ordovician or Early 

Silurian as suggested by the defonnation and magmatism at that time that affected adjacent 

South America, Puna and Arequipa terranes. Ramos (1988a) and other authors (Dalziel 

and Forsythe, 1985) previously considered Arequipa terrane initially accreted in latest 

Precambrian or Cambrian, as this timing corresponds with Middle Cambrian defonnation 

of the Puncoviscana and may also correspond with accretion of the Pampean terrane 

(Ramos, 1988a; Ramos, 1988b). In their interpretation, this initial accretion was followed 

by the crustal stretching-rifting that led to subsidence and deposition of the Puna terrane 

turbidites as well as the "mud-pile" assemblage of the central Andes. In some areas the 
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rifting progressed enough that mafic lavas were fonned in parts of the Puna terrane in 

northern Argentina. The fmal accretion of the Puna terrane was in the Late Ordovician to 

Early Silurian (Ocloyic orogeny). 

Precordillera terrane 

The Precordillera stratigraphy begins with a lower Paleozoic passive-margin 

sequence (pcco assemblage) (Figures 4, 5, 19). It is tectonically incompatible with the 

coeval, active margin, calc-alkaline plutonism of the adjacent Pampean region, and hence it 

does not record thennal subsidence of the Pampean margin but is more likely exotic. 

The Precordillera has a thick Lower Cambrian through Lower Ordovician 

carbonate bank on the east, with Upper Cambrian into Ordovician deeper-water shales and 

intercalated basalts to the west. This Cambrian to Lower Ordovician carbonate bank 

records a typical rifted passive margin thennal subsidence (Bond et al., 1984). The 

stratigraphic succession is generally continuous through the Ordovician, Silurian and up 

through the middle Devonian (pCsd assemblage), with some intraformational 

unconformities and variations in sedimentation patterns in the Silurian and Devonian 

(Ramos et al., 1986). The upper part of the section is comprised of marine and deltaic 

clastics. The Devonian section consists of submarine fan facies to the south, and deltaic 

facies to the north and northwest. The sequence in the Precordillera is very similar to the 

stratigraphy in the northern Appalachians as noted by Ramos and others (1986) (A. R. 

Palmer, personal communication, 1989, had also earlier pointed out the faunal and 

lithologic similarity to the northern Appalachians). Other workers have also noted unusual 

faunal similarities to distant localities, including western North American Cambrian and 

Celtic Ordovician (Baldis et al., 1984; Neuman and Harper, 1992), rather than to presently 

adjacent areas of South America. 

Carboniferous Gondwana sedimentary assemblages (cp or cpm, and g or gp ) and 

Choiyoi volcanic rocks ( ch assemblage) overlap onto the Precordillera and surrounding 
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areas, establishing that the Precordillera was definitely accreted by Carboniferous. There 

is also an important defonnation in the Precordillera and surrounding areas in the Late 

Devonian-Early Carboniferous as shown by a strong angular unconformity between the 

lower-middle Paleozoic section and the Gondwana Carboniferous assemblage (Ramos et 

aI., 1986), although Von Gosen (1992) reports that this unconformity is not angular in 

restricted parts of the Precordillera. The Precordillera may have been accreted earlier, as 

suggested by a post-Early Silurian- (Devonian?) fault zone melange (Ramos et al., 1986) 

on its eastern boundary with the Pampean region. The Devonian deltaic assemblage that 

was brought in from the northwest may overlap the Precordillera boundary, but according 

to Ramos and others (1986) this Devonian assemblage is restricted to the Precordillera. 

The Cambrian to Lower Ordovician carbonate bank of the eastern Precordillera is a 

very unusual feature in the early Paleozoic Andean margin. No other lower Paleozoic 

carbonate rift-margin assemblage is known elsewhere in the Andes. Partially coeval 

assemblages are predominantly clastic in northern Argentina and in the northern Andes, 

and tectonic events (magmatism, metamorphism and defonnation) from Bolivia into 

southern Argentina are partially coeval with the deposition of the carbonate bank. Many 

tectonic models for the southern Andes have this assemblage of the Precordillera terrane 

fonning basically in place, but these models leave the outstanding anomaly of the 

Precordillera unexplained. 

Zamora terrane 

The Zamora terrane is composed of poorly dated probable Mesozoic-Paleozoic 

metamorphic rocks and may include Precambrian metamorphic rocks (Zm assemblage) 

(Figures 13, 14, 15) (Aspden and Litherland, 1992; Etayo-Serna and others, 1986; Irving, 

1975; McCourt et al., 1984; Restrepo-Pace, 1991; Toussaint and Restrepo, 1982). These 

metamorphic rocks are generally low to medium grade, and the terrane contains a 

continental sedimentary protolith as well as a more primitive volcanic component (Aspden 
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and Litherland, 1992; Restrepo-Pace, 1991). It extends the length of the Central 

Cordillera in Colombia, south through Ecuador along the Cordillera Real and into northern 

Peru. Metamorphic rocks on the northwestern part of the Santa Marta range as well as 

poorly known continental metamorphic basement on part of the Guajira peninsula may 

also be later-dispersed scraps of Zamora terrane. 

Several younger intrusive and metamorphic events affected Zamora, and this 

clouds the knowledge and interpretation of its earlier depositional and tectonic history. A 

major latest Cretaceous-earliest Tertiary tectonic event affected the Zamora as shown by 

large intrusions (ki assemblage) and many KlAr dates, both in Colombia (Alvarez A., 

1983; Irving, 1975; McCourt et al., 1984) and through Ecuador (Aspden et al., 1992b; 

Aspden and Litherland, 1992; Hall and Calle, 1982). Many Jurassic (190-150 Ma) calc

alkaline plutons (ji assemblage) also intrude the terrane (Alvarez A., 1983; Aspden et al., 

1987; Hall and Calle, 1982; Kennerley, 1980; McCourt et al., 1984). 

The metamorphic assemblages of Zamora terrane in Colombia include graphitic 

schists, quartz-rich sericite-epidote schists, quartzites, marble, arnphibolites, greenstone 

and gneisses. There is an increase in meta-volcanic component to the west (Irving, 1975). 

McCourt and others (1984) noted an arc-like component in southern Colombia, and 

Restrepo-Pace (1991) also identified a primitive arc-like component by trace element 

geochemistry. The age of the protolith is poorly known. McCourt and others (1984) 

suggested a Devonian age for the arc-like component in southern Colombia based on 

limited radiometric dating. In Ecuador, the metamorphic rocks of Zamora terrane are also 

low to medium grade, and continental sedimentary, oceanic and igneous protoliths have 

been identified (Aspden and Litherland, 1992; Kennerley, 1980). The metamorphic rocks 

include gneisses, schists, quartzites, phyllites, as well as an unit of oceanic chert, phyllite, 

basalt, gabbro, and serpentinite (Aspden and Litherland, 1992). Protolith ages are also 

poorly constrained, but some recent fossil evidence suggests Triassic and Middle to Late 



175 

Jurassic ages for two parts of the assemblage (Aspden and Litherland, 1992), and RblSr 

dates on meta-plutons suggest Upper Triassic ages for a suite of S-type meta-plutons. No 

older parts of the metamorphic assemblage have been confmned in the recent work in 

Ecuador, suggesting that there may be substantial differences with the Central Cordillera 

of Colombia. Several parts of the metamorphic assemblage in Ecuador are typically 

overlain by unmetamorphosed Yungilla Formation black turbiditic sandstone, siltstone and 

shale of Maastrichtian age. Subdivisions of the Zamora terrane may be appropriate as 

more data becomes available (see Aspden and Litherland, 1992; Feininger, 1987; 

Litherland and Aspden, 1992 for proposed terranes), but for this compilation Zamora 

terrane consists of the entire metamorphic belt from northern Colombia into northern Peru. 

In southern Colombia, there is an unmetamorphosed fossil-dated Devonian section 

that is said to be on the eastern part of the Central Cordillera metamorphic rocks (Forero 

S., 1973). This Devonian section (Iman Formation) correlates well with the Devonian 

Jagua Formation in the nearby Garzon region in lithology and fauna. The actual contact 

under the Devonian is not clearly visible, but if it is depositional, then it constrains the 

metamorphism in this immediate area to pre-Devonian, and also implies that part of the 

Central Cordillera was accreted pre-Lower Devonian, assuming that the metamorphic 

rocks below the Devonian section are correlatible with some substantial portion of the 

Central Cordillera metamorphic rocks. Others have suggested that much of the 

metamorphism was Late Devonian-Early Carboniferous and/or late Paleozoic based on 

few radiometric dates (Irving, 1975; McCourt et al., 1984). The older deformation and 

regional metamorphism of the Central Cordillera remains to be deciphered by careful field 

work combined with substantial new radiometric dating. 

The Jurassic calc-alkaline plutons that intrude Zamora terrane and adjacent craton 

on the east clearly tie Zamora to South America by Middle-Late Jurassic. Zamora terrane 

rocks experienced a Late Cretaceous tectono-thermal event through Colombia and 
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Ecuador, as demonstrated by abundant Late Cretaceous (85-65 Ma) KlAr dates from both 

Colombia and Ecuador (Alvarez A., 1983; Aspden et al., 1992b; Aspden et al., 1987; Hall 

and Calle, 1982). The apparentlly continuous character of the Zamora terrane 

metamorphic belt was created in large part by these common tectono-thermal episodes, 

hence older significant differences between assemblages are obscured. 

Continental terranes 

These continental terranes are generally characterized by some Precambrian or 

lower Paleozoic basement, often with some Paleozoic stratigraphy, typically 

metamorphosed in part. The identification of Arequipa and Chilenia terranes depended in 

part on the recognition of the inboard continental margin terranes. The continental margin 

terran~s indicate the edge of normal continental crust in the early Paleozoic, so older 

continental material outboard of them must also be terranes. The continental terranes in 

northern South America (Merida and Eastern Cordillera) each have distinct lower 

Paleozoic metamorphic rocks that are not known from the adjacent shield areas. 

Arequipa terrane 

The Arequipa massif is well-known for exposures of Precambrian basement 

(AQpc assemblage) (Figures 17,18) along the coastal region of southern Peru. Several 

groups have done radiometric dating of the metamorphic rocks in the Arequipa terrane, 

and so the older geologic-tectonic history is reasonably well-constrained. 

The oldest rocks are the Mollendo granulite gneisses, Ocofia amphibolite schists, 

and Charcani gneiss. The Mollendo gneisses yield a metamorphic age of -1900 Ma (1811 

39 Ma 5 sample whole rock RblSr isochron by Cobbing and others,1977, recalculated 

to 1875 Ma by Shackleton and others, 1979; 1918 33 Ma 7 sample whole rock RblSr 

isochron by Shackleton and others, 1979: and a 1910 36 Ma U/Pb upper intercept date 

interpreted as the age of granulite metamorphism, Dalmayrac et al., 1980). Arequipa 
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basement rocks yield scattered late Precambrian and early Paleozoic dates, but this part of 

Arequipa history is not yet clear. Dates in this range include: 991 52 Ma preliminary 

RblSr on Charcani gneiss (James and Brooks, 1976, cited by Shackleton, et al, 1979); a 

720 29 Ma U/Pb lower intercept date (Dalmayrac et al., 1980); 679 12 and 642 16 

Ma KlAr dates from gneisses near Arequipa (Stewart et al., 1974). Other dates from 

basement rocks that are grouped here with Arequipa terrane include: 1000 Ma RblSr from 

the Belen schists in northernmost Chile (pacci et al., 1980); -1050 100 Ma RblSr from a 

single sample of weakly foliated granite-gneiss from a borehole in northwest Bolivia 

(Lehmann, 1978); -1200 Ma upper intercept U/Pb dates interpreted as original intrusion 

ages on a migmatite and on a gneiss from the Choja area also in northernmost Chile 

(Damm, et al., 1986 & 1988, cited by Baeza and Pichowiak, 1988). KlAr dates of 525 

20 and 530 30 Ma were recorded on red granite from a borehole in northwest Bolivia 

(525 date reported by Evernden et al., 1977,530 date reported by Lohmann, 1970, 

probably the same date but recalculated?). Shackleton and others (1979) considered that 

the dates from southern Peru between the -1900 Ma dates and the -440 Ma age of their 

well-dated Atico igneous complex are perhaps partial resets of the older event because their 

more extensive geochronology in a large part of southern Peru did not tum up any of these 

dates between -1900 and -440 Ma. However, given the additional dating from northern 

Chile and the Bolivian sample, it appears that there may be an important -1100 Ma 

metamorphism in at least part of the Arequipa terrane, as well as possible latest 

Precambrian-Cambrian activity. 

The next clearly defined event in the Arequipa terrane was during Late Ordovician

earliest Silurian. The Atico igneous complex in southern coastal Peru yielded a 5 sample 

RblSr isochron of 440 7 Ma. The samples included syn-tectonic (substantially 

deformed) to post-tectonic (undefonned) parts of the complex. The igneous activity 

associated with this event was prolonged as shown by the range of levels of deformation, 
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and the complex relationships among the intrusions (see Shackleton and others, 1979 for 

details). Stewart and others (1974) also found KlAr ages of 447 and 395 Ma on biotites 

from two samples of red granite, which was intruded late or post-tectonic to the Atico 

event This granite is the same as the Camana granite, which was one of the samples for 

the 440 Ma isochron by Shackleton and others (1979). Several other - 440 Ma dates have 

been obtained from schists and granites or slightly defonned granitoids in northern Chile 

(Boric P. et al., 1990). This widespread igneous activity and defonnation in late 

Ordovician-early Silurian may be related to the accretion of the Arequipa terrane. There 

are no continous sedimentary overlaps or intrusions that clearly connect the Arequipa 

terrane to adjacent ground at this time, but this tectono-thennal event was widespread in 

Arequipa terrane. This event also affected the Puna terrane to the east where Ordovician 

sediments were folded and intruded by Upper Ordovician-Iowennost Silurian plutons, and 

it is expressed as an unconformity to disconformity farther east in the Subandes. 

Younger Paleozoic assemblages present on the Arequipa massif in Peru include 

Marcona Fonnation low-grade meta-sedimentary rocks (AQp asseemblage), the Upper 

Silurian-Lower Devonian San Nicolas batholith (AQdi) (Mukasa and Henry, 1990), minor 

Middle Devonian marine sedimentary rocks, and upper Paleozoic sections (gn and m 

assemblages) that resemble the Ambo-Tarma and Mitu sections of the Andes (Bellido and 

Narvaez, 1960; Jenks, 1946; Newell, 1946). If the Late Ordovician or earlier was the 

time of accretion, then these units would be considered overlap assemblages, along with 

the post-Ordovician rocks in northern Chile. Clearly, with the extensive coverage of 

Mesozoic and Cenozoic rocks in these ares of the Andes, precise field relations of these 

older sections are not well-known, and the time of accretion remains correspondingly 

interpretive. 
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Chilenia terrane 

Chilenia is a very unusual terrane in that there is almost no characteristic basement 

of this terrane exposed anywhere due to the extensive late Paleozoic, Mesozoic and 

Cenozoic arc activity that has almost totally reworked and buried this older continental 

basement. The existence of Chilenia is inferred based on the Cambrian-Ordovician 

Precordillera assemblages that clearly indicate an ocean or at least some sort of oceanic 

basin (i.e. floored by oceanic crust) on the west of the Precordillera at that time, while 

there are indicators of Precambrian?-Cambrian-Ordovician continental crust within the 

Chilenia terrane presently to the west of the Precordillera (Ramos et al., 1984). These 

continental crust indicators were summarized by Ramos (1986) and include: xenoliths of 

gneisses, .... 430 Ma metamorphic age on La Pampa gneiss, .... 530 Ma ages just southwest of 

Precordillera terrane, high initial 87Srj86Sr ratio in the coastal Carboniferous batholith and 

related meta-sedimentary rocks, and general chemistry of the Carboniferous batholiths that 

indicates formation in continental crust. There are a few small areas of outcrop of middle 

to lower Paleozoic metamorphic rocks in Chilenia (CHm assemblage). The La Pampa 

gneisses are exposed in the Andes directly west of the northern Precordillera. These 

mylonitized gneisses yielded a 415 4 Ma RblSr isochron (Ribba, et al., 1984, cited by 

Ramos et al., 1986, and by Mpodozis M. and Cornejo P., 1988). Southwest of the 

Precordillera in the Andes on the Argentina side, there is another area of metamorphic 

rocks which includes greenschist to amphibolite facies mica schists, quartzites, phyllites, 

marble, and some metamorphosed basic igneous rocks. These rocks yielded a 500 50 

Ma RblSr whole rock date, and a 508 30 Ma KlAr date (reported by Carninos, 1979a). 

Protolith ages for these metamorphic rocks are not known, but they indicate the existence 

of continental crust in the early Paleozoic. 

The boundaries of Chilenia are poorly constrained except where it is limited by the 

Precordillera terrane. The coastal Carboniferous batholith in Chile does not change 
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character to the south, thus it appears as though it must have been emplaced into Chilenia 

crust. Additionally, there are areas with Pampean-like basement rocks in Argentina south 

of the Precordillera, nevertheless, there must be a boundary between Chilenia and South 

America south of the Precordillera. To the north, the Arequipa terrane appears to have 

been accreted by latest Ordovician, but Chilenia and Precordillera terranes are not surely 

overlapped or stitched until Early Carboniferous. So, due partly to this apparent 

difference in timing, there must be a boundary between Arequipa and Chilenia. There are 

few constraints on precisely where this boundary must be placed. 

Eastern Cordillera terrane 

The Eastern Cordillera terrane is characterized by Precambrian metamorphic 

basement (ECpc), with overlying generally low-grade lower Paleozoic meta-sedimentary 

rocks (phyllite, slate, mica schist, and quartz schist) (ECq, ECs assemblages), 

occasionally intruded by gabbroic to granitic igneous and meta-igneous rocks (Figure 12). 

These meta-sedimentary and igneous to meta-igneous rocks are unconfonnably overlain 

by the basal conglomerate of an unmetamorphosed Lower Devonian transgressive

regressive sequence (Forero Suarez, 1990; Irving, 1975). This Devonian overlap 

assemblage (t) is present in the Santander, Floresta, Quetame, Perija regions of the 

Eastern Cordillera terrane (Etayo-Serna and others, 1986), and perhaps also in the Santa 

Marta range where a small area of unmetamorphosed sandstone and black shale underlies 

dated Pennsylvanian limestone (fschanz et al., 1974). It overlaps onto the craton on the 

west and north of the Garz6n massif, as well as apparently on the southern part of the 

Central Cordillera (Forero S., 1973) (although note as previously discussed that this is an 

assumed depositional contact). An undated sandstone section that overlies Cambrian

Ordovician Giiejar series without any noted angular unconformity in the Sierra de La 

Macarena may also be a part of this overlap assemblage. 
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The oldest parts of the Eastern Cordillera are Precambrian Bucaramanga gneiss and 

schist exposed near the Santa Marta-Bucaramanga fault, granulites in the Santa Marta 

range, and other Precambrian metamorphic rocks in the northeastern part of the Central 

Cordillera. Dates on these rocks include: 945 36 KlAr on hornblende from 

Bucaramanga paragneiss, 680 140 Rb/Sr 'Nhole rock from paragneiss in the Santander 

high (Irving, 1975; Kroonenberg, 1982), -1300 Ma & -1400 Ma Rb/Sr whole rock on 

granulites from the Santa Marta range (MacDonald and Hurley, 1969; Tschanz et al., 

1974),940 32 Ma K/Ar on an amphibolite and 752 70 Ma Rb/Sr whole rock on a 

quartz-perthite gneiss from the Los Mongos granulite series, both also from the Santa 

Marta range (fschanz et al., 1974), and a 1250 Ma U/Pb on zircons from a leucogranite 

on the Guajira peninsula which was interpreted as an inherited component in a Paleozoic 

granite (Case and MacDonald, 1973). The Precambrian rocks on the Guajira peninsula 

may also be considered part of the Eastern Cordillera terrane for lack of a better place to 

group this piece of continental crust. All these diverse Precambrian metamorphic rocks are 

grouped here as one assemblage. Radiometric dates of around -950-1200 Ma 

(,Grenville') are common from the Precambrian rocks of the Eastern Cordillera and similar 

dates were also determined from Garz6n massif rocks (Kroonenberg, 1982), thus these 

dates may link the basement of many parts of northwestern South America 

The early Paleozoic history of the Eastern Cordillera is not well-defmed, with 

definitely one and perhaps two pre-Middle Devonian tectono-metamorphic events recorded 

by the scattered outcrop of known or probable early Paleozoic rocks. Several distinct 

units are grouped together as one assemblage (ECq, ECs) on the maps for the purpose of 

display. 

Recent fossil dating on weakly metamorphosed rocks is beginning to define the 

lower Paleozoic geologic-tectonic history of the Eastern Cordillera, and presently suggests 

that its history is somewhat distinct from the adjacent craton. Grosser and Prossl (1991) 
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and Forero Suarez (1990) have established the presence of Silurian rocks in different parts 

of the Eastern Cordillera. The Quetame Group phyllites, quartzitic meta-sandstones and 

meta-siltstones in the southern part of the Eastern Cordillera were previously considered 

Ordovician based on lithological similarity to the Guejar series (BUrgI, 1973; Irving, 

1975). The two units are always in fault contact, so this was not a proven correlation. 

Grosser and Prossl (1991) have identified Silurian microfossils from the Quetame, 

establishing that it is at least in part Silurian. It is strongly folded and very weakly 

metamorphosed, and overlain by less defonned and unmetamorphosed fossiliferous 

Devonian, so the general stratigraphic constraints accord with the Silurian age. Forero 

Suarez (1990) has also succeeded in fossil-dating, by brachiopods, deformed, weakly 

metamorphosed rocks that may be part of what has been mapped as the Silgar.i Formation 

in the Santander uplift in the central part of the Eastern Cordillera. These rocks are also 

overlain, as in the Quetame region, by less-deformed and unmetamorphosed fossiliferous 

Lower Devonian (Emsian) rocks. The relationship in the Santander region of Colombia 

appears to tightly constrain defonnation and metamorphism of the Silurian (Ludlovian) 

rocks to latest Silurian-earliest Devonian (Forero Suarez, 1990). 

Other lower Paleozoic sections that are here grouped in the Eastern Cordillera 

terrane include Ordovician meta-siltstone on the eastern part of the Central Cordillera and 

the Silgara schist. The slightly metamorphosed Ordovician siltstone has been dated by 

graptolites (Botero, 1940 cited in (Irving, 1975». The low to medium grade Silgara 

schist, from a sandstone and sandy shale protolith (Irving, 1975), unconformably overlies 

Precambrian basement (Bucaramanga gneiss) in the central part of the Eastern Cordillera. 

Both are intruded by a syntectonic orthogneiss, and are overlain unconformably by 

unmetamorphosed Devonian marine sedimentary rocks. The Silgara schist is undated 

directly, but is bracketed by underlying Precambrian and overlying Devonian. 

Radiometric dates of 413 30 Ma KlAr on hornblende, and 450 80 Ma Rb/Sr whole 
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rock on the syntectonic orthogneiss (Irving, 1975) could both fit into a latest Silurian

earliest Devonian tectonism, as now apparently constrained by the fossil dated Silurian and 

Devonian sections. 

Previously, the Silgani and the Quetame have been lithologically correlated with 

fossil-dated Ordovician rocks (GUejar and Cristalinas), and there was believed to be an 

important Late Ordovician orogeny in Colombia Regionally, there is still an 

unconformity between Middle Ordovician and Silurian sections, and other radiometric 

dates (471 22 Ma RblSr, 394 23 Ma KlAr, 456 23 Ma KlAr, Boinet et al., 1985 and 

see Etayo-Serna and others, 1986; Forero Suarez, 1990; Irving, 1975 for original 

references) perhaps hint at the possilbility of a Middle-Late Ordovician tectonism. The 

known stratigraphic relations do not rule out the possibility, but neither do they clearly 

confmnit 

Much work remains to be done to sort out the lower Paleozoic tectonic history in 

the Eastern Cordillera and surrounding areas. Recent fossil-dating appears to establish 

that there was an important, and tightly constrained in time, defonnation and 

metamorphism in latest Silurian-earliest Devonian, but there may have been another 

important episode of defonnation and metamorphism in the Middle-Late Ordovician. The 

Mesozoic-Cenozoic tectonics of the region obscure the original relations of the various 

older crustal blocks in the northern Andes, but the Devonian overlap assemblage appears 

to establish a general connection of the Eastern Cordillera terrane to northern South 

America by that time. 

Merida terrane 

Merida terrane includes the Merida (Venezuelan) Andes and the foreland area up to 

the subsurface Apure thrust (Figures 12,23) (Feo-Codecido et aI., 1984). It consists of 

dated Precambrian gneisses and granites, overlain by low-grade metasedimentary 

assemblages that are not dated directly (all grouped into Mbv and Mig assemblages), but 
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are constrained to lower Paleozoic by bracketing granitoids. Early and Middle Ordovician 

granitoids are common (Mi assemblage), and they are overlain by an Upper Ordovician 

and Silurian marine sedimentary assemblage (Mc). These Ordovician and Silurian 

sedimentary rocks are not described as regionally metamorphosed, unlike the Silurian in 

the Eastern Cordillera. Late Silurian through Middle Devonian granites are present in the 

Merida Andes and in the Venezuela part of the Sierra de Perija. Enigmatic upper Paleozoic 

low-grade metasedimentary rocks (Mm assemblage) are also present, always in fault 

contact with the unmetamorphosed Ordovician-Silurian section. The fIrst clear regional 

overlap on the Merida terrane, which connects it with Perija and the Eastern Cordillera, is 

the latest Carboniferous?-Pennian Sabaneta clastic and volcanic rocks (cps, cp, s 

assemblage) (Case et al., 1984; Case et at, 1990; Gonzalez de Juana et al., 1980). 

The Iglesias assemblage (Mig) consists of ortho and paragneisses, migmatites, 

schists, and some amphibolite, overall of substantial sedimentary protolith. It is generally 

amphibolite facies, and is intruded by La Valera gneissic granite, which has an interpreted 

595 40 Ma U/Pb crystallization age based on a lower intercept from discordant rounded 

zircons (Burkley, 1976; see also Gonzalez de Juana et al., 1980, and Kohn et al., 1984 

for geologic details and summary of all dating). The Bella Vista assemblage (Mbv), 

present on the southeast flank of the Merida Andes, is composed of low-grade schists, 

slates, and phyllites, and is always in fault contact with other assemblages. It is intruded 

by the Pedraza gneissic granite with an interpreted U/Pb crystallization age of 585 25 Ma 

(Burkley, 1976). 

Another low-grade, regionally metamorphosed sedimentary sequence apparently 

depositionally overlies the Iglesias complex, although it is usually in fault contact with the 

Iglasias complex (Gonzalez de Juana et al., 1980 mention that in one locality a 

depositional contact is reported). This assemblage, the Tostos-Cerro Azul assemblage 

(mapped with Mig), is unfossilerous, strongly deformed, and is intruded by several 
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granites with Early-Middle Ordovician UlPb ages (Burkley, 1976). Abundant Lower

Middle Ordovician granites are known in the Venezuela Andes, and there are also a few 

UlPb-dated Upper Ordovician and Silurian granites (Burkley, 1976). Fossiliferous 

marine sediments of Late Ordovician and Silurian ages, the Caparo and EI Homo 

Formations (Mc or M assemblage), are depositional on some of the Lower-Middle 

Ordovician granites. These sediments are not regionally metamorphosed (Gonzalez de 

Juana et al., 1980), in contrast to the low-grade metamorphism of the newly discovered 

Silurian in the Eastern Cordillera. There are a few Devonian plutons known in Merida 

terrane and the Perija range, and in places the Caparo and EI Homo Fonnations show 

contact metamorphism. In contrast, Devonian plutons are not known in other parts of the 

Eastern Cordillera in Colombia. 

The Mucuchachi slates and phyllites (Mm assemblage), which are somewhat 

flysch-like in character, are the youngest assemblage characteristic of the Merida terrane, 

and are thought to be Pennsylvanian-lower Permian based on poorly preserved fossils in 

one part of the thick sequence (Gonz:ilez de Juana et al., 1980). The age and especially 

the stratigraphic position of the Mucucachi is not yet completely agreed upon by geologists 

that have worked in the area (Case et al., 1990; Gonz:ilez de Juana et al., 1980). The best 

evidence for the age is the suite of poorly preserved fossils. If the late Paleozoic age of the 

Mucucachi is correct, tile Mucucachi Formation must always be in fault contact with the 

underlying unmetamorphosed Caparo-EI Homo, because the younger Mucucachi is 

regionally metamorphosed and the older Caparo-EI Homo is not metamorphosed. The 

Mucucachi is generally mapped everywhere in fault contact with the Caparo-EI Homo, but 

there still seems to be much disagreement about the contact relations both above and 

below. The relationship of younger metamorphosed Mucucachi assemblage in fault 

contact with the older unmetamorphosed Caparo-EI Homo assemblage suggests that the 

Mucucachi should be considered a separate terrane. Here, I group the Mucucachi with the 
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Merida terrane for now, due to all the uncertainty with ages and contact relationships of 

these units. Many of the plutonic rocks in the Merida terrane have yielded Late Paleozoic 

KlAr and Rb/Sr reset dates (Kohn et al., 1984), corresponding to the metamorphism of 

the Mucucachi assemblage and the weak metamorphism to the northwest of the Permian 

overlap assemblage. 

The first overlap assemblage that clearly connects the Merida terrane to adjacent 

areas (Eastern Cordillera & Perija range) is the Upper Carboniferous?-Permian Sabaneta 

and Palmarito Fonnations (cps, cp, s asesmblage). The overlap sequence usually begins 

with a basal conglomerate and coarse-grained sandstones, and typically fines upward and 

is overlain conformably by the Palmarito limestone (GonzaIez de Juana et al., 1980). 

Very weak metamorphism of the Sabenta and Palmarito Formations has been noted on the 

northwest flank of the Venezuela Andes, dying out to the southeast (GonzaIez de Juana et 

al., 1980). No metamorphism has been noted on the Sabenta assemblage equivalents in 

the Perijei range, suggesing that Merida terrane was closer to the continental margin and the 

Perijei part of the Eastern Cordillera terrane may have been south of the Merida terrane in 

the late Paleozoic. Hence, effects of the Pangea-creating collision were recorded in the 

Merida terrane as the metamorphism of Mucucachi flysch and weaker metamorphism of 

the northwestern part of the younger Sabaneta molasse, while the Perijei range escaped the 

metamorphic effects. The Sabaneta is usually in fault contact with the Mucucachi or other 

assemblages, but there is one report of it overlying a section of low-grade metamorphosed 

flysch that is considered part of the Mucucachi Formation with angular unconformity (see 

Gonzalez de Juana et al., 1980, p. 132-136). The poorly preserved fossils of the 

Mucucachi assemblage suggest a possible age overlap between the Sabaneta and the 

Mucucachi, indicating that there may be a interbedded relationship in some areas (again see 

Gonzalez de Juana et al., 1980, p. 132-136). Clearly, there remain many problems with 

actual ages and contact relationships of the low-grade metamorphic asemblages in the 
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Venezuelan Andes, but with the current state of knowledge, the geologic-tectonic history 

there appears distinct from the adjacent Eastern Cordillera and Perija range, as well as 

from the known geology of the foreland to the Apure thrust to the south and east. 

Upper Paleozoic cratonic and overlap assemblages 

In most of the Andean region, upper Paleozoic sedimentary rocks overlie Devonian 

sections with unconformity, ranging from a strong angular unconformity to distinct 

disconformity. The upper Paleozoic assemblages overlap onto all the continental and 

continental margin terranes discussed above, except Merida terrane where the youngest 

clear overlap is by Early Permian (Figure 6). The upper Paleozoic rocks discussed in this 

section are craton assemblages with respect to the Paleozoic and older terranes. The 

Carboniferous assemblage of Merida terrane has been discussed in the appropriate section 

above. along with mention of the Pennian overlap assemblage. 

Carboniferous assemblages 

General statement 

The Carboniferous rocks in the northern Andes (Garzon uplift, Eastern Cordillera, 

Perija range, Santa Marta range) unconformably overlie unmetamorphosed Devonian or 

older metamorphic assemblages, and are primarily shallow marine sequences (Figures 6, 

12). Carboniferous and Permian rocks were deposited on the Merida terrane. and were 

metamorphosed immediately following deposition, creating the confused Mucucachi

Sabaneta problems as discussed above. Carboniferous rocks on the various parts of the 

Eastern Cordillera terrane are not metamorphosed. Merida terrane is the only place where 

metamorphic effects of the Gondwana-Laurentia collision are seen in the stratigraphy of 

South America. Metamorphic effects resulting from the collision are suggested in Zamora 

terrane (Central Cordillera, Sevilla 'arc', Guajira) by radiometric dating, but more 
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assemblages (Alvarez A., 1983; Etayo-Serna et al., 1986). An unconfonnable 
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relationship between the Carboniferous and Devonian is also seen to the south, in the 

Cutucu uplift in Ecuador, and on into northern and central Peru (Figures 15, 16). From 

southern Ecuador to southern Peru there was an important latest Devonian-earliest 

Carboniferous defonnation and metamorphism (Dalmayrac et al., 1980; Laubacher and 

Megard, 1985; Megard, 1978), followed by deposition of the continental Mississippian 

Ambo Group sediments and the shallow marine Pennsylvanian Tarma Group sediments. 

The effects of this orogeny wane into Bolivia, and in the Cordillera Oriental and Subandes 

there is only a disconfonnity between the Devonian and Carboniferous fonnations 

(Ahlfeld and Branisa, 1960; Isaacson, 1975; Lohmann, 1970). The basal Carboniferous 

in the Cordillera Oriental and Subandes of Bolivia, and into the Subandean region of 

southern Peru, is characterized by glacial, glacial-fluvial, and glacial-marine diamictites 

(Figure 17) (Caputo and Crowell, 1985). Some glacial component is present on the east 

side of the Andes to the south into Argentina as far as the Sierras Australes and north 

Patagonia area, as well as in the Falkland Islands (Du Toit, 1927; Frakes and Crowell, 

1969). A major magmatic assemblage (cpi and ci), considered the root of a Carboniferous 

continental margin arc, is exposed from northern Chile to south central Chile, and it 

extends into Argentina, turning to the east across the northern Patagonia massif (Herve et 

al., 1984). The latest Devonian-earliest Carboniferous orogeny known in Peru is apparent 

to varying degrees into Chile and Argentina as well. 

Northern Andes 

Carboniferous fonnations in the northern Andes are typically composed of a mix 

of sandstone, siltstone, mudstone, and limestone. They are variegated, and include marine 

horizons, although continental intercalations are common. They are dated by fossils as 

latest Mississippian-Pennsylvanian in the Eastern Cordillera (Quetame area) (BUrgI, 1973) 
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but the exact age range reported varies for different areas, with some formations perhaps 

extending into the Permian (Irving, 1975). A thick Carboniferous section is also known 

in the Perija range, with marine arkosic sandstone, conglomerate and thick gray shale at 

the base, continental redbeds in the middle, and shallow marine limestone at the top. This 

section is dated by marine invertebrates as Mississippian at the base and Lower 

Pennsylvanian at the top (Estrada M., 1972; Gonzalez de Juana et al., 1980; Irving, 

1975). Remnants of a similar Pennsylvanian section are preserved in one corner of the 

Santa Marta range (Tschanz et al., 1974). All these Carboniferous strata are grouped into 

one assemblage (cps, cp, s assemblage) (Figures 6, 11, 12, 13). 

No dated Carboniferous rocks are known from Guajira peninsula, although there 

is a metamorphic complex, overlain and intruded by unmetamorphosed uppermost 

Triassic-Jurassic rocks, that may be in part Carboniferous. Carboniferous rocks in the 

Merida terrane include the metamorphosed Mucucachi Formation, discussed above, and it 

is usually in fault contact with other older assemblages of Merida terrane (Case et al., 

1990; Gonzalez de Juana et al., 1980). The Sabaneta Formation in the Merida Andes may 

be latest Carboniferous at the oldest, based on possible, but questionable, depositional 

relations with the Mucucachi (Gonzalez de Juana et al., 1980), although all fossil evidence 

indicates an Early Permian age. 

Radiometric dates from igneous and metamorphic rocks in parts of the northern 

Andes suggest tectono-thermal activity in the Carboniferous and into the Permian. There 

are several Carboniferous radiometric dates from granites in the Perija range, but these 

dates cover a wide range for what is considered the same granite, such as a 310-385 Ma 

U/Pb lower intercept date, interpreted as a crystallization age (Dasch, 1982, cited in Maze, 

1984). Additionally, this age range does not correspond with the stratigraphically 

constrained age of the granite as reported in one locality (Gonzalez de Juana et al., 1980; 

Maze, 1984). Thus, there are perhaps Carboniferous granites in the Perija, but 

-~- -~-~~----~. 
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confinnation awaits further dating. Latest Carboniferous dates of 287 10 Ma Rb/Sr and 

270 10 Ma K/Ar (cited by Feo-Codecido et al., 1984 and Gonzalez de Juana et aI., 

1980) were yielded by alkaline granites of the El Baul uplift (pmi assemblage), which is in 

the foreland of the Merida Andes but north of the Apure thrust and so is part of the Merida 

terrane. Other K/Ardates of 321 and 330 Ma on muscovite from granite and 347 10 Ma 

on pelitic hornfels have been obtained from borehole samples north of the Apure thrust 

and south of the Merida Andes in the Barinas basin area (Feo-Codecido et al., 1984). 

Carboniferous and possible Carboniferous granites in Perija and Merida ranges may 

suggest a link if further dating shows that they are of similar age. Carboniferous 

sedimentary rocks, dated by fossil flora (Feo-Codecido et al., 1984), are also known from 

boreholes in the Espino graben, in the Venezuelan foreland area east of the EI Balli uplift. 

Overall, in the northern Andes, Carboniferous strata are mixed shallow marine and 

continental, deposited unconfonnably on unmetamorphosed Devonian or older 

metamorphic rocks. The Carboniferous assemblage, like the Devonian, links many of the 

inboard uplifts, such as the Perija and Santa Marta ranges, Santander, Floresta, Quetame 

and Garz6n uplifts in the Eastern Cordillera. There is a hint that the convergence between 

Gondwana and Laurentia may be recorded in Perija by minor magmatism, and it appears 

clearly recorded in the Merida terrane by regional metamorphism and minor magmatism. 

Most reconstructions of Pangea place northern South America somewhat distal to the 

collision due to the presence of the Yucatan block and other intervening blocks (Ross and 

Scotese, 1988; Rowley and Pindell, 1989). The types and variety of deposits, as well as 

lateral facies and thickness changes of the Carboniferous assemblage, accords with this 

distal postion to the early stages of continent-continent collision. The convergence is late 

Pennsylvanian into Permian, and more geology relating to it will be discussed in the 

Permian cratonic assemblages section. 
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Central Andes 

In the Cutucu uplift in eastern Ecuador, Pennsylvanian siliceous limestones and 

black argillites, dated by fusilinids and other marine invertebrates (1450 m thick) (Canfield 

et al., 1982; Kennerley, 1980; Tschopp, 1953), unconformably overlie strongly folded 

Devonian-Lower Carboniferous argillite and sandstone. This Pennsylvanian section is 

similar in age, rock types and depositional character to the marine Tanna Group in much 

of the Eastern Cordillera of Peru. In Peru, the Carboniferous is represented by continental 

Mississippian Ambo clastic strata with volcanic layers and clasts, and by marine 

Pennsylvanian Tanna limestone and shale (both go assemblage) (Figures 16, 17). The 

contact between them is a disconformity where they are both present. The Ambo is 

predominantly continental conglomerate, sandstone and shale with minor coal or 

carbonaceous layers, but with an important marine horizon noted by Megard (1978) in 

central Peru. Fossil flora from the Ambo indicate a middle Mississippian age (Jongmas, 

1954, original study of flora, cited by Newell et al., 1953), and fauna from the marine 

horizon also yield a Visean age (middle Mississippian) (Megard, 1978). A basal 

conglomerate that contains clasts of metamorphic rocks and scarce volcanic rocks, usually 

overlies the folded and cleaved, low-grade metannorphic rocks of the Excelsior group 

(Megard, 1978). The unmetamorphosed Ambo, overlying the Excelsior, constrains the 

regional metamorphism and deformation of the Excelsior in much of Peru to pre-Visean. 

The upper part of the Ambo includes tuffs and other volcanics (Megard, 1978; Newell et 

al.,1953). The Ambo section is present in the central to eastern part of the Andes 

throughout the length of Peru. 

A very slightly metamorphosed section of continental sandstone, siltstone, and 

shale with plant fossils, but undated directly, underlies fossiliferous, middle to upper 

Pennsylvanian marine quartzitic sandstone and shale along the coast of northern Peru, in a 

part of Amotape terrane (AMc or AM assemblage in part) (Newell et al., 1953). The 
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similarity of this section to the Ambo-Tanna sequence in other parts of Peru, especially in 

age, hints that the Amotape terrane may have an origin near to its present location along the 

Peruvian part of the coast, although it exhibits some important differences in later events 

before its accretion in mid-Cretaceous. 

Small areas of continental conglomerate, sandstone, siltstone and shale with minor 

carbonaceous horizons, also similar to the Ambo Formation in the Andes, 

nonconformably overlie basement gneisses along southern coastal Peru in the Arequipa 

terrane (gn assemblage) (Bellido B. and Simons, 1957; Newell et al., 1953). These rocks 

also contain a Mississippian flora (Mendivil and Castillo, 1960). The Mississippian Ambo 

continental section extends into the Altiplano region of northern Bolivia. Cherroni and 

Suarez (1968, cited by Helwig, 1972b) reported a Tournasian-Visean flora from the thick 

Carboniferous section south of La Paz. This section continues without any recognized 

major unconformity up into paralic and fluvial clastic rocks with carbonaceous horizons, 

considered a lateral facies equivalent to Tanna, and upward into the Lower Permian 

carbonates with apparent conformity (Helwig, 1972a; Helwig, 1972b). 

To the south and east in central and southern Bolivia (Cordillera Oriental and Sub

Andes), the Carboniferous section changes and is characterized by occasional tillites. 

These tillite-containing sedimentary rocks are also present into northern Bolivia and 

southern Peru in the Sub-Andean region. The Carboniferous sequence in Sub-Andean 

and central Bolivia is predominantly fluvial, fluvio-glacial, and glacial in origin (g or gg 

assemblage) (Figures 17, 18). Consequently, it is poorly dated directly, but it is 

apparently a continous section through most of the Mississippian and the Pennsylvanian 

(Helwig, 1972b; Sempere, 1990). Helwig (1972b) mentioned unpublished palynology 

from southern Bolivia that puts the Mississippian-Pennsylvanian boundary in the middle 

of the conformable sequence. The Carboniferous fluvial and fluvio-glacial section in 

central to southern Bolivia overlies dated Middle Devonian with distinct erosional 
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unconfonnity (pareja L. et al., 1978; Sempere, 1990). It is overlain abruptly, but with 

apparent confonnity by the Lower Permian Copacabana limestone (uppermost 

Pennsylvanian in the Sub-Andes of northern Bolivia) (Sempere, 1990). Frakes and 

Crowell (1969) evaluated the evidence for glacial input in this section, and they concluded 

that the diamictites did indeed have a transported glacial component. There are tillites near 

the top of the Carboniferous section in central and Sub-Andean Bolivia that are 

paraconformably (disconformably?) overlain by Permian limestone. These tillites may be 

time-equivalent to Tarma Group black limestone and shale in Peru, although the dating of 

the tillites is not precise (Sempere, 1990). The Tarma Group in Peru is well-dated by 

marine fauna as Middle and Late Pennsylvanian (Megard, 1978; Newell, 1949; Newell et 

al., 1953). It is overlain concordantly by Lower Permian Copacabana limestone, although 

usually there is a disconformity suggested by the fossil fauna, as not all stages represented 

by a fauna (Dunbar and Newell, 1946; Megard, 1978; Newell, 1946; Newell et al., 1953). 

Tarma Group rocks are known from the Lake Titicaca region northwestward through 

central Peru along the Cordillera Oriental. Also, one area of marine black limestone and 

shale, with a Middle Pennsylvanian fauna nonconformably overlies basement gneisses of 

the Arequipa terrane (gn assemblage) (Bellido and Narvaez, 1960; Newell et al., 1953). 

The fluvial-glacial Carboniferous section of southern Bolivia extends, but is 

thinner southward into the Sub-Andes and Cordillera Oriental of northern Argentina. In 

Argentina, this section also has a clear glacial component, along with continental 

conglomerates and sandstones (Frakes and Crowell, 1969; Mingramm et al., 1979). 

Farther south, this Gondwana assemblage is predominantly continental. The age range of 

the section in southern Bolivia and northern Argentina is not precisely known. It 

disconformably overlies Devonian or older sedimentary rocks, and is overlain by Upper 

Permian-Triassic Vitiacua Formation in southernmost Bolivia and northernmost Argentina 

(Lohmann, 1970; Mingramm et al., 1979; Sempere, 1990). On the southwestern Puna in 
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northern Argentina a small area of continental clastics with Pennsylvanian plant fossils 

overlies Devonian rocks with angular unconformity (fumer and Mendez, 1979). This 

exposure of Carboniferous on the Puna terrane is disconfonnably overlain by a small area 

of fossilerous, Lower Permian marine limestone and calcareous sandstone (cp 

assemblage). 

In the central Andes, Carboniferous strata that contain the characteristic glacial 

input in a chiefly continental section are part of the continental Gondwana assemblage (g 

or gg, in Bolivia and northern Argentina), and Carboniferous strata with mostly marine 

Pennsylvanian are part of the marine Gondwana assemblage (gn, in Peru and northern 

Bolivia). 

Southern Andes 

The Gondwana continental assemblage extends southward into the Pampean and 

eastern Precordillera regions of central Argentina. It is composed of conglomerate, 

arkosic sandstone, siltstone, and mudstone, with some carbonaceous horizons (g or gp) 

(Figure 19). It is generally fluvial and alluvial in nature, containing abundant cross

bedded sandstone and common red, maroon, and yellow colors especially towards the top 

of the section. The base is as old as upper Mississippian, and the upper parts extend into 

lowennost Permian without any notable disconformities in some localities (Gordillo and 

Lencinas, 1979). There are some tuffs and volcanic input, and the volcanic component 

increases to the west A dated basalt in this Carboniferous section in the Pampean area 

yielded a KlAr date of 295 Ma (fhompson and Mitchell, 1972, cited in Gordillo and 

Lencinas, 1979). In the western Precordillera, the section thickens dramatically and the 

facies change to deltaic and marine turbidites ( cpm assemblage) (Furque and Cuerda, 

1979). Farther west, the facies are deltaic and continental in part, and show increasing 

volcanic influence (Caminos, 1979a; Mpodozis M. and Cornejo P., 1988). The age of the 

continental facies is not well-constrained in many areas, but in general these sedimentary 

--" --- ...... _. __ .. _-_.--------
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rocks are upper Mississippian and Pennsylvanian where dated by palynology or fossil 

flora (Caminos, 1979a; Furque and Cuerda, 1979; Gordillo and Lencinas, 1979; Michaut, 

1979). The marine facies are generally well-dated as middle and upper Carboniferous 

(Caminos, 1979a; Frakes and Crowell, 1969; Furque and Cuerda, 1979). The Gondwana 

Carboniferous assemblage in central Argentina includes diamictites in many localities, and 

Frakes and Crowell (1969), from their investigation of all reported upper Paleozoic 

diamictites in South America, concluded from striated clasts that there was some glacially

derived input to these strata. The Carboniferous rocks overlie Devonian or older rocks 

with strong angular unconfonnity in most of the Precordillera and in the adjacent Pampean 

region as well as to the north in the Sierra de Famatina and south in the Bloque de San 

Rafael. 

West of the Precordillera terrane, in the Andes in Chile and Argentina, there is an 

extensive suite of granodiorites, diorites, and granites with many radiometric ages that 

place it in the middle to upper Carboniferous (cpi assemblage) (Herve et al., 1988; 

Mpodozis M. and Cornejo P., 1988). This assemblage extends south (ci), outcropping in 

the coast ranges in south-central Chile from approximately 33 S to 38 S, and north in the 

Andes up to the Atacama region opposite northernmost Argentina at approximately 22 N 

(Boric P. et al., 1990). Volcanic strata that must be the extrusive equivalent of these 

plutons are present in the Andes along the Chile-Argentina border, but the majority of 

these strata (Choiyoi Group, ch assemblage) are probably Permian and Triassic. 

Mpodozis and Cornejo (1988) listed many dates from the Carboniferous plutonic suite 

(Elqui superunit), and they demonstrate that it is distinct from the younger, more acidic, 

Permian-Triassic suite of plutons and volcanics (see also Mpodozis and Kay, 1990; 

Mpodozis and Kay, 1992). 

The linear batholith complex is commonly interpreted as the intrusive part of a 

major continental margin are, and this appears a very secure interpretation as the shape, 
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extent, chemistry, and associated assemblages all fit this model well (Herve, 1988; 

Mpodozis M. and Cornejo P., 1988). The continental to marine Carboniferous strata in 

the Precordillera region, sourced from the west and with a volcanic component increasing 

to the west, are back-arc basin deposits. To the east these strata become thinner and 

continental again on the continental platform, but they still show a slight volcanic input. 

The marine back-arc basin is not developed in northernmost Argentina, and the outcrop 

extent of the plutons is also reduced in northern Agentina and Chile. In south-central 

Chile, no marine back-arc is known, however this area is entirely dominated by Mesozoic

Cenozoic arc and related assemblages. Well-documented coeval west-verging defonnation 

and development of an subduction complex on the west side of the coastal Carboniferous 

arc plutons in south-central Chile fits the arc model also (Godoy P.-B., 1984; Herve, 

1988; Herve et al., 1984). Metamorphic rocks adjacent to and west of the coastal 

Carboniferous batholith in south-central Chile with high initial 87Srj86Sr (>0.710) were 

defonned and metamorphosed during the subduction that produced the batholith (Herve et 

aI., 1984). They yielded RblSr dates of 347 32 Ma and 368 42, and are interpreted as 

metamorphosed, continentally-derived fore-arc sediments (Figure 19) (Herve et al., 

1984). This assemblage (CHe, Eastern Series) is in contact with, across a fault, the lower 

initial 87Srj86Sr (<0.706), subduction complex assemblage (CEw) of Chiloe terrane 

(discussed below). South of 38.5 S, Carboniferous plutons are not present near the 

coast, but instead are known within the Andes and to the east in Argentina on the north 

Patagonia massif (Caminos et aI., 1988; Caminos and Parica, 1985; Llambias et al., 1985; 

Rapela and Kay, 1988; Rapela et aI., 1987). These appear to be arc-related plutons 

although there is not such an extensive, clear, linear belt as to the north. Where and if the 

arc extended to the south or southeast is speculative, because there are so few rocks this 

old exposed in Patagonia. 
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Two areas in the fore-arc region of the Carboniferous arc have preserved strata 

coeval with the arc, the Teupel basin (t or tp assemblage) to the southwest of the northern 

Patagonian massif, and in the lake district of southern Chile (-40 S) (panguipulli 

Formation, cpp or cp assemblage) (Figure 20). These sequences are dated by fossils as 

Carboniferous (Frakes and Crowell, 1969; Lesta et aI., 1980; Moreno and Parada, 1976; 

Page et al., 1984), but do not show as extensive deformation as the subduction complex 

rocks. The base of the Teupel Group is not exposed except in one locality, where it is 

reported as depositional on basement granite (Lesta et al., 1980). The 4400 m thick 

Teupel Group consists of sandstone, conglomerate and mudstone, with continental facies 

in the lower and upper pans, and marine facies in the middle (Lesta et al., 1980; Page et 

al.,1984). Teupel Group strata are middle and upper Carboniferous based on plant and 

marine invertebrate fossils from distinct levels, and they contain diamictites, as do the 

Carboniferous sections in the Southern Buenos Aires Ranges (Sierra de la Ventana) and 

the Falkland Islands. The Teupel diamictites have been interpreted as submarine turbidites 

or other debris flows, but Frakes and Crowell (1969) substantiated that there was some 

glacial provenance in these diamictites based on striated clasts. 

The diamictites in the Sierra de la Ventana area are not dated directly, but they 

overlie Lower to Middle Devonian quartzites with disconformity to weak angular 

unconformity, and are overlain concordantly by fossil-dated Permian continental strata and 

minor marine clastic strata (g or gg assemblage) (Du Toit, 1927; Frakes and Crowell, 

1969; Harrington, 1980). This stratigraphic sequence of Devonian quartzites, 

Carboniferous diamictites and Permian continental Glossopteris beds is also well-known 

in the Falkland Islands and in South Africa (Du Toit, 1927; Du Toit, 1937; Frakes and 

Crowell, 1967; Turner, 1980). The sequences in both the Sierra de la Ventana and the 

Falkland Islands were deposited on older continental basement. The whole Devonian

Permian section in the Sierra de la Ventana is strongly folded with northeast vergence, and 
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this section, as shown by the very similar stratigraphic sequence and deformation, was an 

extension of the Cape FoldBelt in South Africa before the opening of the South Atlantic 

(Du Toit, 1927; Du Toit, 1937). 

In the rest of Patagonia, no Carboniferous rocks are known that can be considered 

surely deposited on older basement (note one report of a questionable Early Carboniferous 

fossil from a borehole just east of the Andes--see Riccardi, 1980). All pre-Carboniferous 

rocks in the southern part of Patagonia may be considered a terrane, based on the inference 

of a south-facing arc across northern Patagonia. Ramos (1984) considered this arc as 

north-facing based on older radiometric dating that suggested the plutonic suite of the 

northern Patagonia massif was Permian (Stipanicic and Methol, 1980). He considered all 

of Patagonia a terrane and he linked the accretion of Patagonia to the northeast-verging 

deformation of the Sierra de la Ventana. There are only few exposures of pre-Jurassic 

rocks of limited extent in Patagonia south of the north Patagonian massif, and these are, in 

part, not dated or poorly dated metamorphic rocks. Almost complete cover by Jurassic 

and younger assemblages obscures the Carboniferous and older Paleozoic history of the 

continental crust of southern Patagonia. 

Permian assemblages 

General statement 

Permian clastic rocks, grading upward into marine limestone, overlap onto the 

Perija and Merida ranges in the northern Andes (Figure 6) (Case et al., 1990; Gonz3.lez de 

Juana et al., 1980; Etayo-Serna et al., 1986; Irving, 1975). This assemblage (cps or cp & 

s) fmally definitively ties the Merida terrane to South American basement. In the rest of 

the northern Andes, Permian sedimentary rocks are generally absent (Etayo-Serna et al., 

1986; Irving, 1975), reflecting the general uplift resulting from the Gondwana-Laurentia 

collision. A few Permian volcanic and intrusive rocks in the northernmost Andes, and 

weak regional metamorphism of the Lower Permian in the Merida Andes are probably also 
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the result of the collision. A strong late Paleozoic metamorphic event in Zamora terrane 

and the outer fringes of the Eastern Cordillera terrane of the northern Andes, as might be 

expected in northwestern South America due to the Gondwana-Laurentia collision, is only 

suggested by existent radiometric dating, but further radiometric dating may better 

establish this event (Etayo-Serna et al., 1986; Irving, 1975; Restrepo and Toussaint, 

1988). Throughout the high Andes of Peru, limestone and mudstone of the Lower 

Permian Copacabana Formation (c assemblage) generally overlies the Tarma Group with 

disconformity, and it records a general marine transgression (Newell et al., 1953). The 

transgression extended southward into Bolivia, and may have extended into the Puna in 

northernmost Argentina as suggested by fossiliferous, shallow marine, Lower Permian 

limestone and sandstone of the Arizano Formation (Turner and Mendez, 1979). The 

Copacabana in all of Peru is usually overlain with slight angular unconformity by the 

coarse redbeds and volcanics of the Mitu Formation (m assemblage) (Dalmayrac et al., 

1980; Megard, 1978). The Mitu is present only as far south as the Lake Titicaca region 

and there are few Upper Permian rocks in most of Bolivia, except for deposits of the 

Vitiacua basin (vt assemblage) in the southern Sub-Andes which may extend from Upper 

Permian into Triassic (pareja L. et aI., 1978; Sempere, 1990). In Argentina, on the east 

side of the Andes, the continental redbeds of the Lower Permian lower Paganzo Group 

transitionally overlie the Carboniferous continental fluvial section (g or gp assemblage) 

(Caminos, 1979b). A similar continental section with Glossopteris flora is present in the 

Ventana ranges and in the Falkland Islands, with other minor exposures of similar 

continental rocks on the North Patagonia and Deseado massifs (g or gg, gp assemblages) 

(de Giusto et al., 1980; Harrington, 1980; Stipanicic and Methol, 1980; Turner, 1980). 

Many of these continental rocks have varying amounts of volcanic rocks within them, and 

the volcanic component generally increases to the west near the Andes, as they are closer 

to the rhyolitic Choiyoi volcanic sequence and equivalents. The thick Choiyoi volcanic 
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assemblage (ch) extends along the length of the Andes from northern Chile into northern 

Patagonia, and it is generally Permian and in part Triassic. Many intrusives, 

approximately equivalent to the Choiyoi in age, are also exposed along the same length of 

the Cordillera (cpi in part and pi assemblage). The Permian-Early Triassic volcanic and 

plutonic rocks outcrop in a broader band along the Andes than the plutonic and volcanic 

rocks of the Carboniferous arc, often appearing on the coast of northern Chile and well 

east of the Andes south of the Precordillera. The Choiyoi assemblage and equivalent 

rhyolitic extrusives appear to have resulted from extensional collapse of thickened crust 

following the strong compressional orogeny and subduction in the Carboniferous in the 

southern Andes, based on their broad extent and trace element geochemistry (Mpodozis 

and Kay, 1990; Mpodozis and Kay, 1992). 

Northern Andes 

The Sabaneta Formation consists of basal conglomerate, sandstone and siltstone 

resting unconformably on Mucucachi or older metamorphic rocks in the Merida Andes, 

and it fines upward into the shales and limestone of the Palmarito Formation (Figure 12). 

The Palmarito is transgressive directly onto the Mucucachi in some places, without any 

intervening Sabaneta coarse clastic strata. The fossil ages from the Palmarito Formation 

range from middle Pennsylvanian to lower Upper Permian (Gonzalez de Juana et al., 

1980). The continental Sabenta is poorly dated, with pollen suggesting a Permian

Carboniferous age (Gonzalez de Juana et al., 1980). In the Perija range, there is also a 

section of sandstone with minor tuffs grading up into marine limestone with Wolfcampian 

(Lower Permian) fusilinids. This sequence, also called the Palmarito Formation, overlies 

the Carboniferous with disconformity. The Upper Carboniferous-Permian section in the 

Merida Andes displays low-grade regional metamorphism that is stronger on the northwest 

and weaker to the southeast. The upper Paleozoic section in the Merida Andes is strongly 

folded and thrust faulted to the southeast, and it shows cleavage throughout (Gonzalez de 
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The Permian section in the Perija range (cp or cps assemblage) does not display the 

metamorphism or strong defonnation seen in the Merida Andes. This section, the 

Palmarlto Fonnation, in the Perija range is similar in age and character to the Sabaneta

Palmarito section, although thinnner and without the conglomerates. The lower part 

consists of unfossiliferous marginal marine-continental sandstone, overlain by shallow 

marine limestone with Lower Permian (Wolfcampian) fusilinids (BUrgI, 1973; Gonzalez 

de Juana et al., 1980; Kellogg, 1984). The Palmarito Formation apparently overlies the 

unmetamorphosed middle and lower Carboniferous sequence or older rocks with angular 

unconformity, although there seems to be disagreement about this contact (see Etayo

Serna et al., 1986; Gonzalez de Juana et al., 1980; Kellogg, 1984 for summaries of the 

range of interpretations and citations to all original references). 

Permian rocks are not known from other core areas in the northern Andes. In the 

Santander region, there is a conglomerate under fossil-dated lower Triassic rocks that may 

be Permian. There are several plutons on Toas Island off the northeast comer of the Perija 

range with radiometric ages that place them in the Permian (252 25 Ma U/Pb zircon by 

Dasch, 1982, cited by Shagam et al., 1984), and on Paraguana peninsula (262 Ma U/Pb 

on titanite, cited by Gonzalez de Juana et al., 1980), along with the previously mentioned 

plutons of latest Carboniferous-Early Permian age in the El Baul uplift 

Other metamorphic rocks in the Zamora or outer Eastern Cordillera terranes of 

northern South America may have experienced Permian deformation and metamorphism 

resulting from the Gondwana-Laurentia collision, especially northern parts of the Central 

Cordillera, the Sevilla 'arc' area on the northwest comer of the Santa Marta range, and the 

older part of the Guajira peninsula. A somewhat suspect K/ Ar date of 250 Ma from a 

gneiss in the Sevilla arc hints at this effect (MacDonald and Hurley, 1969). Other 
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radiometric dates, primarily K/Ar, from the Zamora terrane also suggest a latest Paleozoic 

metamorphism (see Alvarez A, 1983; McCourt et al., 1984; Etayo-Sema et al., 1986; 

Restrepo and Toussaint, 1988; and Restrepo-Pace, 1991 for dating summaries). Defining 

the extent of Permian metamorphism is important in making a reconstruction of the relative 

placement of the various pieces of northwestern South America. Much additional 

radiometric dating will be needed to distinguish the metamorphic effects of the collision on 

northwestern South America. 

Central Andes 

Permian rocks are not exposed in cratonic Ecuador. Radiometric ages from 

Zamora terrane in Ecuador do not suggest any Permian metamorphism here (Aspden et al., 

1992b; Hall and Calle, 1982; Kennerley, 1980). In much of Peru, including the central 

and eastern Andes, the Sub-Andean belt, and into the foreland, the thick Copacabana 

group (c or upper part of gn assemblage) disconfonnably to paraconformably overlies the 

Tarma group. The contact with the Tarma group is often concordant, without any known 

stratigraphic evidence for a time break:; but latest Pennsylvanian (between Des Moinesian 

and Wolfcampian) fossils have not been found in the high Andes of Peru (Dalmayrac et 

at, 1980; Dunbar and Newell, 1946; Megard, 1978; Newell, 1949; Newell et al., 1953). 

The marine transgression recorded by the Copacabana may have begun in the latest 

Carboniferous, as fossil evidence in northern Bolivia suggests a latest Carboniferous age 

for the base of the Copacabana Formation (Sempere, 1990). In parts of both northern and 

southern Peru, the Copacabana sometimes disconformably overlies Ambo Group. The 

Copacabana is composed chiefly of limestone and dark shales, and is well-dated in Peru 

by its fusilinid fauna as Wolfcampian-early Leonardian (Early Permian) where it is most 

complete (Dunbar and Newell, 1946; Newell et al., 1953). The Copacabana Formation 

was deposited on a shallow marine shelf that covered a large part of the present Peruvian 

and Bolivian Andes and extended into the present foreland region. The thick limestones 
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and associated fauna have been interpreted as indicating a tropical to subtropical climate 

(Helwig, 1972a; Helwig, 1972b). This has been noted especially because of the contrast 

to the climate indicated by the diamictites of glacial origin in the Upper Carboniferous in 

Bolivia and into southern Peru (Lohmann, 1970). In Bolivia, the Copacabana extended 

through the northern and central Cordillera Oriental and Subandean belt, and its fonner 

presence in southern Bolivia is indicated by limestone boulders with Early Pennian fossils 

in Tertiary conglomerate (Ahlfeld and Branisa, 1960). The southernmost extent of the 

Copacabana sea may be in the southern Puna in northern Argentina, as suggested by the 

Arizano Fonnation. The Arizano limestone and calcareous sandstone contains Early 

Permian fossils, and it disconfonnably overlies Upper Carboniferous, by fossil flora, 

continental clastics (fumer and Mendez, 1979). 

An angular unconfonnity between the Copacabana and overlying Mitu Group in 

Peru (Dalmayrac et al., 1980; Megard, 1978; Newell et al., 1953) indicates an important 

change in tectonic regime in the central Andes (Figures 16, 17). The Mitu Group (m 

assemblage) is also present throughout the high central and eastern Andes of Peru and into 

the Subandean region, but it apparently does not extend into the foreland region like the 

Copacabana (Kummel, 1948; Kummel, 1950; Megard, 1978; Wilson and Reyes R., 

1964). It is not known in Ecuador, and it is known in northern Bolivia only in the Lake 

Titicaca area. The Mitu consists of redbeds and volcanic flows, breccias, and tuffs, and it 

varies rapidly in thickness laterally (Megard, 1978; Newell et al., 1953). Rhyolites and 

andesites are common, with basalts known from the base and the top of the Mitu Group 

(Dalmayrac et al., 1980). The Mitu Group volcanic rocks are generally alkalic (Kontak et 

at, 1990; Kontak et al., 1985). It was deposited on Copacabana or older rocks with 

angular unconformity, and is overlain disconfonnably by lower Mesozoic assemblages. 

Graben-like faults are commonly associated with the rapid thickness changes (Megard, 

1978). The Mitu 'molasse' and the angular unconformity below are apparently related to 
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an extensional tectonic regime, based on the sedimentary facies, local basins bounded by 

normal faults, and the alkalic character of the volcanics. Upper Permian fossils are known 

from the Mitu, and its upper parts may extend into the Triassic (Megard, 1978; Newell, 

1949; Newell et aI., 1953). Associated granitoid plutons comprise an intrusive 

assemblage (trji) that extends from at least central Peru into the Cordillera Real of northern 

Bolivia, and they yield Late Permian and Triassic radiometric dates (Dalmayrac et al., 

1980; Farrar et al., 1990; Kontak et al., 1990; Kontak et al., 1985; Lancelot et al., 1978). 

There is little Upper Permian (Mitu equivalent) preselVed in the central or southern Andes 

of Bolivia, except that the lower part of the Vitiacua Formation in the southern Subandean 

belt may be Upper Permian (Sempere, 1990). 

In general, the Permian in the central Andes commences with stable conditions 

while the Lower Permian limestones were deposited, followed by an extensional regime 

with uplift, faulting and magmatism during Late Permian in Peru, when the volcanics and 

redbeds of the Mitu were deposited, accompanied by an intrusive suite. This disturbance 

did not significantly affect much of the Andean region in Bolivia. To the south, the next 

important Permian assemblages are continental sedimentary rocks east of the Andes in the 

Pampean area of Argentina, and mixed volcanic, plutonic, and sedimentary assemblages 

of the Andes in northern Chile. 

Southern Andes 

In the Pampean area of Argentina, plant fossils show that the continental 

Gondwana assemblage (g or gp) is a continuous section from Carboniferous up into 

Lower Permian (lower Paganzo beds) (Caminos, 1979b; Gordillo and Lencinas, 1979; 

Michaut, 1979). Similar Permian continental clastic strata are present in the Southern 

Buenos Aires hills, on the south flank of the north Patagonian massif, on the Deseado 

massif, and in the Falkland Islands (g or gp & gg assemblages). All these sections, except 

on the Deseado massif, are the upper part of a continuous section from Carboniferous into 
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Pennian, and all are dated primarily by fossil flora (de Giusto et al., 1980; Frakes and 

Crowell, 1967; Frakes and Crowell, 1969; Harrington, 1980; Lesta et al., 1980; Turner, 

1980). These sections, including both the Carboniferous and Pennian parts, are all 

included in the continental Gondwana assemblages. 

In and near the Andes of central Chile and Argentina, thick sequences of andesitic 

to predominantly rhyolitic volcanic rocks, that are overlain by Mesozoic and Cenozoic 

strata, overlie Carboniferous or older rocks (Figure 19). The age constraints on these 

sequences are commonly fairly loose, but in general, at least in the central Andes, much of 

this volcanic section (ch assemblage) and related plutons (cpi & pi assemblages) are of 

Pennian and Early Triassic age, distinct from the Carboniferous arc volcanic rocks and 

plutons. Mpodozis and Cornejo (1988) have delineated these two plutonic suites in the 

Chilean Andes west of the Precordillera terrane. The Carboniferous suite is predominantly 

tonalite, granodiorite, and diorite, and yielded KI Ar and RblSr dates of 300-340 Ma. It is 

distinct from the red and pink granites of the younger plutonic suite (lngagmis superunit). 

The younger suite yielded many Triassic and Jurassic KlAr ages, but stratigraphic 

evidence requires a Late Permian-Early Triassic age. Ingaguas granites intrude a volcanic 

and sedimentary section with Early Permian fossil flora, and are overlain by Ladinian

Carnian (late Early Triassic-early Late Triassic) conglomerate, sandstone, and shale of the 

Las Breas Formation, dated by fossil flora and lacustrine fauna (Mpodozis M. and 

Cornejo P., 1988). In the nearby Argentinian Andes, the thick sequence of rhyolitic 

volcanics (Choiyoi Group) is at least in part Pennian-Triassic. A tuff from the volcanic 

sequence yielded a KlAr date of 246 14 Ma, and plutons that in some cases intrude and 

in some cases depositionally underlie the volcanics range from 202 to 276 Ma (Caminos, 

1979a). In some areas of the Frontal Cordillera in Argentina, Choiyoi Group volcanics 

overlie Carboniferous (middle Pennsylvanian) sedimenta..7 rocks with angular 
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unconfonnity (Caminos, 1979a). In other nearby areas, the volcanic section is probably 

in part Carboniferous, as is suggested by the extensive Carboniferous plutonic suite. 

Similar suites of volcanic rocks and plutons ( cpi assemblage) are also present in 

northern Chile in Cordillera Domekyo, Cord6n Lila, and the Coast Range (Figure 18). 

Many plutons typically yield Carboniferous radiometric dates, while others yield Permian

Early Triassic radiometric dates, both on the coast and inland (Boric P. et al., 1990; 

Naranjo and Puig, 1984; Ramirez R. and Gardeweg P., 1982; Skarmeta M. and 

Marinovic S., 1981; Vergara L. and Thomas N., 1984). These Carboniferous to 

Permian-Triassic plutons are generally undefonned, while the Devonian or Devonian into 

Lower Carboniferous sections (Bahlburg et al., 1987; Bell, 1987; Isaacson et aI., 1985) 

and older rocks are metamorphosed and defonned. 

Probable Carboniferous or Permian-Triassic volcanic and volcaniclastic strata (ch 

assemblage) are present in the northern Chile ranges of Cordillera Domeyko, Cord6n Lila, 

and Sierra de Morena. In the Sierra de Morena, a thick section of predominantly rhyolitic

dacitic flows and tuffs, the Collahuasi Fonnation, was intruded by granite that yielded a 

252 3 Ma U/Pb date (Vergara L. and Thomas N., 1984). In Cord6n Lila, a volcanic 

section, the Cas and Peine Formations, depositionally overlies a 290 14 Ma RblSr 

tonalite (Ramirez R. and Gardeweg P., 1982). Other age constraints on this section are 

weak, but it is probably part of the Permian-Early Triassic assemblage. In the Domeyko 

ranges a predominantly rhyolitic volcanic section, the La Tabla Formation, is overlain with 

disconformity to local angular unconformity by a fossil-dated upper Triassic formation 

(Ramirez R. and Gardeweg P., 1982). Other volcano-sedimentary fonnations in parts of 

the Domeyko ranges may be Carboniferous-Permian, but they may also be younger, as 

they are overlain by Lower Jurassic rocks with angular unconformity, and they are more 

andesitic, similar lithologically to Upper Triassic volcanics (Ramirez R. and Gardeweg P., 

1982). Overall, the Carboniferous arc assemblages and the Permian-Lower Triassic 
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magmatic assemblages appear to fade in volume in northern Chile, based on their map 

extent. The Pennian-Lower Triassic assemblage in Chile and Argentina is similar in 

tectonic setting to the Upper Permian Mitu assemblage in Peru, both recording some 

degree of extension, although in Chile and Argentina, extension follows an episode of 

convergence, clearly recorded by the continental margin arc assemblages. In Peru, no 

Carboniferous arc is known, but there was an important episode of crustal shortening and 

regional metamorphism in Late Devonian-Early Carboniferous (Laubacher and Megard, 

1985; Megard, 1978). 

South of Santiago, the Carboniferous batholith (ci assemblage) makes up most of 

the Coastal Cordillera, so this simplifies the age confusion between the Carboniferous and 

Permian-Lower Triassic volcanic sections in areas east of the Mesozoic-dominanted 

Cordillera Principal (main Andes). In the San Rafael region, the Carboniferous 

Gondwana continental assemblage (g or gp), dated by fossil flora (Criado Roque and 

Ibanez, 1979), is overlain with angular unconfonnity by a stack of several distinct 

volcanic sequences. An ash-flow tuff from the lowest volcanic/volcaniclastic group 

yielded a 276 13 Ma radiometric date (Lower Permian) (Criado Roque and Ibanez, 

1979). Two other volcanic sections overlie this lowest sequence, and all are separated by 

angular unconformities. The volcanic strata include basalts to rhyolites, with the andesitic 

to rhyolitic parts predominant. Some associated granitic and granodioritic intrusives pierce 

lower parts of the volcanic section. A continental clastic section with some volcanic 

layers, well-dated by Lower Triassic fossil flora and Middle to Lower Triassic vertebrates, 

overlies the upper volcanic section with disconfonnity (Criado Roque and Ibanez, 1979). 

The age control from the sedimentary rocks above and below, along with the radiometric 

date, establishes the age of these volcanic sequences as latest Carboniferous through 

Permian. These sequences are included with the widespread Choiyoi assemblage (ch). 
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In the Northern Patagonia massif (Figure 20), there are a number of Pennian 

radiometric dates, mostly KlAr, from granites (Stipanicic and Methol, 1980), but newer 

RblSr dating shows that some of these granites are Carboniferous (Caminos and Parica, 

1985; Llambias et al., 1985; Rapela and Kay, 1988; Rapela et al., 1987). Even so, there 

are still apparently some Permian plutons here, as suggested by RblSr dates of 270 10 

and 275 55 Ma (dating by Halpern, cited in Stipanicic and Methol, 1980). The 

magmatism here apparently continues into the Triassic, as there are also several Triassic 

KI Ar dates from intrusives in the area, as well as a 232 4 Ma RblSr date on an intrusive 

suite (dating by Halpern, cited in Stipanicic and Methol, 1980). Also on the Northern 

Patagonia massif, a rhyolitic flow disconformably underlies middle Triassic (Ladinian) 

strata dated by fossil flora (Stipanicic and Methol, 1980). Permian volcanics or plutons 

are not exposed in the remainder of Patagonia, although non-defmintive dating of 

basement gneissic granodiorite from boreholes in the eastern Strait of Magellan area 

suggests possible late Paleozoic metamorphism or magmatism in southern Patagonia 

(Halpern, 1973). An obvious volcanic component has not been noted from the Permian 

continental sections in the Sierras Australes and in the Falkland Islands. 

The Carboniferous assemblages from northern Chile to about 39 S clearly show 

that there was active subduction under this part of Gondwana in the Carboniferous and it 

may have continued into the Permian, but if so, there must have been a substantial change 

in rate and/or direction and hence coupling to produce the distinctive Pennian 

assemblages. Alternatively, subduction ceased, which allowed extension-relaxation 

effects to develop the distinctive Permian-Early Triassic magmatism, which is spread over 

a broader region than the Carboniferous arc magmatism. The Pennian magmatism 

extended into northern Patagonian, but its existence or location south or southeast of there 

is speculative, again because of the extensive cover of Jurassic and younger assemblages 

in the remainder of Patagonia. 
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Upper Paleozoic terranes and their tectonic assemblages 

Two terranes in the southern Andean region, Chiloe and Darwinia, were formed, 

or formed and accreted, in the late Paleozoic (Figures 20, 21, 26). These terranes contain 

a significant oceanic component. The Chiloe terrane and Magallanes subterrane are 

subduction complexes created along the late Paleozoic margin of the southern Andes. 

Darwinia terrane was formed in the late Paleozoic and was accreted between Early Permian 

and Middle Jurassic. 

The Merida terrane, characterized by Precambrian and Paleozoic assemblages, was 

finally accreted in the Permian, as shown by the Sabaneta-Palmarito overlap assemblage. 

It has already been discussed with the continental terranes. 

Chiloe terrane 

The Chiloe terrane is a large, composite subduction complex with many disparate 

elements. It formed, structurally-tectonically, essentially in place, but it includes large 

areas and blocks of oceanic rocks that have been brought into the complex by the 

subduction of probable large amounts of oceanic crust. There are meta-basalts with relict 

pillow structure in some cases, meta-cherts, phyllites, greenschist and greenstone, some 

ultramafics, and other protoliths of oceanic affinity in the Chiloe terrane, with meta

turbidites common especially in the eastern parts of the terrane (Herve, 1988). These 

rocks are generally low to medium grade on the west to very low grade on the east, with 

some high-pressure mineral localities known (Kato, 1985). No basement is known to this 

assemblage. Aeromagnetic maps of the south-central part of Chile show an easterly trend 

of the mafic-rich Chiloe assemblages immediately south of where the Carboniferous arc 

plutons angle east across the Andes into northern Patagonia (Godoy and Kato, 1990). 

The proto lith ages for the metamorphic rocks in the Chiloe terrane are in general poorly 

~ ~ ~-~-------------
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known, but a few trace and invertebrate fossils have been found in the Chonos 

Archipelago and Chiloe area These fossils indicate Devonian and perhaps Silurian 

deposition of at least parts of this assemblage (CEw) (see Herve, 1988 and Pankhurst et 

al., 1992 for summary and original citations). This assemblage shows a penetrative 

shallowly east-dipping foliation that becomes weaker to the east. Local areas of the 

eastern part of the assemblage show substantially disrupted bedding and are considered 

melanges. Polyphase deformation is recognized, especially where the penetrative foliation 

fades (Herve, 1988). Radiometric dating of these metamorphic rocks shows that they 

were metamorphosed and deformed beginning in the Carboniferous, contemporaneously 

with the formation of the large Carboniferous batholith. The Chiloe assemblage (CEw) 

yielded a 311 10 Ma RblSr whole rock isochron from near the northern part of the 

coastal batholith, and two RblSr whole rock isochrons of 331 29 Ma and 313 10 Ma 

from near Valdivia. The 87Srj86Sr initial ratios were 0.7060, 0.7060, and 0.7039, 

respectively, and these results are consistent with an oceanic crustal origin (Herve, 1988; 

Herve et al., 1984). Progressively younger Permian and some Triassic radiometric dates 

are usually found to the south in this assemblage, and this is interpreted as a continued 

southward constructive phase of the subduction complex in the Patagonian region (Herve, 

1988). This assemblage is interpreted to be the subduction complex that pairs with the arc 

batholith in south-central Chile, but it covers a broad accretionary region in Patagonia 

where an equivalent batholith is not known. Especially south of 38 S, this assemblage 

includes large, discrete blocks of oceanic crustal material that probably will be considered 

separate terranes or subterranes as more mapping and especially dating is done on the 

Chiloe terrane (Herve et al., 1991). For this map, I have considered all these pieces, 

including continentally-derived turbidites and oceanic materials, as one terrane, linked by 

their tectonic incorporation into the subduction complex in the late Paleozoic. The Chiloe 

terrane is stitched to South America by the Patagonian batholith, which is Middle Jurassic 
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at the oldest, and it is overlapped by unmetamorphosed Upper Jurassic volcanics and 

volcaniclastics. The inferred Late Paleozoic accretion is based on the radiometric dating. 

Magallanes subterrane 

On the east side of the Patagonian batholith, around Lago General Carrera, there 

are also rocks that are similar to the Chiloe assemblage. These and other metamorphic 

rocks east of or within the batholith to the south in the Sarmiento area and in Tierra del 

Fuego are grouped as the Magallanes subterrane of the Chiloe terrane (Fgiures 21, 26). 

This grouping is based on the lithological similarity to the Chil06 rocks and because they 

are not known to be depositional on any older basement, like the Chiloe assemblage. This 

assemblage (MGu) includes meta-cherts, meta-basalts, serpentinites, and low-grade 

schists on the west, and quartzites, phyllites, slates and minor meta-conglomerate on the 

east The low-grade clastic metamorphic rocks on the east have been provisionally 

interpreted as a meta-turbidite sequence (Herve, 1988; Niemeyer R. et al., 1984). This 

unit has been isoclinally folded and poly-deformed. Although poorly dated in general, a 

Carboniferous? fossil has been found in Lago General Carrera area (Riccardi, 1971, cited 

in Riccardi and RoUeri, 1980), and scarce radiometric dating suggests Permian-Triassic 

metamorphic ages for these rocks. Near Lago General Carrera, a basic dike cuts the 

metamorphics, and this dike yielded a 246 9 Ma KJ Ar date (Herve, 1988). 

A Rb/Sr whole rock isochron on pelitic and quartzitic schists from the Cordillera 

Darwin of 224 38 Ma suggests a latest Paleozoic-Early Triassic metamorphism (Herve et 

al., 1979), similar to the other Magallanes and southern Chiloe assemblages. Cordillera 

Darwin metamorphic 'basement' is lithologically somewhat different than Magallanes 

rocks in the Sanniento area. It is composed of predominantly low-grade metasedimentary 

rocks, and the rocks occasionally reach amphibolite facies. Graphitic phyllite and schist 

are common, and there is a clear meta-volcanic component including greenstone and meta

tuff. Structures in the Cordillera Darwin metamorphic complex indicate multiple 
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defonnations (Klepeis, 1994; Nelson et aI., 1980). These rocks are overlain 

unconfonnably by unmetamorphosed Middle?-Upper Jurassic volcanics and 

volcaniclastics, and are intruded by the Patagonian batholith, like the other Magallanes and 

Chiloe rocks, which is -160 Ma (Upper Jurassic) at the oldest (Herve et aI., 1979; Nelson 

et aI., 1980; Niemeyer R. et aI., 1984; Ramos et aI., 1982; Riccardi and Rolleri, 1980). 

Darwinia terrane 

The Madre de Dios islands in southern Chile are made up of a distinct group of 

oceanic rocks (DW or DWu assemblage) (Figures 21,26). This terrane is composed of 

three fault-bounded packages; the Tarlton limestone, the Denaro complex of pillow basalts 

and radiolarian cherts, and the Duque de York defonned clastic rocks (Mpodozis and 

Forsythe, 1983). These packages are imbricated within and stacked together in apparently 

south-directed thrust sheets (Forsythe and Mpodozis, 1983). The Tarlton limestone 

consists of thick reef limestone, and it was deposited on vesicular pillow basalt in one 

area, indicating a shallow water marine environment The Denaro complex includes 

abundant pillow basalt, metalliferous cherts, red and green radiolarian cherts, and argillite. 

The Duque de York group is made up of rhythmically-bedded sandstone, mudstone, and 

conglomerate, with a immature volcaniclastic component apparent in the sandstone and 

conglomerate. The Tarlton and Denaro are well-dated as latest Carboniferous-Early 

Penni an by fusilinids and radiolaria, respectively (Ling and Forsythe, 1987; Ling et aI., 

1985). The basalts of the Denaro complex are MORB type. The Tarlton limestone and 

Denaro complex apparently fonned in an open ocean, uninfluenced by continental detritus, 

while the Duque de York clastic deposits may have been a deep water assemblage 

deposited off an active continental margin (Mpodozis and Forsythe, 1983). The faunas of 

the Tarlton and Denaro are most like similarly-aged radiolarian and fusilinid faunas known 

in accreted terranes in Japan (Ling and Forsythe, 1987; Ling et aI., 1985). A preliminary 

paleomagnetic study from the terrane indicates tropicaIlatitudes of formation, and it is 
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distinctly discordant compared to its present location in South America in the Late 

Paleozoic (Forsythe, 1991, personal comm.). All the Madre de Dios packages are 

intruded by the Patagonian batholith (Forsythe and Mpodozis, 1983). The exact age of the 

part of the batholith that intrudes them is not known precisely, but the batholith in general 

yields radiometric dates of Late Jurassic (-150-160 Ma) at the oldest, and Early 

Cretaceous dates are known in the area (Forsythe and Mpodozis, 1983). Hence, Darwinia 

was accreted between the Permian, its age of formation and deposition, and the Late 

Jurassic 'stitching' by the batholith. The paleomagnetic discordance suggests substantial 

travel distances for this terrane, so a Triassic to Jurassic time of accretion is most likely 

assuming reasonable plate motion rates. 

Mesozoic-Cenozoic assemblages 

In the southern and central Andes, terrane accretion is minor to nonexistent after 

the Paleozoic, and the tectonic history is dominanted by the variations in development of 

the Andean continental margin arc and subduction-driven deformation that accompanied 

the arc development In contrast, the northern to central Andes have an extensive history 

of Mesozoic-Cenozoic terrane accretion, mostly of terranes with oceanic affinity. This 

section discusses the assemblages deposited or formed on the continent, inboard of the 

terranes in the north, and along the continental margin arc in the central and southern 

Andes. These assemblages are, of course, overlap assemblages with respect to alI the 

terranes accreted in the Paleozoic (Figures 7-9). 

Triassic (Lower-Middle) assemblage~ 

General statement 

The tectonic setting along much of the central and southern Andes did not 

fundamentally change at the end of the Paleozoic, thus ma..'1Y of the Permian assemblages, 
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and the tectonic setting that they record, extend to naturally include dated or probable 

Lower-Middle Triassic rocks. The tectonics of the much of the margin did change during 

the Triassic, hence Upper Triassic rocks are naturally included with the Jurassic 

assemblages along much of the continental margin. In the Andes in general, Lower and 

Middle Triassic rocks are limited in areal extent, while the Late Triassic-Early Jurassic 

assemblages are widespread (Figure 7). 

In the south-central Andes, the Choiyoi assemblage, equivalent volcanic and 

associated continental sedimentary strata (ch assemblage), range in age up into the Triassic 

in some areas. Triassic plutons are present also in Argentina and Chile (within cpi & pi 

assemblages), associated with the Choiyoi volcanic complex. Mixed continental, 

lacustrine and volcanic facies fill several Triassic basins, with a NNW -SSE trend, in 

central Argentina. On the Pampean platform, the Carboniferous continental Gondwana 

sequence is overlain by Triassic continental strata (included in g or gp assemblage). In 

southern Bolivia and into northernmost Argentina, a minor Upper Permian?-Triassic basin 

was developed in the present Subandean region (vt assemblage). Few Lower or Middle 

Triassic sedimentary rocks are known in Peru, except that upper parts of the Upper 

Permian Mitu Group may be Triassic. The intrusive assemblage (trji) that corresponds in 

type and distribution to the Mitu Group volcanic suite has yielded abundant Permian and 

Triassic radiometric dates. 

In the northern Andes, there are Middle to Upper Triassic continental clastic and 

volcanic strata in the Central Cordillera and Santa Marta range in Colombia (is assemblage 

in part), and in the Merida Andes in Venezuela. A few dated Triassic plutons are also 

known in the Venezuelan Andes (ji assemblage in part). These assemblages appear to be 

the fIrst rock record of the initiation of the rifting between Laurentia and Gondwana. In 

Ecuador, deformed S-type plutons in the Zamora and Amotape terranes are apparently 

Upper Triassic and may also be related to the early stages of rifting (Aspden et al., 1992a). 
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Northern Andes 

In the Central Cordillera of Colombia, a continental clastic section underlies dated 

Upper Triassic, and may be Lower to Middle Triassic Us in part) (Figure 12). Continental 

conglomerate, sandstone, and red shale of the Luisa Formation conformably underlie 

Payande Formation limestone interbedded with shale and black chert. The limestones are 

Norian (Upper Triassic) based on fossil assemblages (Cediel et al., 1981; Cediel et al., 

1980). This section is in the Central Cordillera, but it apparently does not have direct 

contact relations with the metamorphic rocks of Zamora terrane. 

A mixed clastic and volcanic section, the Los Indios Formation, of latest Permian?

Early Triassic age is known in the Santa Marta range. The marine black shale at the base 

is dated by ostracods, but the overlying sandstone, tuff, and conglomerate is undated 

(Trumpy, 1943; Tschanz et al., 1974). Other mixed clastic and volcanic sections are 

present in the Santa Marta range that could be in part Triassic (Corval and Guatapuri' 

Formations), but they are not dated directly (Irving, 1975; Tschanz et al., 1974). 

In the Merida Andes, a dacite-rhyolite tuff overlies the Permian Palmarito-Sabenta 

assemblage with angular unconformity (Figure 13). This rarely-present tuff yielded a 229 

15 Ma U/Pb zircon date (Burkley, 1976). There are also some granitoids in the Merida 

Andes, the Perija range and subsurface adjacent to the Perija range that have yielded Late 

Triassic radiometric dates. Zircons from El Carmen granodiorite, Chachopo granite, and 

La Culata adamellite in the Venezuelan Andes yield a single lower intercept of 225 25 

Ma (Burkley, 1976; Gonzalez de Juana et al., 1980). Samples of granite from wells near 

the Perija range that are very similar to the Palmar granite exposed in the range gave KlAr 

dates as old as 210 Ma on biotite (see Maze, 1984 for summary of all dating in the region). 

The Triassic tuff in the Merida Andes is overlain disconformably by Lower Jurassic 

volcanic and redbed strata Us assemblage). All these Triassic rocks in Colombia and 

------------._--- _ .. _-



Venezuela may be interpreted as the first hint of extension from the Jurassic rifting 

between Gondwana and Laurentia. 

Central Andes 
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In Ecuador, no sedimentary rocks of Triassic age are known. The Tres Lagunas 

orthogneisses may be Triassic, as suggested by a minimum age of Early Jurassic, based 

on a 200 12 Ma RblSr whole rock date (Aspden et al., 1992a; Aspden et al., 1992b). 

They are S-type, variably deformed granitoids within the Zamora terrane metamorphic belt 

(Aspden et al., 1992a). 

As discussed with the Permian assemblages, the Mitu Group in Andean Peru may 

be Triassic in part, and its associated intrusive suite commonly yields latest Permian or 

Triassic radiometric dates. Two granitic plutons in the Eastern Cordillera in southern Peru 

yielded upper intercept U/Pb dates of 257 3 Ma and 238 11 Ma (Lancelot et al., 1978). 

Extensive additional radiometric dating by several techniques, including U/Pb, RblSr, 

4°Ar{39Ar, and KlAr, of plutons in the Cordillera Oriental of southern Peru and the 

Cordillera Real of northern Bolivia generally establish their Triassic age (see Dalmayrac et 

aI., 1980; Farrar et al., 1990; Kontak et al., 1990; Kontak et aI., 1985 for dates, 

interpretations, and summaries of dating). This suite of intrusives has essentially the same 

areal distribution and alkalic character as the Mitu volcanic suite, and it is also related to 

crustal extension. They intrude a deformed and metamorphosed lower and middle 

Paleozoic section, as well as upper Paleozoic assemblages including parts of the Mitu 

Group in places (Lancelot et al., 1978). This suite often yields latest Triassic and Jurassic 

KI Ar dates, most of which are cooling ages or partial reset dates (Evernden et al., 1977; 

Kontak et al., 1990; Kontak et al., 1990). Granodiorite and granite are the main types of 

plutons, and silver and tin mineralization is commonly associated with them. 

A shallow basin was developed in the Sub-Andean area of southern Bolivia in Late 

Permian and Triassic time, and it extended just into northernmost Argentina. The section 

----- - ---~.--- --.---
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in this basin begins with fluvial sandstones, grading upwards into shallow marine 

limestone, then capped by evaporitic deposits (Vitiacua Group, vt assemblage). The base 

of the section is considered Upper Permian (Sempere, 1990) and the marine limestones are 

dated by micofossils and palynology as Triassic (BeItan and others, 1987, cited in 

Sempere, 1990). Other undated fluvial and aeolian sandstones in much of Bolivia are 

stratigraphically between upper Paleozoic and Cretaceous sections, and may be Triassic in 

part (Sempere, 1990). 

Southern Andes 

As noted above, the Permian assemblages in many areas of the southern Andes 

extend into the Lower-Middle Triassic. In northern Chile, several plutons and extrusive 

rocks yielded Middle-Late Triassic radiometric dates, including a 232 7 Ma KlAr biotite 

date on granite and a 227 8 Ma KlAr whole rock date on rhyolite porphyry (Boric P. et 

al., 1990). Also in northern Chile, several predominantly felsic volcanic sequences, the 

La Tabla and EI Bordo Foramtions in Cordillera Domeyko, and Cas and Peine Formations 

in Cord6n Lila, whose ages are poorly constrained, may be Triassic (Ramirez R. and 

Gardeweg P., 1982). The Choiyoi volcanic assemblage, from northern Chile south along 

the Andes into central Argentina, probably includes some Early to Middle Triassic rocks in 

places, but the exact ages are not known. 

In much of northern to central Chile, most Triassic rocks are Upper Triassic, and 

they are the basal, usually mostly continental, parts of the Upper Triassic-Jurassic arc 

assemblages. Occasional marine or lacustrine layers give much of the sparse age control 

for the Triassic sections. A few sections of Lower and Middle Triassic rocks in central 

Chile are marine or lacustrine (trv assemblage). The San Felix Formation ( .... 28 -29 S) 

consists of a clastic submarine fan-delta complex, with abundant coarse-grained turbidite 

sequences and rare tuffs (Suarez and Bell, 1992). The La Coipa beds, in the Andean 

Cordillera at .... 27 S, are of lacustrine origin, and palynology suggests a probable Early 
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Triassic age (Suarez and Bell, 1992). The Las Breas Fonnation, also in the Cordillera 

area at ..... 30 -32 S, consists of continental clastic strata with minor lacustrine intercalations. 

Fossil flora and lacustrine invertebrates yield a Ladinian (Middle Triassic) to Carnian (Late 

Triassic) age (Mpodozis M. and Cornejo P., 1988). The Las Breas Fonnation and an 

andesitic volcanic section, the Estratos de Rio Seco Fonnation, disconfonnably underlie 

Jurassic rocks. The age of the volcanic section is not directly constrained, and it may be 

entirely Late Triassic. Other volcanic and continental sections, without clear dating, in the 

Andean region of northern to central Chile may be Triassic (Mpodozis M. and Cornejo P., 

1988; Nasi P. et al., 1990). 

The Pichidangui Fonnation along the coast of Chile ( ..... 30 S) is Middle to Upper 

Triassic as determined by marine fossils in surrounding sediments in a conformable stack 

(trv assemblage) (Forsythe et al., 1987). It is a 4000+ m thick sequence of andesitic to 

rhyolitic subaquatic flows and tuffs. The Pichidangui Fonnation and surrounding strata 

have at most an erosional disconformity with overlying Jurassic arc assemblages. 

Preliminary paleomagnetic data suggested that this sequence may have been latitudinally 

displaced by ..... 9 to the north (Forsythe et al., 1987). Due to the cover of younger 

Mesozoic and Cenozoic rocks in this part of Chile, the Pichidangui Fonnation does not 

have any direct contact relations with rocks of the same or older ages, hence it certainly is 

not depositionally tied to these nearest, same-age or older, assemblages by outcrop 

relationships and may be displaced. It does fit into the tectonic setting of the Triassic in 

this part of the Andes, as part of the widespread felsic volcanism of the Permian-Triassic 

crustal extension-relaxation, or as initial volcanism of the Late Triassic-Jurassic continental 

margin arc, thus it is not recognizable as displaced by the rock assemblages alone. While 

the preliminary published paleomagnetic data suggest latitudinal displacement, they do not 

absolutely establish the displacement because this depends on sufficient quanity and 

quality of paleomagnetic data for the fonnation as well as a well-defined reference pole for 
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the craton. Overall, the facies, rapid thickness changes, and local distribution of the 

Lower and Middle Triassic assemblages of northern and central Chile (Suarez and Bell, 

1992), fit with the model of crustal extension and rifting indicated by the chemistry of the 

volcanics (Mpodozis and Kay, 1990; Mpodozis and Kay, 1992) and the presence of the 

Triassic basins preserved in Argentina (Stipanicic and Bonaparte, 1979). 

In the Pampean region of central Argentina, Upper Paganzo Group strata overlie 

Lower Paganzo (Upper Carboniferous-Lower Permian) strata with erosional 

unconfonnity. The Upper Paganzo consists of a thin section of continental redbeds with a 

few interbedded basalts, and the fossil flora determines its Early? to Late Triassic age (g 

assemblage in part) (Caminos, 1979b; Gordillo and Lencinas, 1979; Michaut, 1979). 

Also in central Argentina in the Bloque de San Rafael area, a Lower to Middle Triassic 

continental clastic section with some tuffs disconformably overlies Permian volcanics that 

are Choiyoi assemblage equivalents (Criado Roque and Ibanez, 1979). Adjacent to the 

Bloque de San Rafael in the Triassic Alvear basin, samples of subsurface volcanic and 

intrusive rocks have yielded many 210-295 Ma radiometric dates (Criado Roque and 

Ibanez, 1979). Upper Triassic Paso Flores Formation, composed of continental clastic 

strata with tuffs, makes up the basal section of parts of the Neuquen basin in south-central 

Argentina (Criado Roque and Ibanez, 1979; Digregorio and Uliana, 1980). 

In southern Argentina, other Carboniferous-Permian clastic sections in the Sierra 

de la Ventana, Falkland Islands and Deseado massif are often poorly dated in their 

continental upper parts, and so they may include Triassic rocks at the tops of the sections. 

On the Northern Patagonia massif, a rhyolite porphyry flow disconformably underlies 

continental coarse-grained clastics that have been dated by fossil flora as Ladinian (Middle 

Triassic), (Stipanicic and Methol, 1980). Intrusives that yielded Triassic dates of 232 4 

Ma Rb/Sr and KlAr dates of 248,238,235 75,and 230 40 Ma are also known on the 

Northern Patagonian massif (dates cited in Stipanicic and Methol, 1980). Most of these 
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Lower and Middle Triassic assemblages are small in outcrop extent. especially if they are 

not a continuation of a late Paleozoic assemblage. They are generally overshadowed by 

the widespread extent of Upper Triassic-Jurassic assemblages, which record the beginning 

of the major Mesozoic-Cenozoic continental margin arc in the southern and central Andes. 

Upper Triassic-Jurassic assemblages 

General statement 

In the southern to central Andes, an arc was developed on the continental margin 

from northern Patagonia into southern Peru, beginning in Late Triassic and continuing 

through the Jurassic (Figure 7). The intrusive and volcanic rocks (jn, ji, jki assemblages) 

and associated sedimentary deposits (jm assemblage) of this arc are the primary Upper 

Triassic-Jurassic assemblages from Peru southward (Figures 17-20). The Santiago 

platform limestone (tIjp), generally without significant volcanic input, is the predominant 

craton assemblage in the eastern Andes of central Peru into southern Ecuador (Figures 15, 

16). 

In the northern Andes, mixed continental redbed and volcanic sequences of the La 

Quinta, Gir6n and Jordan Formations (js assemblage), and an accompanying intrusive 

suite (ji assemblage), all resulting from rifting between Gondwana and Laurentia, are the 

dominant assemblages (Figures 12, 13). These sequences are usually Early Jurassic at the 

oldest, and continue through the Jurassic in the northernmost Andes. A linear belt of calc

alkaline plutons (also ji assemblage), and occasional associated volcanic and volcaniclastic 

assemblages (also js assemblage) reach from central Colombia through Ecuador and into 

northernmost Peru. These assemblages from central Colombia to northernmost Peru 

apparently record the position of an arc in the Middle and Late Jurassic (Figures 13-15). 

Northern Andes 

In the northern Andes, a thick sequence of predominantly continental redbeds and 

volcanic rocks overlies late Paleozoic assemblages with angular unconformity to 
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disconfonnity. This sequence typically ranges in age from Early Jurassic to Late Jurassic, 

as controlled by numerous radiometric dates from volcanic flows and occasional fossils, 

including plants, bones, fish scales and ostracods, from the sedimentary sections (Case et 

al., 1990; Etayo-Serna et al., 1986; Gonzalez de Juana et al., 1980; Maze, 1984). Several 

distinct facies, including marine, fluvial and lacustrine, are present within the Jurassic 

sections in the northern Andes, but all contain some volcanic component. Large and rapid 

lateral variations in thickness are characteristic of the Jurassic sections. This sequence is 

called La Quinta Group in the Merida Andes, Perijei range, and Guajira peninsula; Gir6n 

and Jordan Formations in the Santander and Floresta regions of the northern Eastern 

Cordillera of Colombia; and Morrocoyal Formation in the northern Central Cordillera. All 

these Jurassic volcano-sedimentary sections (is) are typically overlain with slight 

disconfonnity by Lower Cretaceous basal conglomerates. A similar redbed and volcanic 

section, the Guatapuri Formation, is also present in the Sierra Nevada de Santa Marta. 

This section is poorly dated in general, but a rhyolite flow overlying the section yielded 

KlAr dates from 175 to 179 Ma (Middle Jurassic) (Tschanz et al., 1974). In all these 

Upper Triassic-Jurassic sections, basic, intermediate, and acidic volcanics are all present, 

with acidic rocks the most common. Some of the sections show a more basic character in 

general, while others are almost entirely acidic (Irving, 1975; Trumpy, 1943). 

In the E1 Baul uplift, an equivalent section of acidic volcanics with some 

intercalated continental sandstone and conglomerate has yielded K/ Ar dates from rhyolitic 

flows near the base of 192 3.8 Ma and 195 3.9 Ma (MacDonald and Opdyke, 1974, 

cited in Gonzalez de Juana et al., 1980). In a few wells in the Espino graben in the 

foreland basin area southeast of the Apure thrust, continental redbeds have been drilled, 

and a basalt flow from this section yielded a 162 8 Ma KlAr whole rock date (Feo

Codecido et al., 1984). 
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Intrusive equivalents of the Jurassic volcanics are common in many of the northern 

South America uplifts (ji assemblage). The plutons are present in the Sierra Nevada de 

Santa Marta, Perija range, Guajira peninsula, and Eastern and Central Cordilleras in 

Colombia. These intrusives are commonly potassic in the Santander region of the Eastern 

Cordillera and in the Perija range (Irving, 1975; Tschanz et al., 1974). Radiometric dates, 

mostly KlAr, from these plutons range from Early to Late Jurassic (Etayo-Serna et al., 

1986; Goldsmith et al., 1971; Gonzalez de Juana et al., 1980; Maze, 1984; Shagam et al., 

1984; Tschanz et al., 1974). Dasch (1982, cited in Maze, 1984) determined a 167 3 Ma 

U/Pb zircon lower intercept from several samples of the Palmar granite in the Perijei range. 

This extensive magmatic province in northwestern South America in the Jurassic is often 

interpreted as the result of the extension that led to the rifting of Gondwana from 

Laurentia, and continued extension of the northwestern corner of Gondwana as North 

America (Laurentia) and South America (Gondwana) continued to move apart throughout 

the Jurassic. This interpretation accords well with the type of volcanic and sedimentary 

rocks found in northern South America, even though the blocks that make up this comer 

of South America have likely moved with respect to each other, up to a few hundreds of 

kilometers, in later tectonic events. 

A linear belt of calc-alkaline plutons (ji assemblage) extends southward along the 

eastern side of the Central Cordillera in Colombia and through Ecuador along the 

Cordillera Oriental. The Zamora, Abitagua, Azafran and perhaps Chingual and Rosa 

Florida batholiths in Ecuador, and the Ibague and Sonson batholiths in Colombia are all 

part of this assemblage. Radiometric dates from these plutons usually fall in the Middle to 

Late Jurassic (Alvarez A., 1983; Aspden et al., 1992b; Etayo-Serna et al., 1986; Hall and 

Calle, 1982). They intrude Zamora terrane as well as cratonic South America. The calc

alkaline character and low initial 87Srj86Sr ratios of -0.705 of these intrusives suggest 
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that they result from an episode of subduction along this part of South America (Aspden et 

aI., 1992b). 

The northwestern portion of South America, including Colombia and Ecuador, is 

within Pangea in the Triassic according to most reconstructions, thus this calc-alkaline 

intrusive assemblage implies that Middle-Late Jurassic subduction followed immediately 

after Late Triassic-Early Jurassic rifting along this part of the Andean margin. The 

northern limit of the subduction-related magmatism is not defined. The magmatic 

assemblages of northernmost South America are typically interpreted as resulting from 

rifting throughout the Jurassic. However, some of the plutons in the Sierra Nevada de 

Santa Marta are also calc-alkaline, and may indicate that the short-lived subduction 

extended into the northernmost Andes, neglecting any palinspastic restoration. 

Central Andes 

From southern Ecuador to central Peru, an extensive platfonn carbonate 

assemblage (Santiago Fonnation & Pucara Group, trjp assemblage) overlies upper 

Paleozoic to Lower Triassic? rocks (Figures 15, 16). This platfonn carbonate is well

dated by ammonites and other marine invertebrates as Norian (Upper Triassic) to 

Sinemurian, or locally Toarcian (Lower Jurassic) is the youngest part (Kummel, 1950; 

Megard, 1978; Szekely and Grose, 1972). In central Peru, the oldest part of the Pucara 

Group is Ladinian (Middle Triassic) (Megard, 1978). An evaporitic facies is developed in 

the southeasternmost exposures of this assemblage, in the Cuzco-Abancay area of Peru 

(Marocco, 1975). The Pucara Group overlies the Upper Permian-Lower Triassic? Mitu in 

Peru with disconformity to mild (15 ) angular unconfonnity (Megard, 1978). This 

platfonn limestone assemblage is generally clean in the Sub-Andean region of Ecuador and 

northern Peru, but Campbell (1970) noted some tuffaceous material in the western parts of 

the Santiago Formation in southern Ecuador. Aspden and Litherland (1992) suggested 

that an undated sequence of continental tuffaceous gray siltstones and sandstones with 
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interbedded basaltic lavas that are ocassionally pillowed may grade laterally eastwards into 

the Santiago Fonnation in southern Ecuador. This undated sequence is probably mapped 

as Chapiza Fonnation (Upper Jurassic, js) here and on the Ecuador geologic map 

(Baldock and Longo, 1982). In central Peru, Megard (1978) noted air-fall tuff and 

tuffaceous sandstone in the Lower Jurassic part of this assemblage. The Santiago-Pucara 

carbonate assemblage is intruded by Middle-Upper Jurassic plutons in southern Ecuador, 

and is overlain disconfonnably by poorly dated Middle-Upper Jurassic redbeds in Ecuador 

and Peru. 

This assemblage strongly suggests, because it is generally a clean carbonate, that 

this section of the continental margin was not a close-by subduction margin, although the 

influence of nearby volcanic activity to the west is recorded in the Late Triassic-Early 

Jurassic. If there was an arc along this part of the coast at this time, it must have been 

offshore and isolated somewhat from the platform carbonate. On the Zamora terrane in 

northern Peru, carbonate strata, dated by Norian-lower Liassic (Late Triassic-Early 

Jurassic) fossils, with abundant volcanic material in the Zaiia Group Gv assemblage) 

(Cobbing et al., 1981; Fischer, 1956) may suggest a link with the craton as a western 

facies of the Santiago-Pucara carbonate. Outcrops of the two assemblages are widely 

separated by exposures of Cretaceous and Cenozoic rocks, as well as many intervening 

major faults (Mapa Geologico del Peru., 1975). 

The carbonate assemblage in southern Ecuador is unconformably overlain by 

continental redbed strata of the Chapiza Formation that are capped by volcanic layers of the 

Misahualli volcanic member (Canfield et al., 1982; Kennerley, 1980; Tschopp, 1953). 

This redbed and volcanic section overlies the Pennsylvanian Macuma Formation north of 

the limit of the Santiago limestone. It extends northward along the east side of the Andes 

in the Napo uplift also as the Chapiza Formation and into southernmost Colombia as the 

Motema Fonnation. The thickness of the Chapiza Fonnation varies greatly, ranging up to 

----------------.-~-- -
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· .. ·-3000 feet (Tschopp, 1953). The Chapiza Fonnation is poorly dated, and has been 

considered Middle to Late Jurassic in age based on its stratigraphic position (Tschopp, 

1953). Palynology by the oil industry supposedly dates the upper part of the Chapiza in 

one locality as earliest Cretaceous (Canfield et al., 1982), and a single KlAr date of 132 

Ma on a volcanic rock from a borehole may support the Early Cretaceous age for the 

uppennost part of the Chapiza (Hall and Calle, 1982). The major batholiths of the 

northern Andes, discussed above, yield 190-150 Ma ages (Aspden et al., 1992b) and are 

sometimes considered the intrusive equivalent of the Misahualli volcanics (Kennerley, 

1980), not in perfect agreement with an Early Cretaceous age. In any case, the Chapiza 

Fonnation is stratigraphically between well-dated Lower Jurassic Santiago and Aptian

Albian Hollin sandstone. A redbed sequence, the Sarayaquillo Fonnation, is also present 

in the Sub-Andean area and occasionally in the Cordillera Oriental region of northern and 

central Peru overlying the Pucara Formation and in places extending beyond the limits of 

the Pucara (Kummel, 1948; Megard, 1978). This continental sequence is not dated 

directly in the Sub-Andean region, but a Middle to Late Jurassic age is presumed based on 

stratigraphic constraints and lithologic correlation with the Chapiza Fonnation. Similar 

undated continental fluvial and eolian strata, in the Cordillera Oriental and Sub-Andean 

region of Bolivia, are probable equivalents of the Sarayaquillo Formation. These strata are 

not shown on figure 7 because they were included with Cretceous rocks on the base maps 

(Oller and Sempere, 1990; Sempere, 1986). 

A thick volcanic and sedimentary sequence of Late Triassic-Jurassic age outcrops 

along the coastal region of southern Peru and southward into northern and central Chile 

(Figure 17, 18). Intrusives of this age are also known following the trend of this volcano

sedimentary assemblage (Boric P. et al., 1990). The volcanic rocks in this thick stack are 

predominantly andesitic, and they are interpreted as representing a continental margin arc 

On assemblage). Pillow lavas and sediments with marine fossils are commonly 

---- ---~-- .. -.. -.--
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intercalated throughout the sequence, demonstrating that the volcanic arc was always near 

or below sea level throughout its development while this up to 10,000 m and commonly 

4000-5000 m thick section was deposited (Ferraris B. and Di Biase F., 1978; Naranjo and 

Puig, 1984; Skarmeta M. and Marinovic S., 1981). 

In southern Peru, this sequence consists of mixed continental sedimentary and 

volcanic strata at the base, dated as Upper Triassic by fossil flora (Bellido and Guevara, 

1963), followed by andesitic to dacitic flows, breccias, and ash-flow tuffs, with some 

interbedded shallow marine sandstone, siltstone, and limestone (Chocolate Formation). 

The Chocolate Formation is dated by marine fossils in sediments as Lower Jurassic 

(Bellido and Narvaez, 1960; Vargas V., 1970). This assemblage overlies basement 

gneisses of the Arequipa terrane. In northern Chile, a similar sequence of Upper Triassic 

continental sedimentary and some volcanic strata is overlain by a thick section, the La 

Negra Formation, of andesitic flows, breccias, and ash-flow tuffs of Early to Middle 

Jurassic age (also jn assemblage) (Ferraris B. and Di Biase F., 1978; Naranjo and Puig, 

1984). In many areas, the sequence commences with the Jurassic volcanic strata 

(Skarmeta M. and Marinovic S., 1981). Pillow lavas and interbedded shallow marine 

sediments are common in northern Chile also, showing that the arc was near sea-level 

throughout its development in Early to Middle Jurassic time. These sections in northern 

Chile are also reasonably well-dated by marine fossils in the intercalated sediments 

(Ferraris B. and Di Biase F., 1978; Ignacio Silva, 1977; Naranjo and Puig, 1984; 

Skarmeta M. and Marinovic S., 1981). Arc plutons, corresponding to the volcanic 

assemblage, are common in Chile and southern Peru, and they yield radiometric dates 

from ,..,150 to ,..,200 Ma by K/ Ar, RblSr, and U/Pb methods (Boric P. et al., 1990; 

Mukasa, 1986; Naranjo and Puig, 1984; Stewart et al., 1974). The primary accumulation 

of the volcanic and plutonic assemblages is near the present coastline. 

-------------------
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East of the arc assemblages, a strongly folded, thick carbonate, clastic, volcanic 

and volcaniclastic section is exposed in the Andean ranges of northern Chile Om 

assemblage). The volcanic component increases to the west, nearer the arc axis. This 

section is predominantly marine and shoals upwards, with evaporitic facies common in the 

upper parts. Marine invertebrate fossils indicate Early-Middle Jurassic ages, and 

sometimes Late Jurassic for this back-arc assemblage (Naranjo and Puig, 1984; Ramfrez 

R. and Huete L., 1981; Skarmeta M. and Marinovic S., 1981; Vergara L. and Thomas 

N.,1984). It reaffirms the extensional arc system, as demonstrated by the continued 

subsidence of both the arc and back-arc areas. This marine back-arc assemblage is also 

present in the Western Cordillera of southern Peru, although there is much less volcanic 

component than in Chile (Vargas V., 1970). This arclback-arc pair of assemblages in 

northern Chile extends southward through much of Chile and partly in Argentina at certain 

latitudes. These assemblages will be discussed further in the next section. 

The continent eastward of the back-arc was exposed in the Jurassic, so no 

sedimentary record was preserved in northern Argentina, and poorly dated, thin 

continental fluvial and eolian strata may be the extent of the Jurassic sedimentary record in 

cratonic areas of Bolivia and southern Peru (Oller and Sempere, 1990; Sempere, 1986; 

Sempere, 1990). A few plutons in the Cordillera Real in Bolivia and the Cordillera de 

Carabaya in southern Peru have been considered Jurassic, although a latest Pennian

Triassic age has now been established for most of the intrusives in the area (Farrar et al., 

1990; Kontak et al., 1990; Kontak et al., 1990; Lancelot et al., 1978). 

Southern Andes 

The arclback-arc assemblage pair On & jm) extended southward from northern 

Chile through central Chile and into northern Patagonia in the Early Jurassic. The typical 

strata of the back-arc basin are found along the main Andes through central Chile and just 

on the east side as the back-arc widened into the Neuquen basin. The arc apparently 
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extended into Patagonia east of the present Andes in the latest Triassic to early Middle 

Jurassic Oi & jt assemblages) (Rapela and Kay, 1988). Subduction and the resulting arc 

from southern Peru to northern Patagonia began in the latest Triassic to earliest Jurassic, 

and subduction has been essentially continuous from then to the present along this part of 

the South American margin. There is much variation of course, through time and space, 

in the rock record of the subduction zone with various peaks of plutonism and volcanism, 

as well as in deformational and erosional episodes (Coira et al., 1982; Drake et al., 1982; 

Herve et al., 1987; Jordan and Gardeweg P., 1989; Jordan et al., 1983). In spite of these 

variations, the rock record clearly establishes that a large stretch of the western side of 

South America or Gondwana until mid-Cretaceous has been an active subduction margin 

since the latest Triassic. 

As discussed above, the arc assemblage commences with continental clastics and 

some volcanics in the Antofagasta area, as in southern Peru, and this lower part is dated as 

Late Triassic by fossil flora (Naranjo and Puig, 1984). In the coastal region of north

central Chile, the Upper Triassic sediments are marine and they concordantly overlie 

Pichdangui Formation volcanic strata. As in the north, the basal parts of this assemblage 

are overlain by thick Lower Jurassic sections with substantial amounts of andesitic 

volcanics (Forsythe et al., 1987). The sequence generally continues concordantly 

upward, composed of mixed sedimentary and volcanic strata with many marine sections, 

and the upper part of the section is of Early Cretaceous age. In north-central coastal Chile, 

these Triassic and Jurassic sections overlie metamorphosed and strongly deformed 

Devonian to Early Carboniferous rocks, and they also depositionally overlie undeformed 

Pennsylvanian and Permian-Lower Triassic plutons (Damm et al., 1981; Naranjo and 

Puig, 1984). Accompanying arc intrusives are also exposed in the coastal hills in north

central Chile. Many radiometric dates establish a Jurassic to Early Cretaceous age for this 

suite of granodioritic, dioritie, and tonalitic plutons (Aguirre, 1983; Boric P. et al., 1990; 
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Drake et al., 1982). The marine volcano-sedimentary arc assemblage (in & jm 

assemblages) is found in the coast ranges to just south of Santiago, and in its southern 

exposures it unconfonnably overlies the metamorphic rocks of the Eastern assemblage 

(CHe) adjacent to the Carboniferous coastal batholith (Levi, 1973). Farther south, the 

Carboniferous coastal batholith is the main exposed assemblage, but latest Triassic?

Jurassic plutons have been found in this batholith complex (Herve et al., 1988). 

The trend of the back-arc assemblage that parallels the arc volcanic and plutonic 

assemblage follows the high Andes in central Chile and it is near the international border at 

the latitude of Santiago, where it also unconfonnably rests on Carboniferous and Permian 

plutons and volcanic sequnces (Figures 7,19) (Mpodozis M. and Cornejo P., 1988). A 

mix of facies from mostly marine to minor continental is typical of this assemblage, as 

would be expected between an arc and exposed continent Fine to coarse clastic strata, 

limestone, evaporites, and volcanic and volcaniclastic strata are all part of this assemblage. 

The volcanic component increases to the west nearer the are, a predominantly marine 

section parallels and lies east of the arc assemblage, and evaporitic and continental facies 

occur farther to the east (Digregorio and Uliana, 1980; Gonzalez Diaz and Nullo, 1980; 

Yrigoyen, 1979). This assemblage is found along the high Andes just south of Santiago, 

but farther south it is found on the eastern side of the Andes and is the basal section of the 

Neuquen basin in Argentina. The distribution of the various facies of this assemblage in 

the Neuquen basin shows that there was a narrow back-arc basin paralleling the arc in the 

Early Jurassic and it expanded eastward in the latest Jurassic and Early Cretaceous. This 

Jurassic assemblage (im) is generally well-dated by fossils in the abundant marine layers, 

and it is generally Middle and Lower Jurassic (Digregorio and Uliana, 1980; Rosenfeld 

and Volkheimer, 1980; Volkheimer and Musacchio, 1980; Yrigoyen, 1979). A regional 

unconformity between Middle Jurassic evaporites and overlying uppennost Jurassic 

coarse clastic strata indicates Late Jurassic tectonism in the central to south-central Chilean-
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Yrigoyen, 1979). 
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The arcl back-arc pair of assemblages continued accumulating in their 

approximately same positions from Patagonia northward up into southern Peru, through 

the Jurassic and Early Cretaceous. These assemblages will be discussed further in the 

Late Jurassic-Early Cretaceous section. 

Lower Jurassic magmatic rocks Gi) and Lower Jurassic marine sedimentary strata 

Gt & jl assemblages) angle southeastward, oblique to the present coastline, across northern 

Patagonia (Rapela and Kay, 1988). These are apparently a continuation of the arc and 

back-arc assemblages to the north. Marine invertebrates establish the Early into Middle 

Jurassic age of the sedimentary strata, and they unconformably overlie Paleozoic rocks 

(Lesta et al., 1980). This section begins with a basal conglomerate, overlain by marine 

sandstone and mudstone with carbonaceous layers towards the top, and tuffaceous 

material throughout (Lesta et al., 1980). The magmatic assemblage incudes a granitic 

intrusive suite that has yielded several-195 Ma RblSr dates (Rapela and Kay, 1988), and 

an associated intermediate to acidic volcanic suite known as the Taquetren Formation 

(Rapela and Kay, 1988). Due to extensive cover of younger strata, the presence or 

location of magmatic rocks of the Early Jurassic arc into southern Patagonia is unknown. 

Other minor Upper Triassic into Middle Jurassic rocks are known to the east and north of 

these arc assemblages in northern Patagonian on the Northern Patagonian massif. In one 

area, Upper Triassic rhyolite flows overlie Lower Triassic sediments and are overlain by 

Lower Jurassic sediments, both disconformable contacts (Stipanicic and Methol, 1980). 

The continental margin arc in Patagonia shifted westward to approximately its 

present position in the latest Middle Jurassic as demonstrated by the development of arc 

volcanic and volcaniclastic formations Gp assemblage) along the trend of the Patagonian 

batholith and recent active arc. The oldest dates from the Patagonia batholith (ki 
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assemblage) are around 160 Ma, corresponding well to the oldest andesitic volcanics of 

the arc (Gonzalez Diaz, 1982; Haller and Lapido, 1982; Halpern, 1973; Herve et al., 

1984; Ramos et al., 1982). These chiefly Upper Jurassic arc assemblages will be 

discussed in more detail in the next section. Across Patagonia, ranging from adjacent to 

the arc assemblages to the eastern coast, and from northern Patagonia to Tierra del Fuego, 

a widespread volcanic assemblage covers much of the older basement of Patagonia. This 

assemblage (tb) is composed of silicic extrusives with only minor interbedded sediments. 

The volcanic flows are mostly subaerial, and they overlie Triassic rocks on an erosional 

unconformity that has much relief in a few places where the Triassic is present (de Giusto 

et al., 1980). These rhyolitic extrusives are interpreted as a result of extension and crustal 

anatexis based on their chemistry and field relations (rapid thickness changes, usually 

associated with normal faults) (Bruhn et al., 1978; de Giusto et al., 1980; Gust et al., 

1985; Lesta et al., 1980). This assemblage includes Marifil, Chon Ailee, EI Quemado, 

Tobifera, and Bahia Laura Formations and Groups, and radiometric dates on these 

extrusive rocks usually are around 165-155 Ma. (Callovian-Oxfordian) (see Bruhn et al., 

1978; de Giusto et al., 1980; and Lesta et al., 1980 for dating summary). This 

assemblage is the result of widespread crustal extension in a large area of Gondwana, as 

an early manifestation of its breakup. 

Many of the Jurassic assemblages in the central and southern Andes continue 

without major changes into the latest Jurassic and Early Cretaceous, because the major 

tectonic change along much of the southern to central Andean margin is in the middle 

Cretaceous. These continuations will be discussed in the next section. 

Upper Jurassic-Lower Cretaceous assemblages 

General statement 

The Upper Jurassic-Cretaceous cratonic assemblages of the Andean margin record 

chiefly two distinct tectonic environments (Figure 8). The Cretaceous assemblages in the 
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northern Andes record a subsiding passive margin, and the Upper Jurassic-Cretaceous 

assemblages in the central to southern Andes result from the ongoing continental margin 

are, with a transition between the two tectonic settings found in southern Peru. 

The near sea-level arc and back-arc strata (kmv assemblage) in the central and 

southern Andes continued accumulating through the Jurassic and into the Early 

Cretaceous. The amount of arc volcanic and plutonic rocks Oki assemblage) produced 

varied through time, but the general character and position of the arc and back-arc is nearly 

the same from south-central Chile (38 -40 S) north to southern Peru (Herve et al., 1987). 

The extensional back-arc basins reached their maximum extent in Early Cretaceous, 

progressing to creating new mafic crust (st assemblage) at the southern tip of South 

America (Bruhn et al., 1978). 

Some areas on the continental platform east of the arc and back-arc in the central 

and southern Andes also accumulated sediments in the Late Jurassic or Early Cretaceous. 

In northern Argentina, continental clastics (kts assemblage) were deposited in the Salta 

basin beginning in the Early Cretaceous (Mingramm et al., 1979; Turner and Mon, 1979), 

and thin Lower Cretaceous continental clastics (klc assemblage) were deposited in the 

Pampean region (Caminos, 1979b; Gordillo and Lencinas, 1979; Michaut, 1979). In 

Bolivia, the dated Cretaceous sections begin in the rnid- or Late Cretaceous, but thin 

sections of continental rocks underlie the dated mid-Cretaceous, and are of probable latest 

Jurassic or Neocornian age (kp, kt assemblages) (Sempere, 1986). The Upper Jurassic 

and Lower Cretaceous section Oks assemblage) in southern Peru displays only a minor 

volcanic-plutonic influence, and in cratonic central Peru, the volcanic input fades to almost 

nothing. 

In central to northern Peru, a thick uppermost Jurassic-Lower to Upper Cretaceous 

'passive margin' section Oks assemblage) (Figure 16) drapes the western Andes near the 

current continental margin, and an equivalent mid- to Upper Cretaceous platform section is 



233 

present to the east in the Eastern Cordillera and Sub-Andean region of central and northern 

Peru (Macellari, 1988). The Upper Jurassic, continental and volcanic Chapiza Fonnation 

in the Oriente of Ecuador, and into northern Peru, is overlain with angular unconformity 

by the mid-Cretaceous quartzites at the base of the regional mid- and Upper Cretaceous 

platfonn section (n assemblage) (Figures 14, 15) (Tschopp. 1953). In the northernmost 

Andes, crustal extension and subsidence resulted in a transgression (ks assemblage) into 

northern Venezuela and the Eastern Cordillera region of Colombia in latest Jurassic?

earliest Cretaceous (Macellari. 1988). The transgression extended southward, and 

eastward in Venezuela, during the mid-Cretaceous into Ecuador and northern Peru, linking 

all the passive margin and platform sequences of the northern Andes. This marine phase 

persisted through much of the Cretaceous in most of the northern Andes. Many of the 

oceanic terranes of the northern Andes contain Cretaceous assemblages, and they are 

discussed with those terranes. 

Northern Andes 

In the northernmost Andes. the volcanic, rift-related Jurassic assemblages of La 

Quinta Group and equivalent formations include Upper Jurassic parts. During the thennal 

subsidence following the Jurassic rifting, a marine transgression first extended into the 

Bogota (Eastern Cordillera-Colombia), Machiques (perija range) and Uribante 

(Venezuelan Andes) depocenters (Macellari, 1988). Neocomian fossils, which are 

primarily Hautervian and Barremian in Venezuela, and earliest Cretaceous in the Bogota 

trough, are generally the oldest known from the lowermost marine portions of these 

depocenters (BUrgI, 1973; Gonzalez de Juana et al., 1980). The Cretaceous sections (ks 

assemblage) in and around the depocenters often include a basal conglomerate and 

sandstone with a fossil flora, but are marine through most of the section. The details of 

facies and their distribution in these Cretaceous sections have been well-studied due to 

their importance to oil accumulations (Figures 11, 12, 13) (see Gonzalez de Juana et al., 



1980; Macellari, 1988; Macellari and De Vries, 1987; Renz, 1981; Reyment, 1981 for 

overviews). 

Subsidence curves based on the Cretaceous section in the Sierra Nevada del 
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Cocuy, which is part of the Bogota depocenter in the Eastern Cordillera of Colombia, 

show a clear thermal subsidence character (Fabre, 1983a; Fabre, 1983b). These linked 

basins in northern Colombia and western Venezuela appear to have been a branch of the 

rifting that was separating Laurentia from Gondwana and extended into the South 

American continent as a sort of a failed arm. The Cretaceous transgression onlapped onto 

cratonic areas in the Aptian-Albian in the present foreland basins of the Llanos, Barinas, 

and East Venezuela (Gonzalez de Juana et al., 1980; Macellari, 1988). The maxima of the 

transgressions are in the Albian and Turonian-Santonian, corresponding to sea-level 

highstands. The marine transgression also extended into the Eastern Andes, Sub-Andes 

and foreland in southern Colombia, Ecuador, and northern Peru beginning in the Aptian

early Albian. The section outside of the depocenters in Colombia and Venezuela is, of 

course, thinner, and is a shelf sandstone, limestone and shale sequence. The Cretaceous 

section was sourced from the east in Colombia, Ecuador and Peru, and from the south and 

southeast in Venezuela, for the most part, with a minor local western metamorphic chert 

provenance noted in Colombia (Irving, 1975). In this compilation, the whole Cretaceous 

section in the northern Andes is considered one assemblage (ks), representing a major 

marine transgression onto the continent following rifting between Gondwana and 

Laurentia. It includes the section through the Upper Cretaceous and into the Paleocene, 

when there was a general regression, and so the upper parts of the section are continental 

(Figures 11, 12, 13). During deposition of this assemblage, many of the oceanic terranes 

in northern South America were forming somewhere offshore in the Pacific realm and one 

was accreted. 
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In the Eastern Cordillera, the Perija, and Merida Andes this assemblage consists of 

a fluvial basal conglomerate and sandstone section, followed by thick limestone, some 

glauconitic sandstone, and a thick upper part of limestone and black shales (Macellari, 

1988; Renz, 1981). The sequence is capped by regressive marginal marine and paralic 

facies. The marine parts of this assemblage are well-dated, and the oldest dated part is 

apparently Hauterivian, but it is probably somewhat older in the fluvial parts or unexposed 

central parts of the basin (BUrgI, 1973; Macellari, 1988; Renz, 1981). A similar section is 

also present on the southeastern flanks of the Santa Marta range, with the same formation 

names, and on the Guajira peninsula. On the Guajira peninsula, it is underlain locally by 

an Upper Jurassic marine sedimentary assemblage that is related to the Jurassic rift 

assemblage as suggested by its local extent in a rift trough (BUrgI, 1973). The marine 

Cretaceous lapped onto the Central Cordillera in the Albian, and it also extended over the 

Garz6n massif and southward during the marine expansion in the Aptian-Albian. It also 

spread over cratonic shelf areas to the east, into areas which are now Andean foreland 

basins (Dashwood and Abbotts, 1990; Gonzalez de Juana et al., 1980; Macellari, 1988). 

The thickness of the Cretaceous section increases dramatically just to the west of the 

present eastern edge of the Eastern Cordillera. indicating that this present thrust boundary 

was the normal-faulted boundary of the Cretaceous Eastern Cordillera extensional basin 

(Fabre, 1981; Fabre, 1983a). This Cretaceous assemblage in northern Colombia and 

western Venezuela is well-known for the La Luna Formation, the Turonian-Santonian 

black shale and limestone that is a primary source rock in the oil provinces of Venezuela 

and Colombia (Macellari and De Vries, 1987). The La Luna Formation was deposited in 

the center of the basin during the second maximum of the Cretaceous transgression. The 

Cretaceous deposits in eastern Venezuela also usually began with the transgression in the 

Aptian, and continued through latest Cretaceous with primarily marine facies, although the 
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timing and distribution details of the facies were somewhat different from the basin axis 

sections in the Eastern Cordillera and vicinity (Gonzalez de Juana et al., 1980). 

As previously mentioned, this assemblage (ks) extends to the south into Ecuador 

(n assemblage) and Peru Oks assemblage). In Ecuador, the section is thin ( .... 600 m), and 

is composed of a clean basal quartz sandstone overlain by mixed shale, limestone, and 

sandstone (Figures 14, 15). This shelf section is marine and fossil assemblages yield an 

Aptian to Santonian age (Kennerley, 1980; Tschopp, 1953). It is overlain disconformably 

by a thicker uppermost Cretaceous, chielfly Maastrichian, marginal marine to paralic 

section of variegated mudstones, claystones and marls. The Cretaceous sections in 

Ecuador and Colombia do not contain significant volcanic material, and they are sourced 

predominantly from the shield to the east, as indicated by onlap, distribution of facies and 

provenance of sandstones (Dashwood and Abbotts, 1990; Feininger, 1975; Feininger, 

1987; Tschopp, 1953). These characteristics indicate that there was not a volcanic arc 

built on South American crust along its northern Pacific margin at this time, and most of 

the abundant Cretaceous volcanic rocks known in the Cordillera Occidental and coastal 

regions of Ecuador and Colombia were forming somewhere offshore in the Pacific Ocean 

basin. The rnid- and Upper Cretaceous Celica volcanic strata (kcv assemblage) are an 

exception, and they were deposited on Amotape terrane in approximately their present 

position, although Andean shortening has since brought them closer to the platform 

assemblages. 

Central Andes 

The Cretaceous section in northern to central Peru on the east side of the Andes is 

similar to the shelf assemblage in Ecuador, except that it was bounded on the west by the 

Marmon high. It consists of continental clastic deposits at the base, overlain by marine 

layers, with Aptian and lower Albian fossils in the lower parts Oks assemblage) 

(FigureI6). The Albian to Santonian section is marine, and it is overlain by upper 
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Cretaceous continental sediments as in Ecuador, but the contact appears concordant. On 

the west of the Marafion high, the stratigraphic section is similar, except thicker and it 

began earlier, to that seen in the eastern Peruvian Andes and north. The section begins 

with uppermost Jurassic shales that contain some sandstone and tuffs, dated as Tithonian 

by fossil assemblages (Benavides-Caceres, 1956; Wilson, 1963), overlain 

paraconformably to conformably by continental quartzose sandstone. This sandstone is 

overlain by marine limestone with Valanginian fossils, followed by a marginal marine to 

non-marine clastic section. The sequence continues conformably up into shallow marine 

limestones, the uppermost parts of which have Santonian fossil assemblages (Benavides

Caceres, 1956). Tuffs have been noted in the uppermost Jurassic part, and a few minor 

tuffs also have been noted in the upper Neocomian Carhm'i.z Formation (Benavides

Caceres, 1956; Wilson, 1963). The remainder of this Cretaceous sequence apparently 

does not contain volcanic material. The Cretaceous sequence had maximum 

transgressions in the Albian and Turonian to Santonian (sea-level high stands) as seen in 

the northern Andes, and it was likely deposited over the top of the Marafion high during 

these episodes. This section was sourced from the east, as indicated by facies 

distribution, paleocurrents and provenance of clean quartzose sandstones (Benavides

Caceres, 1956; Coney, 1971; Wilson, 1963). 

The Upper Jurassic to Cretaceous section in southern Peru changes somewhat. In 

the Cuzco area, black shale with Callovian fossils underlies, apparently concordantly and 

conformably, thick sandstone with minor shale and limestone intercalations, one of which 

yielded Neocornian fossils (Yura Group). This sandstone underlies, again conformably, 

predominantly marine, fossiliferous Aptian through Turonian limestone of the Ferrobamba 

Formation (Marocco, 1975; Newell et al., 1953). This section overall is a mix of 

continental to shallow marine deposits, with the Neocomian part mixed continental and 

minor shallow marine, and the Albian-Turonian part mostly marine. 
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In the Western Cordillera and coastal region of southern Peru, the section is very 

similar although it has more marine horizons throughout, with mixed shallow marine

marginal marine-continental sediments of the Yura Group at the base, a primarily 

continental redbed section of the Murco Fonnation in the middle, and predominantly 

marine limestone of the Arcurquina Formation in the upper part (all jks assemblage) 

(Figure 17). The basal part is Callovian-Oxfordian based on ammonites and plant fossils 

in the continental parts, the upper limestone of the basal part is Neocomian, and the upper 

limestone contains abundant Albian through Turonian marine invertebrates (Jenks, 1946; 

Vargas V., 1970; Vicente, 1990). Tuffs and tuffaceous material are apparent only in the 

basal Middle to Upper Jurassic part of this conformable sequence near Arequipa (Jenks, 

1946; Vargas V., 1970). This Middle-Upper Jurassic into Upper Cretaceous section 

overlies the Lower Jurassic Chocolate Formation volcanic and volcaniclastic assemblage 

with erosional disconformity in southern Peru. North of the Arequipa area, but still in the 

coastal region of the Arequipa terrane, a thick andesitic volcanic sequence with interbedded 

marine sediments contains Middle and Late Jurassic fossils (Bellido and Guevara, 1963). 

Neocomian to mid-Cretaceous arc volcanic assemblages are not developed along the coast 

in this southern portion of Peru, although radiometric dates of the Cretaceous plutonic 

suite are as old as .... 100 Ma (Mukasa, 1986; Mukasa and Tilton, 1985b). 

On the Altiplano near Lake Titicaca, a Callovian to Upper Jurassic section of dark 

shales and limestone, the Lagunillas Group, is overlain by a predominantly continental 

redbed Cretaceous section (ktc assemblage). The Cretaceous section is very thick in the 

Putina syncline just on the east of Lake Titicaca, but it is well-dated only in one marine 

limestone horizon in the upper part as lower Cenomanian (Newell, 1949). Newell (1949) 

states that the Cretaceous is on the Jurassic with angular unconformity in one area, 

although this is not the disconformable to transitional relationship usually reported to the 

west and north (Marocco, 1975; Vargas V., 1970). This section has experienced a 

--------- --------
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complicated history of thrusting and extensional faulting in Late Cretaceous to recent 

orogenies (De Jong, 1974; Moore, 1990), so the depositional relations are not always 

apparent here, and additionally, the several Cretaceous and Tertiary continental redbed 

sections are often undated precisely and may be improperly identified. The Cretaceous 

section in the Putina syncline likely includes Lower Cretaceous rocks, and it is overlain 

with weak disconformity by Upper Cretaceous redbeds (Marocco and Noblet, 1990). The 

Jurassic and Cretaceous sections around Lake Titicaca and to the northwest are not present 

to the northeast in the Cordillera Oriental, but a poorly-known, thin continental section of 

probable Cretaceous age is present in the Sub-Andean region of southern Peru (1975; 

Marocco and Noblet, 1990). As noted earlier, in the Altiplano and Cordillera Oriental in 

central and southern Bolivia, thin undated continental deposits underlie dated Upper 

Cretaceous rocks, and are probably Jurassic and/or Early Cretaceous in age, although they 

are not dated directly (Sempere, 1986). 

Southern Andes 

Along the continental margin in northern Chile, the sea-level arc that began in the 

Late Triassic continued as an active are, still located near the present coastline, into the 

Late Jurassic and Early Cretaceous. The arc and back-arc domains continued to be near 

sea level in the Neocomian as indicated by adundant marine horizons. The continental 

margin became compressive in the mid-Cretaceous, uplifting the arc and back-arc areas so 

that the mid-Cretaceous and younger assemblages are almost entirely continental. 

Mpodozis and Ramos (1990) give an excellent regional summary of the distribution and 

characteristics of the Jurassic and Cretaceous arc and back-arc assemblages, and 

distinctions between latitudinal segments through all of Chile and Argentina. 

In the Antofagasta region of northern Chile, a clastic section with abundant 

andesitic lavas and marine limestone intercalations, called the Aeropuerto Formation, 

outcrops in the coastal ranges (kmv assemblage) (Figure 18) (Ferraris B. and Di Biase F., 

--------- ._--_._ .... _-
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1978). Although the exact limits are not defined, fossils from the interbedded marine 

limestones are Valanginian, Hautervian, and Barremian (Ferraris B. and Di Biase F., 

1978; Naranjo and Puig, 1984). This Neocomian section is usually in fault contact with 

the Lower to Upper Jurassic La Negra Formation, but a basal conglomerate in the 

Aeropuerto Formation contains clasts of the La Negra arc rocks. Abundant plutons Gki 

assemblage in part) that have yielded many -110-120 Ma radiometric dates intrude the 

Neocomian section (Boric P. et al., 1990; Naranjo and Puig, 1984). A similar Neocomian 

section of andesitic volcanic and associated sedimentary strata (also kmv assemblage) is 

abundantly present southward in the coastal ranges to south of Santiago (-35 S) (Levi, 

1973). 

An extensional, typically marine, back-arc basin was developed on the east of the 

Neocomian arc, in or near the Andes, as in the Jurassic. The Neocomian back-arc 

assemblage (also kmv) in the Cordillera Domeyko of the Antofagasta area is composed of 

the Santa Ana Formation, a predominantly clastic section that is marine in the lower part, 

grading upward to mixed marine and continental, then exclusively continental in the upper 

part (Ramirez R. and Gardeweg P., 1982). The marine parts yielded Tithonian

Neocomian fossil assemblages, and andesitic volcanics are occasionally present in this 

section (Ramirez R. and Gardeweg P., 1982). It disconformably overlies the Jurassic 

back-arc assemblage, primarily the Profeta Formation, and is overlain with angular 

unconformity by latest Cretaceous or Tertiary continental and volcanic assemblages (ktv). 

To the south along the Andes, a similar back-arc assemblage (kmv) is exposed, generally 

with Neocomian marine limestone and shale, overlain by regressive marginal marine and 

continental mid-Cretaceous clastic strata (Thiele C., 1980). The back-arc assemblage 

typically includes andesitic volcanic flows and clasts, indicating the proximity of the arc to 

the west (Mpodozis M. and Cornejo P., 1988; Naranjo and Puig, 1984; Ramirez R. and 

Gardeweg P., 1982; Thiele C., 1980). Both the Lower Cretaceous arc and back-arc 
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assemblages, grouped together as kmv, usually disconformably overlie the Middle-Upper 

Jurassic assemblages, although in the Chilean Andes north of Santiago an angular 

unconformity is noted between the mostly continental Upper Jurassic Mostazal Formation 

and the marine Neocomian Rio Tascadero Formation (Mpodozis M. and Cornejo P., 

1988). This regional Late Jurassic stratigraphic break suggests some change in the 

subduction regime, although the fundamental style of the continental margin did not 

change, continuing as an active sea-level arc with thermally subsiding back-arc. 

Farther south in Chile (-35 -40 S), where the Carboniferous coastal batholith is 

exposed, a few plutons and stocks along the eastern side of the coastal batholith and the 

western side of the Chilean Andes are all that is preserved and exposed of the Late 

Jurassic-Early Cretaceous arc rocks (Figure 19). However, the back-arc assemblage is 

present along the Andes immediately south of Santiago (l'hiele C. and Herve A., 1984), 

eventually outcropping on the east side of the Andes farther south, like the Lower-Middle 

Jurassic parts of the back-arc assemblage (Gonz3.lez Diaz and Nullo, 1980; Yrigoyen, 

1979). The back-arc basin broadened from -36 -40 S in the Neuquen basin as shown by 

the extent of the Upper Jurassic-Lower Cretaceous back-arc assemblage (kIm 

assemblage). Mostly marine strata were deposited in the central core of the Neuquen 

basin, interfingering with continental clastic deposits that were pouring into the basin from 

the east throughout the Early Cretaceous (Figure 20) (Digregorio and Uliana, 1980; 

Volkheimer and Musacchio, 1980). 

Far southern Andes 

In the Patagonian region, the arc was in approximately its present position 

beginning in the late Middle Jurassic, as indicated by the oldest radiometric dates on the 

Patagonian batholith (ki assemblage) and common Upper Jurassic to mid-Cretaceous 

intermediate to acidic volcanic and sedimentary strata Gp, kd, kcq, ky assemblages) within 

and along the east side of the Patagonian Andes. In the Patagonian Andes, volcanic 
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deposits predominated in the Middle-Late Jurassic UP assemblage) and mid-Cretaceous 

(kd, ky assemblages), while marine back-arc and within-arc sedimentary assemblages 

(kcq, ky) were most extensive in the Early Cretaceous (Neocomian) (Figures 8,20,21). 

The back-arc assemblages are least developed in the northern Patagonian Andes compared 

to all the rest of the Andes from northern Chile southward. 

In the northern Patagonian Andes (-41-48 S), andesitic-dacitic flows, rhyolitic 

tuffs, and associated volcaniclastic rocks of the Lago La Plata and Ibanez Formations 

usually overlie metamorphosed Paleozoic rocks. The oldest radiometric dates yielded by 

these volcanics are -160 Ma (Late Jurassic) (Ramos et al., 1982), and they are 

stratigraphically constrained to Middle and Upper Jurassic (overlie Toarcian beds, underlie 

Tithonian beds) (Haller and Lapido, 1982). Tithonian-Neocomian (Coyhaique Group, 

kcq assemblage) marine sandstone, black shale and limestone, mixed with volcanic layers 

in some areas, usually transitionally overlie the Jurassic volcanic section (Haller and 

Lapido, 1982). There is often increasing volcanic input in the western parts of these 

sedimentary sections, and they represent limited back-arc and intra-arc basin development 

in this segment of the Andes (Haller and Lapido, 1982; Mpodozis and Ramos, 1990; 

Niemeyer R. et al., 1984; Ramos et al., 1982). The extensive volcanic and volcaniclastic 

strata of the Divisadero Group (kd assemblage) in turn usually transitionally overlie the 

Neocomian section, with submarine volcanic layers often seen in the lower parts while the 

majority of the group is continental and sub-aerial. KlAr radiometric dates from this 

andesitic to rhyolitic volcanic assemblage cluster around -110 Ma with some dates ranging 

into Late Cretaceous (Haller and Lapido, 1982; Ramos et al., 1982; Riccardi and Rolleri, 

1980). The Patagonian batholith yields KlAr and RblSr radiometric dates as old as -160 

Ma, corresponding to the Middle-Upper Jurassic volcanic assemblage, and the dates peak 

around -95-110 Ma, corresponding to the mid-Cretaceous Divisadero volcanic assemblage 

(Haller and Lapido, 1982; Halpern, 1973; Pankhurst et al., 1992; Ramos et al., 1982; 

------------------------
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Riccardi and Rolleri, 1980). As in the rest of Chile and Argentina, the arc changes 

fundamental character to a compressive regime in the mid-Cretaceous resulting in an 

abundance of magmatism and general uplift producing continental facies. These mid

Cretaceous assemblages (kd and others) belong with the next group of assemblages due to 

this fundamental tectonic change, and will be discussed further in the next section. 

In the southernmost Andes (-48 -56 S), Late Jurassic-Early Cretaceous back-arc 

crustal extension progressively increased to the south, indicated by an increasing amount 

of mafic dikes to the south intruding the continental crust, until a basin floored by tholeiitic 

crust, the Rocas Verdes marginal basin, was formed in southern Patagonia south of 50 S 

and in Tierra del Fuego, culminating in the Neocomian (Dalziel et al., 1974; Ramos et al., 

1982). This assemblage (st) of mafic crust, the Sarmiento and Tortuga complexes, 

includes pillow basalts, gabbros and mafic dikes, and radiometric dates on these 

complexes range from 103-141 Ma (Bruhn and Dalziel, 1977; Carninos, 1980). More 

recent U/Pb zircon dating on Sarmiento complex plagiogranites yielded well-constrained 

lower intercept ages of 137.10.6 Ma and 140.70.7 Ma (Stern et al., 1992). Thick 

sections of up to 3000 m of turbidites, (ky assemblage) named the Yahgan Formation in 

Tierra del Fuego, were deposited in this marginal basin. The deposition of the turbidites 

began in the Tithonian before the formation of the mafic crust in the basin, and continued 

as the basin developed (Caminos, 1980). Volcanic material from the adjacent arc is 

abundant in the Yahgan assemblage, especially to the west and southwest nearer the Upper 

Jurassic-Cretaceous arc location. Calc-alkaline volcanic sections of the Hardy Formation, 

part of the Late Jurassic-Early Cretaceous arc, are preserved on the southwest side of the 

marginal basin (Caminos, 1980). The marginal basin sedimentary deposits conformably 

overlie the Tobifera Series silicic extrusive assemblage (tb). As in the northern Patagonia 

Andes, the arc batholith in southern Patagonian and Tierra del Fuego was formed largely 

during the Late Jurassic and Cretaceous. The oldest dates are -160 Ma, and there is a 
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peak of plutonism -95-110 Ma, as shown by a concentration of radiometric dates 

(Halpern, 1973; Herve et aI., 1979; Herve et al., 1984; Ramos et al., 1982). Also as in 

the northern Patagonian Andes, the character of the arc and back-arc regions changed from 

extensional to compressional in the mid-Cretaceous, as established by folded marginal 

basin deposits as young as Aptian intruded by undefonned plutons that yield 80-90 Ma 

ages (Bruhn and Dalziel, 1977; Wilson, 1991; Winslow, 1982). 

To the east of the arc assemblages, all across Patagonia from northen Patagonia to 

Tierra del Fuego, a silicic volcanic sequence was erupted during the latest Middle and Late 

Jurassic (Callovian-Oxfordian), as indicated by radiometric dates of -155-165 Ma (Bruhn 

et al., 1978; Gust et aI., 1985). This volcanic assemblage (tb) includes, as discussed 

previously, the Tobifera Series and EI Quemado complex in southern Patagonian and 

Tierra del Fuego (Figure 21). These volcanic sections are well-known from outcrop and 

throughout the subsurface of the Austral (Magallanes) basin (Gust et al., 1985). Their 

broad extent, chemistry and association with normal faults links them to a crustal anatexis 

event associated with general crustal extension of the whole Patagonian region in the late 

Middle to Late Jurassic (Bruhn et al., 1978; Gust et al., 1985). This assemblage is a 

manifestation of crustal extension within a broad region of Gondwana, including 

Patagonia and adjacent continental shelf as well as southernmost Africa and areas of 

Antarctica, that began the break-up of Gondwana, separating West Gondwana (Africa

South America) from East Gondwana (Antarctica-India-Australia) in the Middle-Late 

Jurassic, followed by the earliest Cretaceous separation between southern South America 

and Africa. 

The marine back-arc basin in southern Patagonia and Tierra del Fuego collapsed 

and was uplifted in the mid-Cretaceous. The progressive shortening of the fonner 

extensional back-arc basin caused a transition to a foreland basin east of the arc, and this 

basin remained marine in the southernmost Austral or Magallanes basin as the axis of the 
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basin shifted eastward and northeastward as the thrusting progressed in the immediate 

back-arc area (Wilson, 1991; Winslow, 1982). Continental facies of the arc and back-arc 

were deposited to varying degrees in and along the remainder of Patagonia Andes during 

the mid- and Late Cretaceous (Haller and Lapido, 1982; Mpodozis and Ramos, 1990; 

Ramos et al., 1982; Wilson, 1991). Poorly dated continental clastic strata (kc 

assemblage), including tuffs and volcanic clasts from the uplifted arc, were deposited in 

the mid- and Late Cretaceous over much of the extra-Andean part of Patagonia. (de Giusto 

et al., 1980; Lesta et al., 1980; Riccardi, 1987; Stipanicic and Methol, 1980) and these 

deposits will be discussed further in the next section. 

Upper Cretaceous assemblages 

General statement 

Upper Cretaceous rocks record the continuation of the two distinct tectonic 

environments of the Andean margin discussed in the previous section. In northern South 

America the continental margin continued subsiding, generally undisturbed into the Late 

Cretaceous, and the Upper Cretaceous assemblages in the northern Andes result from this 

tectonic setting. In the central and southern Andes the Upper Cretaceous assemblages 

were deposited in and around the continental margin arc that became a compressive, 

uplifted, continental margin arc in the mid-Cretaceous. In Peru, which is the transitional 

region between the distinct Cretaceous tectonic environments of the northern Andes and 

the central-southern Andes, a change in tectonic setting was recorded in the Late 

Cretaceous by a Senonian redbed assemblage (ktv in part) overlying the passive margin 

assemblage Oks). 

The basins in western Venezuela and the Eastern Cordillera region of Colombia 

that began accumulating marine sediments in the earliest Cretaceous continued 

accumulating deposits through the Late Cretaceous and into the Paleocene (Macellari, 

1988). Continental platform areas of the northern Andean region outside of the 
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depocenters, where the Cretaceous transgression commenced in mid-Cretaceous (Aptian

Albian), also continued subsiding and accumulating sediments through the Late 

Cretaceous and into the Paleocene. The Cretaceous cratonic assemblage is similar south 

into the eastern Andes and foreland of Ecuador and northern Peru. In northern and central 

Peru, a distinct Upper Cretaceous redbed assemblage (ktv and ktc to NE), sourced from 

the west, disconformably overlies the 'passive margin' Cretaceous sequence that was 

sourced from the east (Megard, 1989). 

In southernmost Peru and Bolivia, primarily continental Upper Cretaceous 

sediments were deposited in the present Cordillera Oriental and eastern Altiplano regions, 

but a few marine horizons are present within this section (kp, ktc) (Sempere, 1986). The 

arc along the central and southern Andean margin continued as an active arc through the 

Cretaceous, but in the mid-Cretaceous, the arc changed character to a compressional 

system. This resulted in the uplift of the arc and previous back-arc basins as the crust here 

thickened by thrusting, causing the deposits of the arc and back-arc to became continental 

(ktv assemblage) (Herve et al., 1987; Mpodozis and Ramos, 1990). In the Salta basin in 

northern Argentina, continental sediments with one marine episode were deposited farther 

east (kts assemblage) (Marquillas and Salfity, 1988). The uplift of the arc and previous 

back-arc changed the primary source of the sediments, and the sediments were shed 

eastward onto the craton beginning in the mid-Cretaceous. This uplifted continental arc 

system extended from southern Peru to the tip of South America, but at the southern tip, 

the Magallanes back-arc basin remained marine throughout the transition, although it of 

course changed from an extensional basin to a foreland basin (Wilson, 1991; Winslow, 

1982). 

Northern Andes 

The Cretaceous depocenters of the Eastern Cordillera region of Colombia and into 

Venezuela continued their uninterrupted accumulation of sediments through the Cretaceous 
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(Figures 12, 13) (Gonzalez de Juana et al., 1980; Macellari, 1988; Renz, 1981; Reyment, 

1981). These Cretaceous sections (ks assemblages) are commonly greater than 2000 m 

thick, and much thicker sections have been reported in the depocenters (BUrgI, 1967; 

Fabre, 1981; Fabre, 1983a; Gonzalez de Juana et al., 1980; Renz, 1981), although the 

thickness of some of these sections has been revised downwards (Macellari, 1988). The 

extensive Andean imbricate thrusting of these Cretaceous sections complicates thickness 

measurements, nevertheless, sections with detailed fossil control have yielded thicknesses 

of up to .... 7000 m (Fabre, 1981; Fabre, 1983a; Gonzalez de Juana et al., 1980; Macellari, 

1988). The thinner shelf sections (n, jks and ktc) to the south in Ecuador and northern 

Peru, onto the craton to the east, and into eastern Venezuela also are generally continuous 

from mid-Cretaceous (Albian) to Santonian at least, and usually into Lower Tertiary. 

Regionally, the maximum marine transgessions are in the Albian and Turonian to 

Santonian (Macellari, 1988). Quartz sands from the Guyana shield covered much of the 

shelf area from eastern Venezuela (femblador Group), into western Venezuela 

(Aguardiente Formation), through Colombia (Une and Caballos Formations), Ecuador 

(Hollin Formation), and into Peru (Cushabatay Fomation) in the Aptian-Albian, just prior 

to the first maximum transgression (Gonzalez de Juana et al., 1980; Govea R. and 

Aguilera B., 1980; Kennerley, 1980; Kummel, 1948; Macellari, 1988; Renz, 1981; 

Tschopp, 1953). An outer shelf euxinic facies of limestone, shale and chert of La Luna 

Formation characterizes the second maximum in western Venezuela and the Eastern 

Cordillera region of Colombia (Macellari and De Vries, 1987; Renz, 1981), and a similar 

facies, the Querecual Formation, covered much of the continental margin into eastern 

Venezuela. In southern Colombia, Ecuador and northern Peru, Albian-Santonian shale, 

limestone and sandstone of the Villeta, Napo and Chonta Formations typically overlie the 

Albian quartz sandstones, and were deposited during the primary marine transgressions. 

There is a regional regression in latest Cretaceous-Early Tertiary, and the upper parts of 

---------- ---- .-- -
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these sequences consist of shallow marine, deltaic and other continental facies, often with 

abundant carbonaceous horizons that develop into major coal deposits in some areas. The 

distribution of the various facies in these basins and shelf areas has been studied 

extensively, as the Cretaceous section is the primary source, and includes reservoirs, for 

the large oil accumulations in northwestern South America. 

The sediment source throughout the Cretaceous for the clastic layers in Colombia 

and Ecuador was predominantly the Guyana shield to the east, with minor clastic input 

noted locally from the Central Cordillera area in Colombia (Feininger and Bristow, 1980; 

Irving, 1975). Several plutons (ki assemblage) intruded the west side of the Central 

Cordillera, beginning in the mid-Cretaceous (-120 Ma), and extending to the latest 

Cretaceous Antioquia batholith (-68-83 Ma K/ Ar mineral dates) in the northern part of the 

Central Cordillera (Alvarez A., 1983; Aspden et al., 1987; McCourt et al., 1984; 

Toussaint and Restrepo, 1982). These intrusions, which are generally calc-alkaline, are 

likely the result of highly oblique subduction along this part of the continental margin, but 

strike-slip deformation or the accretion of the Amaime and Cauca-Macuchi terranes may 

also have played a role in their creation (Aspden et al., 1987; Cole, 1990; Pardo-Casas and 

Molnar, 1987; Pilger, 1983). No Cretaceous volcanic sections that would be expected 

above a subduction zone are preserved in the Central Cordillera, and no apparent major 

volcanic source has been noted in the coeval sediments to the east in the Eastern 

Cordillera. Radiometric dates also indicate mid-Cretaceous metamorphism along the 

western edge of the Central Cordillera, corresponding with accretion of the oceanic 

Amaime terrane (Aspden and McCourt, 1986b). These tectonic events are on the western 

margin of the continent at this time, and do not disturb the subsidence and continuous 

deposition, sourced primarily from the craton, in the Eastern Cordillera area in any major 

way. The Central Cordillera has been displaced post-mid-Cretaceous along strike-slip 

faults of uncertain displacement relative to the adjacent areas to the east (Feininger, 1970), 
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The Cretaceous section in the Oriente region of Ecuador, as in Colombia, is 

sourced from the craton and is continuous and undisturbed into Late Cretaceous 

(Santonian or lowermost Campanian) (Dashwood and Abbotts, 1990; Kennerley, 1980). 

In the Oriente region of Ecuador, the craton-sourced Cretaceous section (n assemblage) is 

overlain with erosional unconformity by the Maastrichian-?Paleocene Tena Formation 

(also n assemblage), in contrast to the continuous Cretaceous section in the Eastern 

Cordillera of Colombia (Figure 14). The Tena Formation, here grouped with the Napo 

assemblage, is composed of interlayered shallow marine, paralic and continental facies of 

reddish, grey and greenish fine-grained clastics, and it increases in thickness to the west. 

The Margajitas assemblage, composed of phyllite, slate and quartzite, is located between 

two thrust faults and just east of the boundary of the Cordillera Real in Ecuador. It is a 

probable metamorphic equivalent of some part of the Cretaceous section in the Oriente, 

although it is undated directly (Baldock and Longo, 1982; Feininger, 1975). The 

unconformity between the Tena and Napo Formations, and the non-marine facies of the 

Tena Formation appear to be a result of the accretion of the Cauca-Macuchi terrane. The 

timing of the accretion is also indicated by a concentration of Late Cretaceous radiometric 

dates (85-65 Ma K/ Ar, thermal overprinting) in the metamorphic rocks of the Cordillera 

Real (Aspden et aI., 1992b; Hall and Calle, 1982). The Yungilla Formation in the Sierra 

of southern Ecuador is a Maastrichtian flysch-like section, unconformably overlying the 

metamorphic rocks of the Cordillera Real, and is likely a distal equivalent of the Tena 

Formation (Aspden and Litherland, 1992; Feininger and Bristow, 1980; Kennerley, 

1980). 

In southernmost Ecuador and northernmost Peru on the Amotape terrane, mid

Cretaceous marine sedimentary rocks of the Alamor assemblage (ka) and Upper 
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Cretaceous sedimentary and volcanic rocks of the Celica Fonnation (kcv) unconfonnably 

overlie upper Paleozoic sections or metamorphic rocks (Benavides-Caceres, 1956; 

Cobbing et al., 1981; Iddings and Olsson, 1928; Kennerley, 1980). Mid- to Upper 

Cretaceous plutons intrude the Amotape and Zamora terranes in this area (Cobbing et al., 

1981; Feininger and Bristow, 1980; Hall and Calle, 1982). These Cretaceous 

assemblages are here considered overlap assemblages, but will be discussed further with 

the Amotape terrane as they are somewhat distinct, and are separated in outcrop from the 

cratonic Cretaceous assemblages. 

Central Andes 

The marine Lower Cretaceous passive margin section in central Peru is 

confonnable and continuous into Upper Cretaceous rocks (all jks) (Figure 16). The thick 

Jumasha Fonnation shallow marine limestone, of late Albian-Turonian age, characterizes 

this part of the section on the west of the Marafion high (Benavides-Caceres, 1956). A 

similar and partially coeval limestone section extends into the Cuzco-Abancay region as the 

Ferrobamba Fonnation (Marocco, 1975) and into the Arequipa region of southern Peru as 

the Arcurquina Fonnation (Benavides Caceres, 1962; Jenks, 1946; Macellari, 1988; 

Vargas V., 1970). The Arcurquina Fonnation in the coastal region contains more clastic 

material than the sections to the north, indicating the transition to the uplifted, continental 

arc tectonic setting that existed from northern Chile southward. Marine shale and thin 

limestones of the Celendfn Formation, which are as young as Santonian in the west and 

are slightly younger to the east as dated by marine invertebrates, overlie the Jumasha 

Fonnation and cap the passive margin assemblage in central Peru (Benavides-Caceres, 

1956). The Chonta Fonnation, composed chiefly of marine shale, siltstone, and 

limestone, is the equivalent Albian to Coniacian section in the Cretaceous platfonn area of 

northern Peru in the Cordillera Oriental, Sub-Andean belt, and into the foreland basin 

(Kummel, 1948; Macellari, 1988; Pardo A. and Zumga y Rivero, 1973). 
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In northern and central Peru, the Chota and Pocabamba Fonnations redbed clastic 

section contains volcanic clasts and overlies the marine sequence disconfonnably or with 

slight angular unconfonnity on the west, grading to a confonnable contact to the east. 

This section (ktv assemblage) coarsens to the west, and it was sourced from the west, as 

confirmed by the stronger unconfonnity to the west and by easterly paleocurrents 

(Benavides-Caceres, 1956; Megard, 1978; Wilson, 1963). The oldest part of this 

assemblage is Campanian, and it is apparently continuous up into the Eocene in places, 

although the age limits are often not well-constrained due to its continental character 

(Marocco, 1975; Megard, 1978). In northwestern Peru on the Amotape terrane, Upper 

Cretaceous conglomerates and sandstones also overlie the mid- to Upper Cretaceous or 

older strata with strong angular unconfonnity, recording the same tectonic change as the 

redbed assemblage in much of Peru. These coarse clastic strata in northwestern Peru 

contain a marine fauna of Campanian age (Benavides-Caceres, 1956; Travis, 1953). This 

predominantly redbed assemblage (ktv) in central and northern Peru records a clear change 

in the tectonics along this part of the margin around 80-90 Ma, and this change affected the 

type of sediments and their distribution all the way to the east of the present Andes. The 

equivalent assemblage to these redbeds in the Sub-Andean region of central and northern 

Peru consists of Vivian Fonnation fluvio-deltaic sandstone, conglomerate and shale with 

plant remains, confonnably overlying the Albian-Santonian marine section (Kummel, 

1948; Pardo A. and Zuruga y Rivero, 1973). A similar section may extend into the Sub

Andean region of southern Peru, although this area is not well-known (pardo A. and 

Zuruga y Rivero, 1973). This Senonian assemblage (ktc) in the Sub-Andean region is 

mostly continental, but thin marine and brackish water deposits of the Cachiyacu 

Fonnation, which contain Maastrichtian fossils, overlie the Vivian in some areas (pardo 

A. and Zuruga y Rivero, 1973). The section in the Sub-Andean region, like in parts of the 
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Cordillera, apparently grades continuously upward into Paleogene redbeds, with exact 

ages not well-known due to the predominantly continental nature of the deposits. 

Along coastal Peru, a linear belt of mid- and Upper Cretaceous granitoids (mcg 

assemblage) extend nearly the length of Peru, and their ages indicate that they were 

intruded during the fundamental tectonic transition indicated by the sedimentary 

assemblages of the continental margin. The first peak of intrusion of the Coastal batholith 

is around 105-100 Ma, well-dated by UlPb, Rb/Sr and KlAr methods (Cobbing et al., 

1981; Mtkulsa, 1986; Mukasa and Tilton, 1985b). The plutons of this assemblage (mcg) 

are predominantly tonalites and granodiorites, with some geochemical differences 

depending on which older crustal segment of the margin they intruded (Cobbing, 1982; 

Cobbing et al., 1981; Harmon and Barreiro, 1984; Harmon et al., 1984; Mukasa, 1986; 

Mukasa and Tilton, 1984; Mukasa and Tilton, 1985a; Mukasa and Tilton, 1985b; Pitcher 

et al., 1985). Overall, plutons of this assemblage have yielded radiometric dates from 105 

to -60 Ma, with another cluster of dates at -38 Ma (Cobbing et al., 1981; Mukasa, 1986; 

Mukasa and Tilton, 1985b). 

The Lower Cretaceous to Santonian passive margin section in central Peru contains 

no obvious volcanic component, indicating that the thick coeval, chiefly submarine, 

volcanic section found in the nearby Canta terrane must have been erupted at least some 

distance offshore. This offshore arc or marginal basin (Atherton et al., 1983; Atherton 

and Webb, 1989; Cobbing, 1985; Cobbing et al., 1981) began to collapse towards the 

margin at about 110-100 Ma, and it was uplifted and began shedding sediments to the east 

by about 80 Ma, as it was accreted onto the margin. Subduction of Pacific basin oceanic 

crust under the Canta terrane accompanied the collapse, accretion and uplift of the Canta 

terrane, as indicated by the oldest syntectonic parts (-105 Ma) of the Coastal batholith 

assemblage. As discussed previously, the continental margin in the central and southern 

Andes changed to a compressive system in the mid-Cretaceous. In central Peru, an 
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uplifted arc shedding sediments to the east is not developed until Late Cretaceous ( .... 80-85 

Ma), but the transition was recorded in the offshore arc-marginal basin of the Canta terrane 

by the folding of the Casma Group volcanics and intrusion by syntectonic .... 105 Ma arc 

plutons. Two large-scale plate tectonic events account for the distinct tectonic change 

along all the central and southern Andes: a general increase in spreading rates in the 

Pacific basin beginning in the Aptian (Larson, 1991) and the opening of the Atlantic 

between South America and Africa in Early to mid-Cretaceous ( .... 135 Ma in the south, to 

.... 110 Ma in the central part) (Scotese et al., 1988). In central Peru the major tectonic 

change, as reflected by the section on the continental margin, lags after the plate tectonic 

changes by .... 20 Ma probably due to the intervening thinner crust of the oceanic arc and 

marginal basin of the Canta terrane. 

A latest Cretaceous-early Tertiary redbed clastic section (ktc & ktv assemblages) is 

also present to the south in Peru, similar to the Chota and Pocabamba Formations in 

central and northern Peru (Figure 17). In the Cuzco area, it is composed of .... 2000 m of 

mostly fluvial sandstone, conglomerate, and shale with some gypsum and salt layers. 

Charophytes suggest a Maastrichian to middle Eocene age range (Marocco, 1975), and 

more recent discoveries of vertebrate footprints in the upper part of the redbeds suggest a 

Maastrichtian-?Paleocene age (Marocco and Noblet, 1990). On the northeast side of Lake 

Titicaca, a Senonian-Paleocene clastic redbed section disconformably overlies an also 

predominantly continental, Lower to Upper Cretaceous section in the Putina basin. These 

two Cretaceous assemblages are not well-dated throughout, but the marine Ayavacas 

limestone at the base of the Moho Formation, which is the uppermost part of the 

underlying Lower-Upper Cretaceous section, yielded early Cenomanian fossils (Newell, 

1949). On the west of Lake Titicaca, Puno Group coarse clastic strata, with volcanic 

clasts and tuffs, unconformably overlie an Upper Cretaceous (Cenomanian to ?Santonian) 

section that is thinner than in the Putina basin (Ellison et al., 1989; Marocco and Noblet, 
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1990; Newell, 1949). The lowennost part of the Puno Group yielded diverse 

Maastrichian vertebrate fossils in one area and Oligocene charophytes from other areas 

(Ellison et al., 1989; Newell, 1949). KlAr dates on tuffs within strata that are considered 

Puno Group are as young as -16 Ma (Ellison et al., 1989; Sebrier et aI., 1988). These 

uppennost Cretaceous and Paleogene sections west and northwest of Lake Titicaca and 

into the Western Cordillera are apparently confonnable, but due to their continental nature 

and hence poor dating, time correlation between sections is only now beginning to be 

worked out (Ellison et al., 1989; Sebrier et al., 1988). To the southwest, the 

unconfonnity between the Puno Group or equivalent fonnations, and the thin lower Upper 

Cretaceous assemblage increases in angularity, and the Puno section is coarser. Many of 

these Senonian or Paleogene sections in southern Peru coarsen upwards, as reported in the 

Huanca Fonnation of the Western Cordillera (Ellison et al., 1989) as well as in fonnations 

of the Cuzco area (Marocco and Noblet, 1990). In the coastal region of southern Peru, as 

in central Peru, an Upper Cretaceous-Lower Tertiary calc-alkaline plutonic suite (mcg 

assemblage) parallels the coast, accompanied in a few areas by an extrusive volcanic suite 

(ktv assemblage). Radiometric dating shows that the oldest plutons are -100 Ma, and they 

extend up to approximately 60 Ma (Ellison et al., 1989; Mukasa, 1986; Mukasa and 

Tilton, 1985b; Stewart et al., 1974). The volcanic rocks are, in part, intruded by latest 

Cretaceous and Paleogene plutons (Noble et al., 1985). In the coastal region near 

Arequipa the Jurassic to lower Upper Cretaceous marine assemblage Oks), which includes 

the Yura Group and Arcurquina Fonnation, was strongly folded and intruded by 

undefonned earliest Tertiary (62 Ma) plutons (Ellison et al., 1989). As discussed here, a 

Late Cretaceous unconfonnity is well-displayed in southern Peru as in central and northern 

Peru. It resulted from uplift and shortening on the west, and this uplifted region was 

eroded and shed sediments to the east into continental foreland basins. Subduction of 

Pacific basin oceanic crust under either South America or the Canta terrane offshore arc-
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marginal basin accompanied the shortening and uplift, and it continued into the Tertiary. 

The increased Pacific basin spreading rate and opening of Atlantic, as discussed above, 

increased the coupling between the two plates along the subduction zone, and this caused 

the shortening of the arc and back-arc regions of the extended continental margin in 

southern Peru, northern Chile and of the Canta terrane in central to northern Peru. Vicente 

(1990) estimated -100 km as the minimum Late Cretaceous shortening in the back-arc 

Jurassic-Cretaceous section in southern Peru near Arequipa. 

In the Altiplano and Cordillera Oriental in Bolivia, the Cretaceous section is 

somewhat different from the section in Peru, reflecting its distal position on the craton, far 

from the arc and back-arc region in northern Chile (Figure 17). As in parts of Peru, there 

has been confusion in the literature about correlations between the various localities due to 

the chiefly continental nature of the Cretaceous, but a regional study and synthesis by 

Sempere (1986) has provided a sensible stratigraphic framework to these sections, and a 

review of the vertebrate paleontology clarified much of the age control on the Cretaceous

Paleocene sections (Gayet et al., 1991). A mostly continental clastic section (Puca or 

PotosI Groups, kp) that includes the Miraflores Formation, a Cenomanian marine 

limestone equivalent to Ayavacas limestone in Titicaca region, rests disconformably on 

undated continental sandstone of probable Early Cretaceous-Late Jurassic age or on older 

rocks (Sempere, 1986). Marine fauna in the Miraflores limestone provided the best age 

control for this part of the section (Gayet et al., 1991; Pareja L. et al., 1978; Sempere, 

1986). The AriofIlla and Chaunaca Formations above and Tarapaya Formation below the 

Miraflores Formation consist of predominantly reddish mudstone and siltstone with 

evaporites. A minor limestone at the base of the Chaunaca Formation yielded 

palynomorphs that indicate a Santonian to earliest Campanian age (Gayet et al., 1991). A 

lava within the upper part of one of these sections in central Bolivia yielded an 82.5 Ma K/ 

Ar date (Evernden et al., 1977). 
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As in southern Peru, a Late Cretaceous disconformity (-78 Ma) has been noted in 

Bolivia, occurring between the Chaunaca and EI Molino fonnations in the Cordillera 

Oriental and eastern Altiplano (Ahlfeld and Branisa, 1960; Evernden et al., 1977; Pareja L. 

et al., 1978; Sempere, 1986). The EI Molino Formation above this disconformity consists 

of fme-grained clastic strata, thin marls and limestones, and some tuffs, especially in the 

upper parts. Vertebrate fauna indicate a late Campanian-Maastrichtian age (Gayet et al., 

1991). Continental sections, of probable Paleocene age, confonnably overlie the 

uppermost Cretaceous in the Cordillera Oriental and Altiplano (Sempere, 1986). A thin 

section (Eslab6n and Flora Formations) of conglomerate, sandstone, shale, marl and 

limestone, which yielded Campanian-Maastricbian fossils, in the Sub-Andean region of 

northern Bolivia indicates the extension of the Upper Cretaceous assemblage (let) (Gayet et 

al., 1991; Pareja L. et al., 1978). 

In central Peru, the primary unconformity within the cratonic sequence is narrowly 

confined to near 80 Ma, as discussed above. The deposits above the unconformity 

dramatically changed in type and source direction. The sedimentary polarity change was 

also recorded in distal deposits in the Sub-Andean region of northern and central Peru. In 

southern Peru, the same unconformity is constrained to latest Cretaceous, although it 

represents a longer time span here. In northern Chile, there is also a general Late 

Cretaceous unconformity, but the similar transition to continental sedimentation, sourced 

from the arc region, was earlier, in the mid-Cretaceous. The more distal cratonic regions 

in southernmost Peru and Bolivia also recorded a Late Cretaceous unconformity, again 

more narrowly confmed to Campanian, as in rest of Peru. However, the assemblages 

above and below the unconformity in southern Peru and Bolivia were both deposited in 

predominantly continental conditions, not obviously changing as in central Peru. These 

differences in assemblages from central Peru to northern Chile, and how they define the 

Late Cretaceous unconformity illustrate the transition in tectonic setting of the margin from 
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the continental margin arc in Chile to the Canta terrane offshore arc-back-arc that was built 

on oceanic crust in central Peru. 

Southern Andes 

The arc and back-arc assemblages in northern Chile changed character in the mid

Cretaceous from predominantly marine, or at least containing common marine interbeds, 

to entirely continental (Herve et al., 1987; Mpodozis and Ramos, 1990). There are 

commonly strong angular unconformities of latest Early Cretaceous or Late Cretaceous age 

in northern to central Chile, but the continental and volcanic sequences that could precisely 

constrain the age of these unconformities generally lack sufficient dating. The marine 

parts of the arc and back-arc assemblages (kmv assemblage) from northern to central Chile 

are well-dated by fossil assemblages as Neocomian. In some areas the marine Lower 

Cretaceous section grades upward into continental sedimentary and volcanic strata, but the 

upper age limit of the entire conformable sequence is not precisely defined. The strong 

angular unconformities are usually bracketed between the Neocomian strata or the 

conformably overlying, undated continental section, and undeformed intruding plutons, 

overlying volcanic and volcaniclastic strata all of latest Cretaceous-earliest Tertiary age. 

In the Antofagasta region, an andesitic arc volcanic and sedimentary assemblage 

(Aeropuerto Formation and equivalents, kmv) yields primarily Neocomian marine fossils, 

but may extend into the Aptian and Albian (Ferraris B., 1978; Naranjo and Puig, 1984). 

Abundant diorite, granodiorite and granite plutons Uki assemblage in part) intruded and are 

spatially associated with the Aeropuerto Formation, and have yielded mostly -110-120 Ma 

dates with some as old as 130 Ma by several radiometric systems (Boric P. et al., 1990). 

The Neocomian marine arc assemblage outcrops in the coastal region into northernmost 

Chile. In general, the Lower Cretaceous arc and pluton assemblages outcrop just on the 

east side of the coastal Jurassic belt in northern Chile. 
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In the Domeyko ranges, east of the coastal region around Antofagasta, the 

predominantly sedimentary Santa Ana Formation includes dated Neocomian levels, and 

thick, undated directly, continental deposits of the Agua Helada Formation transitionally 

overlie the Santa Ana Formation (Naranjo and Puig, 1984) The continental section (ktv 

assemblage) coarsens upwards, and contains volcanic flows and tuffs throughout, 

indicating its proximity to the arc. It is likely Aptian-Albian and may include Upper 

Cretaceous deposits, but its upper age limit is not defined. A flow in a volcanic section 

that overlies the Santa Ana Formation with strong angular unconformity yielded a 72 2 

Ma K/Ar date (Naranjo and Puig, 1984). No marine Neocomian is preserved in the 

northern Domeyko range, but a continental redbed section, the lower part of the Purilactis 

Group, is apparently Upper Cretaceous, as it contains fossiliferous clasts of Middle to 

Upper Jurassic limestones and it was intruded by a 70 Ma tonalite (Ramfrez R. and 

Gardeweg P., 1982). Lower Tertiary rocks overlie this section with strong angular 

unconformity. In northernmost Chile in the Sierra de Moreno, a thick, subaerial, andesitic 

and dacitic volcanic and continental volcaniclastic section (Arca Formation) overlies the 

Upper Jurassic marine back-arc assemblage with disconformity to slight angular 

unconformity (Ramfrez R. and Huete L., 1981). It is folded and intruded by -70 Ma 

plutons and overlain with strong angular unconformity by Lower Tertiary volcanic strata. 

This section is likely mid- to Upper Cretaceous, but it could be in part non-marine 

Neocomian. Several -110 Ma K/ Ar reset ages have come from older plutons in this 

region, and a volcanic flow apparently of the Arca Formation yielded a 105 19 Ma RblSr 

date (Boric P. et al., 1990), both suggesting a mid-Cretaceous age for the Arca Formation. 

In central Chile, similar Lower to mid-Cretaceous arc and back-arc assemblages 

(kmv) parallel the coast, with the arc assemblages exposed in the coastal region and the 

back -arc assemblages exposed to the east in the Andes. Dated marine Neocomian strata 

outcrop in both the arc and back-arc regions, and a strong mid- to Late Cretaceous angular 
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unconfonnity is also typical in central Chile. North of Santiago in the coastal region, 

andesitic volcanic strata that have yielded KlAr dates ranging from 47-66 Ma and one of 

-72 Ma, overlie with angular unconformity a section of marine Neocomian and continental 

volcanic and sedimentary deposits without a precisely defined upper age limit (Naranjo 

and Puig, 1984). In the Chilean Andes north of Santiago, typical back-arc basin 

Neocomian limestones of the Rio Tascadero Fonnation grade upward into chiefly 

continental clastic and volcaniclastic deposits of the Pucalume Formation that lack a well

defined upper age limit (Mpodozis M. and Cornejo P., 1988). An andesitic volcanic arc 

section called the Vifiita Formation overlies the back-arc assemblage with slight angular 

unconfonnity, and it in turn is overlain with strong angular unconformity by another 

section of volcanic arc rocks of the Los Elquinos Formation that have yielded a few lower 

Tertiary KlAr dates (Mpodozis M. and Cornejo P., 1988). The Vinita Formation is most 

likely mid-Cretaceous to lower Upper Cretaceous based on these bracketing relationships, 

and the strong angular unconformity is only generally constrained to Late Cretaceous. 

South of Santiago in the Coast ranges, in a section described by Levi (1973), there 

are apparently two angular unconformities of mid- and Late Cretaceous age between arc 

assemblages that typically display basaltic andesite to dacite compositions. The older 

unconfonnity is between a -9 km thick mixed volcanic and clastic section (kmv 

assemblage) with latest Jurassic-Berriasian fossils at the base, and a 3-4 km thick 

overlying Upper Cretaceous continental clastic and volcanic sequence (ktv assemblage), 

dated by fossil flora with poorly defined limits within the Late Cretaceous. The younger 

unconformity is between this Upper Cretaceous sequence and the Lo Valle Formation, a 

thinner volcanic and clastic sequence (also ktv assemblage) with a Paleocene flora, 

generally constraining the unconformity to latest Cretaceous-early Paleocene. Radiometric 

dates of 65-78 Ma KI Ar from flows in Lo Valle Formation generally confirm the latest 

Cretaceous-earliest Tertiary age (Drake et al., 1982). An intrusive arc assemblage (kti) 
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accompanies the Lower to mid-Cretaceous arc assemblage in the coastal region, and both 

are exposed just east of the Jurassic belt of plutons (Aguirre, 1983; Drake et al., 1982). In 

the Andes south of Santiago, there is only a disconformity to slight angular unconformity 

between the Lower to mid-Cretaceous back-arc assemblage (kmv) and the overlying 

Lower Tertiary arc assemblage (ktv) (Thiele C., 1980). As is typical in Chile, the back

arc assemblage consists of Neocomian marine deposits grading upward into a mostly 

continental section, except here it contains some Albian fossils, and the overlying arc 

assemblage is primarily a volcanic section with radiometric dates as old as 62 Ma (Thiele 

C., 1980). 

Farther south in Chile, where the Carboniferous batholith is exposed in the coastal 

region, essentially no Cretaceous arc volcanic rocks are preserved or at least exposed. 

However, the Cretaceous arc is represented by an intrusive assemblage (kti) that is part of 

the composite Andean batholith in the Andes from -36 to 40 S (Aguirre, 1983; Drake et 

al., 1982; Munizaga et al., 1985). In the broad Cretaceous back-arc Neuquen basin there 

is a regional disconformity between the Lower Cretaceous and the Upper Cretaceous 

sections (Figure 20) (Digregorio and Uliana, 1980; Gonzalez Diaz and Nullo, 1980). The 

Upper Cretaceous assemblage (kn) here consists of a lower section of continental fluvial 

clastic strata and an upper part composed of similar clastic strata to the west and finer

grained mixed marine, evaporitic and continental horizons to the east. This section overall 

was sourced primarily from the west, and fossils from the upper part indicate a Late 

Cretaceous age (Digregorio and Uliana, 1980; Gonzalez Diaz and Nullo, 1980). The 

disconformity represents the mid- to early Late Cretaceous transition of the Neuquen basin 

from an extensional back-arc basin to a foreland basin in the Late Cretaceous. 

Cretaceous assemblages also outcrop east of the Andes in the Salta basin of 

northern Argentina and the Pampean area of central Argentina (Figures 18, 19). In the 

Pampean region, an up to -400 m thick redbed assemblage (klc), composed of mostly 
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polymictic conglomerate, but also including alkaline olivine basalt flows, overlies 

metamorphic basement (Caminos, 1979b; Gordillo and Lencinas, 1979; Michaut, 1979). 

Radiometric dates on the interbedded flows range from 112-128 Ma (KIAr). indicating an 

Early Cretaceous age (Gordillo and Lencinas, 1979). In the Salta basin in northern 

Argentina. the basal part of a thick sequence (kts assemblage) is similar to the redbed 

assemblage in the Pampean region. but here the subsiding basin continued accumulating 

deposits without any major unconfonnities through the Cretaceous and into Early Tertiary. 

In the Salta basin. the Cretaceous section also commences with conglomerate and 

sandstone redbeds, with interbedded basalts and tuffs (Mingramm et al .• 1979). KlAr 

dates on the interbedded volcanics range from 128 to 76 Ma in this up to 3000 m thick 

section (Marquillas and Salfity, 1988; Mingramm et al., 1979; Turner and Mon, 1979). A 

minor disconfonnity is recognized within the Salta basin section by an occasionally 

present basal conglomerate (Marquillas and Salfity, 1988). Above the disconfonnity. 

another continental clastic section with tuffs is overlain by Campanian-Maastrichian 

shallow marine marls and limestone. This section grades upward into continental and 

lacustrine calcareous shales and siltstones. with fish and mammal fossils that indicate 

Paleocene and perhaps early Eocene ages (Marquillas and Salfity. 1988; Mingramm et al., 

1979; Turner and Mon, 1979). Small areas of the Salta assemblage are exposed as far 

west as around the fringes of the Puna plateau, and a few intrusions that yielded 

radiometric dates of 110 to 130 Ma are known in the Cordillera Oriental and Puna of 

northern Argentina (Coira et al .• 1982; Turner and Mendez, 1979; Turner and Mon, 

1979). The disconfonnity in the Salta basin section is equivalent to the -80 Ma 

unconfonnity in Bolivia and Peru. and the marine transgressions in the latest Cretaceous 

are also equivalent, at least in part, to the minor marine horizons of the EI Molino 

Formation in Bolivia and similar sections in other parts of Bolivia and Peru. 
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Far southern Andes 

The Patagonian batholith (ki assemblage) has yielded common Early and Late 

Cretaceous radiometric dates throughout its length, ranging overall from -160 Ma to -80 

Ma, but with the dates concentrated around 95-110 Ma (Figures 20, 21) (Aguirre, 1983; 

Gonz3.lez Diaz, 1982; Halpern, 1973; Herve et al., 1984; Pankhurst et al., 1992; Ramos et 

aI., 1982). The tonalite, diorite, granodiorite, and granite intrusions show expected 

chemical variations for an arc batholith from west to east (Nelson et al., 1988; Pankhurst 

et al., 1992; Ramos et al., 1982; Stem and Stroup, 1982). The volcanic and volcaniclastic 

strata of the Divisadero Group in the Patagonian Andes (kd assemblage) that are also 

products of this arc are mostly Lower and mid-Cretaceous, but they extend into the Upper 

Cretaceous in places. The volcanics are intermediate to acidic and have yielded KlAr dates 

as young as 93 3 and 111 2 Ma (Ramos et aI., 1982; Riccardi, 1988). Some parts of 

the Divisadero assemblage (kd) were intruded by plutons of the Patagonian batholith that 

yielded KlAr dates from 115 to 83 Ma (see Riccardi, 1988 for dating summary). In Tierra 

del Fuego and vicinity, calc-alkaline granitoids of the Cretaceous batholith that have 

yielded radiometric dates of 80 to 110 are typically deformed, and are intruded by a 

Tertiary suite of post-tectonic calc-alkaline plutons (Herve et al., 1984). The uppermost 

Jurassic to mid-Cretaceous Yaghan Formation (ky assemblage) in southernmost Patagonia 

and Tierra del Fuego, including the Tekenika conglomerate, was also penetratively 

deformed during this mid- to Late Cretaceous orogenic episode (Dott et al., 1977). 

Cordillera Darwin was rapidly uplifted between -95 to -65 Ma following penetrative 

deformation, consistent with the mid-Cretaceous closure of the marginal basin and 

ongoing development of the orogen during the foreland basin sedimentation (Dott et al., 

1982; Nelson et al., 1980). 

Over broad regions of Patagonia (40 -48 S) east of the Andes, continental clastic 

strata were deposited during the Cretaceous. This assemblage, which consists of the 
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Chubut Group and equivalents, (kc) consists of fluvial sandstone, conglomerate, and 

finer-grained clastics with substantial volcanic input, as both sedimentary material and 

pyroclastics, from the Cretaceous arc to the west (Lesta et al., 1980; Stipanicic and 

Methol, 1980). It is poorly dated in general, although fossil flora throughout and dinosaur 

remains from the top suggest mid- and Upper Cretaceous ages (Lesta et al., 1980; 

Macellari, 1988; Riccardi, 1987; Stipanicic and Methol, 1980). Paleosols are common 

within the Chubut Group, and precise dating within the Cretaceous parts of the section is 

lacking due to its continental nature. The depocenter of this assemblage was the San Jorge 

basin, between the Deseado and Northern Patagonian or Somoncura massifs, where the 

Chubut Group overlies dated Neocomian sedimentary strata in the subsurface, and it 

onlapped large parts of the massifs during parts of the Cretaceous (Lesta et al., 1980; 

Riccardi, 1987). 

In the Magallanes or Austral basin on the east and northeast of the southernmost 

Andes, deposition continued in the eastward and northeastward, in present coordinates, 

migrating axis of the basin without any significant breaks into and through the Late 

Cretaceous (Katz, 1963; Wilson, 1991; Winslow, 1982). The Magallanes basin changed 

from an extensional back-arc to a compressive foreland basin in the mid-Cretaceous 

(Biddle et al., 1986; Wilson, 1991; Winslow, 1982), causing the eastward and 

northeastward migration of the basin axis as the east and northeast-vergent foreland fold 

and thrust belt developed. Thick mid- and Upper Cretaceous deposits (ky assemblage in 

part) accumulated in this foreland basin, and the deposits that were closest to the arc were 

later deformed and uplifted in the latest Cretaceous and Tertiary, now exposed in a wide 

belt along the east and northeast of the igneous and metamorphic core of the Patagonian 

Andes. 

In this belt of Cretaceous outcrop, sandstone turbidites of the Punta Barrosa 

Formation overlie Neocomian mudstones of the Zapata Formation that are a marginal basin 

----- ._-_. ---- .. - ---.- --
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facies cratonward from the more volcaniclastic Neocomian Yahgan Formation. Wilson 

(1991) interpreted the Punta Barrosa Fonnation as the fIrst sediments in the area that were 

deposited in a compressional foreland basin setting, as indicated by the change in transport 

direction and the change from a silicic magmatic source to a calc-alkaline magmatic source 

(Dott et al., 1982). The coarsening-upward Punta Barrosa turbidites were deposited in the 

trough of the foreland basin, transported axially into the basin from the NNW (Wilson, 

1991), while the underlying Zapata was deposited on the west-dipping slope of the 

thermally subsiding western edge of the continental platform, adjacent to the marginal 

basin floored by mafIc crust Sparse ammonites indicate an Albian to Cenomanian age for 

the Punta Barrosa Formation (Wilson, 1991). The eastward step of the basin axis, as 

indicated by the Punta Barrosa sedimentology, also argues for the closure of the marginal 

basin and the initiation of the foreland basin setting in the mid-Cretaceous (-110-100 Ma). 

A corresponding increase in water depth from hundreds of meters to 1000-2000 m in the 

Albian-Cenomanian, as well as the tremendous overall thickness of 6 to 7 km of Upper 

Cretaceous strata in the same area, also reflect the flexed foreland basin moat setting of the 

Punta Barrosa and overlying Upper Cretaceous strata (Biddle et al., 1986; Dott et al., 

1982; Natland et al., 1974; Wilson, 1991). A similar history is known in Tierra del Fuego 

within and north of the fold and thrust belt in the subsurface (Winslow, 1982). 

Other arc-derived turbidite fan deposits conformably overlie the Punta Barrosa, 

and they were brought into the basin by similar north to south paleocurrents. These 

deposits of the Cerro Toro Formation and lower to middle Tres Pasos Formation include 

some inner fan channel conglomerates (Lago Sofia member) and range from Cenomanian 

to Maastrichtian. Foraminifera and trace fossils suggests bathyal depths (1000-2000 m) 

for these mid to Upper Cretaceous turbidite deposits (Biddle et al., 1986; Dott et al., 1982; 

Natland et al., 1974). A shoaling upward sequence in the upper Tres Pasos Formation 

conformably overlies the deeper water deposits, and paleocurrent data suggest a transition 
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to a western source for the Maastrichtian and younger shallow marine to continental 

Dorotea Formation and overlying Tertiary molasse deposits (Biddle et al., 1986; Dott et 

al., 1982; Wilson, 1991). The transition to shallow marine and non-marine facies 

occurred in the Oligocene in Tierra del Fuego, later than in southernmost Patagonia (Dott 

et al., 1982; Winslow, 1982). All of these Cretaceous rocks in southernmost Patagonian 

and Tierra del Fuego are grouped together as one assemblage (ky) for display purposes, 

and the mid- to Upper Cretaceous foreland basin deposits dominate the outcrop area of this 

assemblage. The foreland basin Cretaceous sections were folded and thrust eastwards and 

northeastwards in ongoing mid-Cretaceous through Neogene orogeny, and a regional 

unconformity exists between Cretaceous-lower Paleocene deposits, and Eocene and 

younger assemblages in much of southern Patagonia and Tierra del Fuego (Biddle et al., 

1986). These deformation and sedimentation patterns will be discussed further in the 

Tertiary section. 

Mesozoic-Cenozoic terranes and their tectonic assemblages 

In the central to northern Andes, several terranes were accreted in the Mesozoic 

and Cenozoic, some apparently brought to the continental margin in a transpressional 

system in Ecuador and Colombia (Figure 1). Most of these terranes clearly formed in an 

oceanic environment, and are composed of Mesozoic-Cenozoic rocks. The Arnotape 

terrane in northern Peru and southern Ecuador is apparently an exception, with a gneissic 

basement which may be older than Mesozoic. One of the coastal Caribbean terranes in 

Venezuela also contains small continental fragments. 

In the southern and central Andes, the Pacific margin of South America was a 

continental margin arc throughout the Mesozoic and Cenozoic, and no major terranes, 

except probably Darwinia, were accreted along this portion of the Andes in the Mesozoic 
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and Cenozoic. As discussed in the section on upper Paleozoic terranes. the Darwinia 

terrane was likely accreted in the Mesozoic. The continental margin has experienced 

strike-slip faulting within the arc and back-arc regions. but the displacements of up to a 

few tens of kilometers have for the most part been minor on a continent-wide scale and do 

not significantly disturb the paleogeographic picture. The Triassic rocks of the 

Pichidangui terrrane of Forsythe and others (1987) may have been displaced in the 

Mesozoic, but as discussed in the Lower-Middle Triassic section. they are not recognized 

as significantly displaced here. 

Continental terranes 

Amotape terrane 

The Amotape terrane in southern Ecuador and northern Peru consists of cores of 

poorly dated metamorphic rocks and isolated exposures of Paleozoic sedimentary rocks of 

which the older parts are slightly metamorphosed (Figure 15, 24). The Piedras Group 

metamorphic complex that is exposed in the Amotape-Tahuin range in Ecuador consists of 

green schists. amphibolites and quartzites adjacent to the Raspas Group blueschists. This 

complex appears to be stratigraphically overlain by the Tahuin Group meta-sedimentary 

assemblage which is composed of phyllites. quartzites. schists, and amphibolites (AM and 

AMt assemblages) (Feininger, 1982; Feininger. 1987; Kennerley, 1980). Gneissic 

plutons within this assemblage have yielded latest Triassic-earliest Jurassic KlAr dates 

(Feininger, 1982; Hall and Calle, 1982). These plutons are syn-tectonic to late syn

tectonic, as indicated by their gneissic to only very weakly deformed texture. New dating 

by KlAr and Sm/Nd methods confIrmed a -210-220 Ma formation for the gneisses. and 

recorded Late Cretaceous resetting of amphiboles (Aspden et al., 1992b). Aspden and 

others (1992b) also discussed the significance of a few older KlAr dates (743 & 647 Ma) 

from the metamorphic rocks of Amotape terrane, pointing out that they cannot be 

considered geologically significant due to the unreliability of KI Ar dates from these 
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amphiboles with very low K content. The structural grain of the Amotape metamorphic 

basement is nearly east-west, distinct from the more northerly grain of the metamorphic 

rocks of the Zamora terrane in the Andes. Several small areas of metamorphic rocks are 

also present in isolated exposures in northernmost Peru along the coast and on Lobos de 

Tierra island. Note that the Amotape terrane here is equivalent to the Tahuin terrane or 

Amotape-Tahuin block of other authors (Feininger, 1987; Mourier et al., 1988b), and I 

include the small Biron terrane of Feininger (1987) as part of Amotape terrane, although 

his subdivision is likely significant. The Biron terrane consists of a metamorphic complex 

considered part of the TahuIn Group by some (Aspden et al., 1992b; Baldock and Longo, 

1982), but these metamorphic rocks are north of the La Palma fault, along which the 

Raspas blueschists outcrop (Feininger, 1987). Gneisses from the metamorphic complex 

both to the north and south of the La Palma fault yielded the -210-220 Ma dates, while the 

Raspas blueschists yielded one Early Cretaceous K/Ar date (132.5 Ma) (Aspden et al., 

1992b; Feininger and Silberman, 1982). 

In the Peruvian part of the Amotape terrane, a thick section of weakly 

metamorphosed, dark sandstone, shale, and siltstone (AMd or AM assemblage) is overlain 

unconformably by a Carboniferous section (AMc or AM assemblage) (Newell et al., 

1953). This weakly metamorphosed section is considered Devonian by Hosmer (1959) 

and Bellido B. and Simons (1957, citing G. Petersen, 1949; and Chalco, 1954) but it is 

unclear whether the section in Amotape is fossil-dated frrst hand, or is considered 

Devonian based on lithological correlation with the undated Naupe Group, which is part of 

Zamora terrane, or with lower Paleozoic rocks of the Excelsior Group in the Cordillera 

Oriental. An even more slightly metamorphosed sandstone and shale section of the 

Amotape terrane in northwestern Peru that contains poorly preserved plant fossils is 

correlated with the Ambo Formation in the Andes based on continental character and 

lithologic similarity (Newell et al., 1953). Also in the southern part of Amotape, there is a 
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1500 m thick fossil-dated section of marine quartzitic sandstone with some interbedded 

shale, in an isolated outcrop, that is entirely Pennsylvanian, and the fossil assemblages are 

similar to those in the Tarma Group in the Andes of Peru (Newell et al., 1953). Scanty 

paleomagnetic results (4 sites) from the Pennsylvanian section hint at a large rotation 

(-110 clockwise) of these Pennsylvanian rocks in Amotape, although the data set is not 

yet sufficient to make fIrm conclusions (Laj et al., 1989; Mourier et al., 1988a). If a 

primary magnetization is assumed, these rocks also yielded a statistically signifIcant 

flattening (F &F=26 19) which suggests latitudinal displacement, but with the limited 

data set and an ill-defined reference pole, no fmn conclusions can be drawn based solely 

on these data (Mourier et al., 1988a). 

The metamorphic rocks and the Paleozoic section are the characteristic assemblages 

of Amotape terrane. The Ambo-Tarma-like succession, along with the older weakly 

metamorphosed clastic strata, may hint at an older connection with the Peruvian Andes. 

Additionally, clasts of a two-mica granite that intruded the Pennsylvanian section in the 

southern part of Amotape terrane are reported to be included in Lower Jurassic 

volcaniclastic strata of the Zamora terrane (Fischer, 1956), and thus may indicate a link by 

Jurassic between Amotape and the previously-accreted Zamora terrane. Also, the recently 

confIrmed Late Triassic-earliest Jurassic plutonism and metamorphism appears similar to a 

deformed S-type granitic suite found in the previously accreted Zamora terrane of 

Ecuador, and raises questions of their original relationship. These apparent links of the 

Amotape with nearby South America do not fmnly establish the paleogeography of 

Amotape, but they suggest problems and possibilities of its origin. 

Cretaceous assemblages more securely suggest, but may not absolutely establish, 

connection of the Amotape terrane with the nearby continental crust of South America. In 

contrast, Feininger (1987) interpreted the geological relationships in Ecuador as not 

. establishing accretion of Amotape until the Eocene. The Cretaceous assemblages of 
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Amotape terrane are somewhat distinct from Cretaceous platform and thicker continental 

margin strata of Ecuador and Peru, and so are described here with the Amotape terrane 

even though I interpret them as overlap assemblages. The thick Cretaceous succession of 

central Peru appears to extend onto the older rocks of the Zamora terrane in northern Peru, 

and into the Lancones basin which overlies Amotape rocks. The oldest dated part of the 

Cretaceous section on Amotape is Aptian-Albian, although it may be older in the 

depocenter of the Lancones basin, and these deposits (ka assemblage) overlie the older 

rocks with angular unconformity (Benavides-Caceres, 1956; Kennerley, 1980; Olsson, 

1934). Basal conglomerate and limestone of the Pananga and Muerto Formations and the 

overlying dark mudstone and sandstone, with volcanic material, of the Copa Sombrero 

Formation make up the Albian to Santonian section in Peru (Benavides-Caceres, 1956; 

Fischer, 1956; Wilson, 1963). In Peru, there is a strong angular unconformity between 

the thick Albian-lower Upper Cretaceous marine section and overlying coarse 

conglomerate and sandstone of the Monte Grande Formation with Campanian marine 

fossils (Benavides-Caceres, 1956; Hosmer, 1959; Iddings and Olsson, 1928; Travis, 

1953). This relationship is like that seen in central Peru, except here the upper section is 

marine. In the Lancones basin of southernmost Ecuador, mudstones, limestone and 

sandstone. also with volcanic material, of the Alamor Group (ka) are dated from late 

Aptian-Albian to Campanian, and a younger section is not preserved (Kennerley, 1980). 

The thick volcanic and volcaniclastic section of the Celica Formation (kcv 

assemblage) is exposed just to the east of and is interbedded with the predominantly 

sedimentary Albian-Santonian section (Kennerley, 1980). These volcanic rocks are 

primarily andesitic, and their massive poorly-bedded character indicates that they were 

mostly subaerial deposits, with exception of pillow lavas near the base (Mourier et al., 

1988b). Lebrat and others (1987) determined that they are typical continental volcanic arc 

andesites by their trace-element signature. The oldest part of the Celica Formation may be 
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slightly older than Aptian-Albian, but the stratigraphic relations with the sedimentary 

sequence indicate a mostly Albian to Campanian age. A pluton on the Ecuador-Peru 

border that yielded several-l1O Ma KlAr dates intruded parts of the Celica Formation and 

thus also suggests an Early Cretaceous age for part of the Celica (Aspden et al., 1992b; 

Hall and Calle, 1982). The Celica volcanic strata is specific to the Amotape terrane as 

mapped here. It is overlain by Maastrichian mudstones of the Yungilla Formation (y 

assemblage) in the northernmost part of Amotape and by Paleocene-lower Eocene 

andesitic volcanic strata (tv assemblage) of the Sacapalca Formation in southern Ecuador 

and into Peru (Kennerley and Bromley, 1971). 

The sedimentary Cretaceous deposits on Amotape suggest a connection with 

central Peru, but they do not actually overlap the boundary. Also, no obvious volcanic 

input has been reported in the Cretaceous continental platform deposits of northern Peru 

and southern Ecuador (Hollfn and Napo Formations) that are coeval with the Celica 

volcanic deposits, thus suggesting that they were substantially farther apart when the 

Celica volcanism was active. Mourier and others (1988a) reported sub~tantial rotations of 

the Cretaceous section in the Lancones basin area, ranging from 94 clockwise for the 

lower part to 63 clockwise for the upper part, however they did not detect any 

paleomagnetically resolvable latitudinal translation. Clearly, there are indications that 

Amotape is not in its original position, but at the same time there are hints that it is related 

to this section of the South American continental margin, and so a good understanding of 

its tectonic and kinematic history awaits more studies. 

Oceanic terranes 

Amaime terrane 

The Amaime terrane, located along the western side of the Central Cordillera in 

Colombia, has been identified and carefully studied by Aspen and McCourt (Aspden and 

McCourt, 1985; Aspden and McCourt, 1986b; McCourt et al., 1984). The oceanic basalts 
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and associated rocks of the Amairne terrane, grouped as a single assemblage here (AEu), 

were well-known before, but their work showed that these rocks are an older suite of 

mafic rocks than those of the Western Cordillera in Colombia (Figures 13, 23). The 

Amaime terrane consists of mafic volcanic flows with common massive tholeiites and 

pillow basalts. The Ginebra, Cauca, and Los Azules ophiolitic complexes are part of the 

Amaime terrane, and geochemistry from these show that they were erupted as ocean floor 

T -MORB basalts (Aspden and McCourt, 1986b). The Amaime has proven difficult to date 

directly, but the Cauca complex has yielded one KlAr date of 126 12 Ma from a gabbro 

(Restrepo and Toussaint, 1975). In one area, sedimentary deposits with Barremian fossils 

concordantly overlie the Amaime mafics (Aspden and McCourt, 1986b). Amaime rocks 

are in structurally complex thrust stacks, and in some areas were thrust eastward onto the 

metamorphic assemblage of the Zamora terrane. The structural relations are complicated 

by abundant later deformation including transcurrrent faulting in the Romeral fault zone. 

The Buga batholith (ki assemblage in part), which has yielded a Rb/Sr date of 99 

4 Ma and a KlAr date of 113 10 Ma (Toussaint et al., 1978), intrudes the Amaime 

assemblage, and shows that it was connected to adjacent Zamora assemblages by mid

Cretaceous ( .... 110 Ma). Some high pressure rocks and ultramafics are exposed along the 

east side of the Amairne, and yielded KlAr dates of 120 5 and 125 15 Ma (Brook, 

1984; Orrego Lopez et al., 1980). The sum of all the age data indicates that Amaime rocks 

are Lower Cretaceous and may be older in part, which makes it distinct from the midde 

and upper Cretaceous assemblages of the Western Cordillera in Colombia. It was accreted 

in the Early Cretaceous, as constrained by the stitching Buga pluton and blueschist dates. 

The Amaime is not known to outcrop in Ecuador, but poorly dated greenstones and 

turbidites on the west side of the Cordillera Real in Ecuador may be similar to Amaime 

terrane in Colombia (Aspden and Litherland, 1992). 
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Canta terrane 

The Canta terrane in Peru is composed of a basaltic to andesitic volcanic sequence 

concordantly overlain by predominantly shallow marine deposits, in tum overlain by a 

thick basaltic volcanic sequence (Figures 16,25) (Wilson, 1963). These unit') are 

grouped as one assemblage here (Cjk). The lower volcanic sequence, named the Punta 

Piedra Group, is 1900 m thick and consists of commonly pillowed andesitic to basaltic 

flows, tuffs and interbedded shallow marine sediments that yielded Tithonian to Berriasian 

ammonites (Rivera et al" 1975; Wilson, 1963). No older basement is exposed under this 

lower section. A remagnetization of Punta Piedra Group that is interpreted to be mid

Cretaceous (-90 Ma) suggests that these rocks have not been latitudinally displaced since 

then within the limits of resolution of the data, but they have rotated counterclockwise a 

modest amount (-21.4 8.6) (May and Butler, 1985). A section of predominantly 

shallow marine deposits with a minor terrestrial component concordantly overlies the 

Punta Piedra volcanic section, and these deposits yielded paleocurrent data directed to the 

east and southeast in present coordinates (Wilson, 1963). Neocomian fossils are known 

in several levels of this section (Rivera et al" 1975; Wilson, 1963). The upper volcanic 

strata is the Casma Group, which is up to 9000 m thick near Trujillo and commonly 3000 

m thick, and these strata are predominantly basaltic to basaltic andesite in composition, 

with common pillow lavas indicating submarine extrusion (Atherton and Webb, 1989; 

Myers, 1974). Mid-Albian ammonites have been found from minor interbedded 

sediments (Myers, 1974; Wilson, 1963). The Casma Group and the section below are 

folded and are intruded by the Coastal batholith. The oldest parts of the Coastal batholith 

(meg assemblage) are 95-102 Ma, as determined by KlAr and U/Pb dating (Cobbing et 

al., 1981; Mukasa, 1986; Mukasa and Tilton, 1985b), and are syntectonic with the 

deformation of the Casma volcanic rocks (Cobbing et al., 1981). 
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Myers (1974) correlated sequences on the west of the Coastal batholith to 

sequences on the east, and this supposedly provided a link to the Cretaceous sequence of 

the Andes of central Peru, although this interpretation also required correlations across 

major faults. However, Atherton and Webb (1989) concluded that the section on the west 

of the batholith could not be correlated with any certainty to the east side, due to 

substantial changes in the section and a distinct chemistry to the volcanics on the east The 

volcanic rocks on the east of the batholith are more dacitic, while basaltic volcanic strata 

predominate on the west Atherton and Webb (1989) interpreted the western volcanics as 

marginal basin deposits, probably erupted through very thin mafic crust, as supported by 

field relations, geochemistry and geophysical data (Wilson, 1985). The Coastal batholith 

consists of many distinct intrusions that yield radiometric ages ranging from the oldest 

syntectonic parts at -100 Ma up through 60 Ma, with additional dates around 38 Ma 

(Cobbing et al., 1981; Mukasa, 1986; Mukasa and Tilton, 1985b). 

The Lower Cretaceous rocks in the Canta terrane are quite distinct lithologically 

and in tectonic implications from the Lower Cretaceous section just to the east in central 

Peru. The cratonic section contains almost no volcanic material, although a few tuffs are 

noted in the upper Chim6 and Carhuaz Formations which are Valanginian or older 

(Benavides-caceres, 1956). All the cratonic section is generally free of volcanic material 

and sourced from the east up into early Late Cretaceous. The strong folding of the Canta 

assemblages at -100 Ma is not recorded by even a notable unconformity in the cratonic 

section. The clean Jumasha limestone covered the now adjacent cratonic area while this 

folding deformed the Canta terrane. The effects of deformation and an uplifted source area 

to the west are seen in the cratonic section in the late Santonian at the earliest, or about 84 

Ma These sections are presently separated by only few kilometers. 
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Cauca-Macuchi terrane 

The Cauca-Macuchi terrane consists of three primary assemblages; the Macuchi 

volcanic arc strata in Ecuador (CMm), the mafic rocks of the Diabase assemblage (CMdb) 

and the overlying and interbedded turbidites and chert deposits of the Dagua assemblage 

(CMdg), both predominantly in Colombia (Figures 13, 14,23,24). Basalts and basaltic 

andesites, often pillowed and spilitic, bedded tuffs, and volcaniclastic deposits make up 

the Macuchi submarine arc assemblage. This accumulation is quite thick, up to 8000+ m, 

and is primarily Upper Cretaceous as determined by fossils in interbedded sediments 

(Feininger and Bristow, 1980; Henderson, 1979; Kennerley, 1980). In some areas, 

Eocene fossils are known from reefal limestones (Henderson, 1979) and fine-grained 

clastic rocks that overlie most of the Macuchi sequence and are intercalated with other 

basic volcanic rocks that are also considered part of the Macuchi sequence. No fossils of 

intelVening age are known between the dated Cretaceous and Eocene parts, and Van 

Thournout and others (1992) reported an unconformity between them, although 

Henderson (1979) considered the two parts conformable. No continental basement is 

exposed under these arc rocks. The Macuchi arc rocks typically outcrop in east-dipping 

panels bounded by more steeply east-dipping faults, although in some areas they are 

folded into open north-south folds (Henderson, 1979; Lebrat et al., 1987). Geochemistry 

of Macuchi basalts and andesites indicates that the basalts at the base of the section have a 

MORB rare-earth element signature, especially similar to the T-MORB basalts in the 

Western Cordillera of southern Colombia (Lebrat et al., 1987). Other basalts to andesites 

of the Macuchi Formation yielded an oceanic island-arc signature (Henderson, 1979; 

Lebrat et al., 1987). Separate fault-bounded pods of serpentinized mafic rocks are 

occasionally exposed along the eastern side of the Macuchi arc rocks in the Western 

Cordillera in Ecuador. These rocks yielded a MORB geochemical signature, and are 

usually interpreted as indicating the suture between the Cauca-Macuchi terrane and the 

----------
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previously accreted Zamora terrane or Chaucha terrane of Litherland and Aspden (1992) 

(Feininger, 1987; Lebrat et al., 1987; Litherland and Aspden, 1992). 

In southern to central Colombia, the Western Cordillera consists of massive basalt 

flows, a sheeted dike complex, common pillow basalts and gabbros, overlain by and 

interbedded with layers of bedded chert, gray slates and phyllites (Bourgois et al., 1987; 

Etayo-Serna et al., 1986; Irving, 1975). The sequences in the Western Cordillera 

represent former upper layers of oceanic crust as indicated by the abundant tholeiitic mafic 

and ultramafic rocks and their occurrence in a sheeted dike complex and in massive to 

pillowed basalt layers, along with overlying marine deposits (Barrero, 1979; Bourgois et 

at, 1982b; Bourgois et al., 1987; McCourt et al., 1984; Millward et al., 1984; Millward et 

al., 1982). They have also been interpreted, at least in part, as of island-arc origin 

(Grosser, 1989). This section is strongly folded and thrusted, with near vertical dips and 

overturned section common. The thickness estimates for this section are typically very 

large, up to 1O,000's of meters, but given the structural complexity and thick vegetative 

cover, the thickness is likely overestimated (Bourgois et al., 1982b). The Dagua 

assemblage (CMdg) is the primarily sedimentary part of the Western Cordillera, usually 

metamorphosed to low-grade, and has been interpreted as a distal turbidite in the central 

part of the Western Cordillera (Barrero, 1979). It includes the Dagua Group and Espinal 

Formation in the Cali area, and the Penderisco Formation in the northern Western 

Cordillera. Metamorphic and plutonic clasts are present in the Dagua assemblage, 

indicating a continental provenance in part (Barrero, 1979; Etayo Serna et al., 1982; 

lIving, 1975). The Diabase assemblage (CMdb) is the primarily volcanic part of the 

Western Cordillera, and it includes the Diabase Group in the central to southern part of the 

western Cordillera and the Barroso Formation of the Cafiasgordas Group in the northern 

part of the Western Cordillera. Trace element geochemistry shows that the mafic rocks are 

similar to T-MORB, and are most like oceanic flood basalts, such as are known from the 
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Caribbean floor (Millward et al., 1984; Millward et al., 1982), although some suggest an 

oceanic island arc interpretation for at least part of the Western Cordillera in Colombia 

(Barrero, 1979; Grosser, 1989). Fossils from the sedimentary layers in the Dagua and the 

Diabase are Aptian! Albian through lower Maastrichtian, and the majority are Turonian to 

Maastrichtian (Bourgois et al., 1982a; Bourgois et al., 1982b; Bourgois et al., 1987; 

Etayo Serna, 1985; Etayo Serna, 1989; Etayo Serna et al., 1980; Etayo Serna et al., 

1982). The EI Tambor gabbro-Ieucotonalite stock intrudes the Diabase assemblage near 

Cali, and it yielded 84 2 and 83 3 Ma KlAr dates on hornblende separates (Aspden 

and McCourt, 1986a; Brook, 1984). The transition from the oceanic flood basalt 

assemblage (CMdb) in Colombia to the Macuchi island arc assemblage (CMm) in central 

Ecuador is not well-mapped, but it appears that the Diabase assemblage may extend into 

northernmost Ecuador (Van Thoumout et al., 1992). The underlying oceanic character of 

all the Western Cordillera and coastal lowlands in all of Colombia and Ecuador (Cauca

Macuchi, Pinon and Baudo terranes) is also indicated by positive Bouger gravity 

anomalies wherever "basement" rocks are near the surface (Case et al., 1973; Case et aI., 

1971; Case and MacDonald, 1973; Feininger and Seguin, 1983). 

The rocks of the Western Cordillera are stacked in several extensive thrust sheets, 

with much of the Diabase assemblage in the uppermost thrust sheet, named the Rio Calima 

nappe (Bourgois et aI., 1982b; Bourgois et aI., 1987). The underlying thrust sheet, west 

of Cali, displays mostly the overturned limb of a large recumbent fold, with a southeast 

vergence in present coordinates. The cross-sections of Bourgois et aI. (1982b) and 

Bourgois et al. (1987) show that the thrust faults have been folded and faulted. Earlier, a 

slight west vergence had been reported for the Western Cordillera near Cali (Barrero, 

1979; McCourt et aI., 1984) and this interpretation may be valid in the immediate area of 

the Romeral and Cauca-Patia strike-slip faults, but it appears that the overall structure 

within the Western Cordillera consists of east to southeast-verging nappes. In the northen 
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part of the Central Cordillera, Bourgois et al. (1987) mapped an Upper Cretaceous thrust 

sheet that overlies the metamorphic rocks of the Zamora terrane and was intruded by the 

60-80 Ma Antioquia batholith. This thrust sheet is apparently a piece of the Cauca

Macuchi terrane. 

On the northwestern corner of the Santa Marta range and the northwestern part of 

the Guajira peninsula mafic rocks (krn assemblage) similar to the Diabase assemblage may 

be dispersed fragments of the Cauca-Macuchi terrane. On the edge of the Santa Marta 

range, a thin strip of greenschist, phyllite and amphibolite schist yielded KI Ar dates from 

mid-Cretaceous to Eocene (Etayo-Serna et al., 1986; MacDonald et al., 1971; Tschanz et 

al., 1974). These rocks are intruded by plutons that yielded Eocene KlAr dates, so the 

metamorphism may be latest Cretaceous-earliest Tertiary as in the Western Cordillera, 

although the ages of the rocks and the deformation and metamorphism is as yet poorly 

constrained. Phyllite, quartzite, meta-conglomerate, greenschist, serpentinite, chert and 

gabbro of the Bahia Honda Group outcrop on the northwest of the Guajira peninsula and 

low-grade meta-sedimentary units have yielded fossils that indicate a possible age range of 

late Aptian to Maastrichtian (Alvarez, 1971). These rocks were strongly folded and 

metamorphosed in the latest Cretaceous-earliest Tertiary as indicated by undeformed 

intrusions of middle Eocene age (48 4 Ma KlAr) (Alvarez, 1971; Aspden et al., 1987), 

and thus the rock types and their history on the Guajira peninsula are similar to that in the 

Western Cordillera. 

Much evidence suggests latest Cretaceous-earliest Tertiary accretion of the Cauca

Macuchi terrane. The deformed rocks of the Western Cordillera in Colombia are intruded 

by undeformed Eocene batholiths, probably indicating the re-establishment of subduction 

under the newly accreted Cauca-Macuchi terrane as also suggested by the Eocene 

volcanics in Ecuador. Thick marine turbidites (tm assemblage) in the Caribbean coastal 

plain north of the Western Cordillera overlie deformed Upper Cretaceous mafic rocks and 
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cherts that appear to be an extension of the Western Cordillera assemblages. The 

turbidites are Paleocene?, lower and middle Eocene (Duque-Caro, 1984). In the Atrato 

basin to the west of the Western Cordillera, unmetamorphosed Tertiary marine deposits 

(also tm assemblage) as old as Eocene apparently overlie the Cauca-Macuchi assemblages 

(Duque-Caro, 1990; Etayo-Scrna et al., 1986). In the Cauca-Patia basin on the east of the 

Western Cordillera, Paleocene?-Eocene deposits (tc assemblage) include chert and diabase 

clasts from the Western Cordillera, and while folded, they are not nearly as deformed as 

the Upper Cretaceous Cauca-Macuchi assemblages (Aspden et al., 1987). In Ecuador, the 

Maastrichtian Yungilla Formation flysch (y assemblage) contains grains that indicate both 

a primitive volcanic source like the Macuchi Formation, and a quartzose-gneissic source 

like the metamorphic rocks of the Zamora terrane in the Cordillera Real (Feininger and 

Bristow, 1980; Henderson, 1979; Kennerley, 1980). The Yungilla is strongly folded and 

unconformably overlies rocks of the Zamora terrane, or Chauca terrane of Feininger, in 

the Cordillera Real, and it is typically in fault contact with the Macuchi rocks (Aspden and 

Litherland, 1992; Feininger, 1987; Litherland and Aspden, 1992). I interpret the Yungilla 

as a flysch deposited on the edge of South America immediately preceding the accretion of 

the Cauca-Macuchi terrane as suggested by its provenance and field relations (Feinioger 

and Bristow, 1980). Other younger Tertiary sections have also been called Yungilla, and 

so there is much uncertainty about these latest Cretaceous-Early Tertiary deposit.~ in 

Ecuador (Feininger and Bristow, 1980; Henderson, 1979; Kennerley, 1980). In addition 

to the sedimentary and post-tectonic magmatic evidence for the accretion of Cauca

Macuchi terrane, the greatest concentration of reset radiometric dates on metamorphic 

rocks of the Zamora terrane in Colombia and Ecuador is in latest Cretaceous-earliest 

Tertiary, which indicates an important tectonism of the margin that is likely related to the 

accretion of the Cauca-Macuchi terrane (Aspden et al., 1992b; Hall and Calle, 1982; 

McCourt et aI., 1984). 

-------_ ... _ .... - ..... 
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The Pilion terrane (see below) includes upper oceanic crust assemblages, also 

Upper Cretaceous, and many have interpreted it as the 'floor' to the Macuchi volcanic arc 

assemblage (Feininger, 1987; Feininger and Bristow, 1980; Henderson, 1979; Lebrat et 

al., 1987; Megard, 1987a; Megard, 1989). Lebrat and others (1987) interpreted a 

provenance linkage that suggests that the Pinon mafic rocks and the arc rocks of the 

Cauca-Macuchi terrane were nearby during their formation, but they are not seen in direct 

contact at the swface. The Pilion, Macuchi arc and Western Cordillera rocks are all of 

oceanic origin, are the same age and were accreted at the same time, indicating that they 

together make up a 'superterrane' that likely formed in the same offshore system and that 

they were brought into a position to be accreted to the continent together. Nevertheless, 

the paleogeographic layout of the various parts of these two terranes is speculative, and 

there has probably been some relative motion, block rotations at least, between their 

various parts. 

In summary, the Cauca-Macuchi terrane was accreted to the continent in the latest 

Cretaceous-earliest Tertiary. The accretion is indicated by the termination of deposition of 

the Macuchi arc (CMm) and Western Cordillera (CMdb & CMdg) assemblages and 

abundant latest Cretaceous-earliest Tertiary KlAr reset dates from the adjacent Zamora 

metamorphic rocks. This time of accretion is also supported by, although not tightly 

constrained by, sedimentary overlaps or links, and Eocene post-tectonic intrusions. The 

Eocene arc rocks found on the Macuchi assemblage in Ecuador are considered the result of 

a reinitiation of subduction in the Eocene on the west of the Cauca-Macuchi and Pinon 

terranes, generally as argued by Feininger and Bristow (1980) (see also Daly, 1989). 

Piiion terrane 

The Pilion terrane in Ecuador is composed of rocks of oceanic origin and is most 

like Layer 1 of oceanic crust (Figures 14,24) (Lebrat et al., 1987). It consists of two 

parts; the Pinon Formation of tholeiitic basalts, often pillowed, with diabase dikes in the 



280 

lower part, overlain by mixed volcanic and sedimentary rocks of the Cayo Formation in 

the upper part (all PN assemblage) (Feininger and Bristow, 1980; Goossens and Rose, 

1973; Kennerley, 1980). Volcanic flows and tuffs predominate in the lower layers of the 

Cayo Formation, grading up into layers with more sandstone and siltstone followed by 

chert and argillite in the upper layers. The sedimentary upper part contains many 

volcaniclastic debris flows, and is up to 3000 m thick. Pifion flows yielded Aptian-early 

Albian K/Ardates at the oldest (Hall and Calle, 1982; Kennerley, 1980) and Cenomanian 

to Maastrichian fossils are present in the upper Cayo sedimentary layers (Feininger and 

Bristow, 1980; Kennerley, 1980). In one area, abundant basaltic dikes, sills and pillowed 

flows dominant the upper part of the sequence, and are called San Lorenzo 'Formation' 

(Lebrat et al., 1987). These basic rocks have yielded KlAr dates of 87 10 Ma and 66 

5 Ma, and an 40 Arf39 Ar date of 72.7 1.4 Ma (Lebrat et al., 1987). 

The Pifion Formation basalts yielded trace element geochemical signatures with 

MORB affinities, while the basalts of the San Lorenzo were slightly distinct, yielding 

signatures more like island-arc tholeiities (Lebrat et al., 1987). The debris flows in the 

Cayo Formation include volcanic clasts that may have come from the Macuchi arc, and this 

suggests that the Pinon (PN) and Macuchi (CMm) asssemblages developed in close 

proximity (Feininger, 1987; Feininger and Bristow, 1980; Lebrat et al., 1987). A strong 

positive gravity anomaly is associated with the Pinon, further confirming the oceanic 

crustal origin of the Pinon terrane (Feininger and Seguin, 1983). The structural aspect of 

the Pifion is generally in tilted blocks, not at all like the highly deformed beds and thrusted 

nappes of the Western Cordillera in Colombia. Paleomagnetic data from the mafic rocks 

of the Pinon and San Lorenzo Formation indicate minimal latitudinal translation but 

substantial rotations of these rocks since their formation. The simplest explanation of 

these rotation results is a -70 clockwise rotation (Laj et al., 1989; Roperch et al., 1987). 

This rotation could have been accomplished by in situ block rotations or by rotation of the 

-~----~---~ ----
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Roperch et al., 1987). 
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An olistostrome complex (eo assemblage) overlies the Pifion assemblages with 

angular unconformity in the southern part of the terrane (Feininger and Bristow, 1980; 

Kennerley, 1980). It is made up of a deformed fme-grained matrix with many large 

limestone blocks chaotically within it, including limestone turbidites with clasts to large 

blocks of reef limestone. The microfossil assemblages in the matrix of the olistostrome 

and in transported blocks within the olistostrome indicate predominantly middle and late 

Eocene ages, although some redeposited Paleocene rocks are locally included (Daly, 1989; 

Feininger and Bristow, 1980; Kennerley, 1980). In the northern part of the terrane, 

Eocene limestone and mudstone of the San Eduardo Formation (es assemblage) 

unconformably overlie the Pinon (Baldock and Longo, 1982; Daly, 1989). The major 

stratigraphic break in Paleocene-early Eocene throughout the coastal region of Ecuador is 

interpreted to be the result of latest Cretaceous-early Tertiary accretion of the Piiion terrane 

(Daly, 1989; Feininger, 1987; Feininger and Bristow, 1980; Kennerley, 1980). The 

overlying middle-upper Eocene olistostrome complex and flysch were deposited in the 

forearc region after the initiation of a subduction zone on the west of the Pinon and Cauca

Macuchi terranes following accretion. The source of the flysch and limestone blocks in 

the olistostrome was apparently largely from the east, including from the Eocene reefs 

deposited on the Macuchi arc rocks as well as the older arc volcanics (Daly, 1989). The 

flysch provides an Eocene link between the Cauca-Macuchi and Piiion terranes in 

Ecuador. 

These mid- to Late Cretaceous terranes (Cauca-Macuchi and Pinon terranes) in the 

northern Andes make up a 'superterrane', linked by their oceanic character, a mid- to Late 

Cretaceous age of formation, the tennination of deposition-extrusion in the Late 

Cretaceous, and the same apparent latest Cretaceous-Paleocene age of accretion. Their 
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Early Tertiary histories are also similar, with the post-accretion development of an east

dipping subduction zone evident by the Eocene under the newly accreted Pifion and 

Cauca-Macuchi terranes. The relationships between the Pifion oceanic crust, Macuchi 

island arc, and Dagua-Diabase oceanic flood basalt parts of this 'superterrane' are not 

firmly defined in a paleogeographic sense, hence they are grouped here into two terranes. 

All these parts were likely linked in an offshore system, before they were accreted along 

the large strike-slip faults in a highly oblique transpressional system. 

Venezuelan terranes 

Four terranes make up the Caribbean coastal range of Venezuela: Guanco, Villa de 

Cura, Tinaco-Caucagua, and Cordillera de la Costa (Figures 11,22). The islands 

offshore of Venezuela and their encompassing crust make up a fifth terrane, the ABC 

terrane, which includes the ABC islands to La Orchila island at least, and may include 

Blanquilla islands. Isla Margarita may be another fragment to the east, although here I 

include it with Villa de Cura terrane (Beets et al., 1984). Isla Margarita has also been 

considered part of Cordillera de la Costa terrane (Bellizzia and Dengo, 1990; Stephan et 

aI., 1990). Gmmco terrane consists of thick flysch (GRpf or pf assemblage) that was 

deposited in a trough initially between South America and the other Caribbean range 

terranes, and it has been thrust southward onto the craton section (Bellizzia G., 1972). 

The other three Caribbean range terranes are composed primarily of metamorphosed 

sedimentary and volcanic rocks, with common mafic and ultramafic rocks (Gonzalez de 

Juana et al., 1980). These terranes are structurally complex stacks of predominantly low

grade metamorphic rocks that have little age control from few well-preserved fossils. 

Hence, the stratigraphic succession is generally poorly defmed within terranes and the 

relationships between terranes are not clear. Lower Cretaceous and Jurassic ages are 

usually assumed for the metamorphic terranes of the Caribbean ranges and the Araya-Paria 

Peninsula, based on identifications of usually poorly preserved fossils in the low-grade 
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metamorphic rocks. Some of these age determinations may change upon re-examination; 

for example, Benjamini and others (1987) now consider rocks of the Tinaco-Cacaugua 

terrane Late? Paleozoic rather than Cretaceous based on a new evaluation at the fossil 

evidence. Beets and others (1984) have provided a thorough interpretation of the 

metamorphic history in this area that suggested an origin of the ABC and Villa de Cura 

terranes, as well as accounting for various aspects of the metamorphic history in the 

Cordillera de la Costa terrane. Earlier insightful work by Bell (1971; 1972) and Bellizzia 

G. (1972), amongst others, recognized the allochthonous nature of these terranes and 

began an understanding of their possible origins. 

The Cordillera de la Costa terrane consists of several structural units that have a 

regionally consistent stacking (all CC assemblage except as noted below). An orthogneiss 

(CCs assemblage) from the lowest structural level of the Cordillera de la Costa terrane 

yielded a 425 Ma Rb/Sr model age (assumed initial 87Sr,'86Sr 0.707), and so this terrane 

apparently includes some older continental crustal material (Gonzalez de Juana et al., 

1980). A more widespread unit of gneisses, quartz-feldspar-mica schists, some 

amphibolites, with rare marble, quartzite, and glaucophane schist within the Peiia de Mora 

and Yaritagua Groups is usually the structurally lowest level exposed. This unit is without 

fossils or radiometric dates (Beets et al., 1984; Gonzalez de Juana et al., 1980). The next 

unit in the structural stack, the Las Brisas Formation, consists of mica schist, graphitic 

schist, tectonized marbles, and some greenschist and amphibolite. Poorly preserved 

fossils indicate a Kimmeridgian age in the only specfic case, and a Jurassic-Cretaceous age 

in general (Gonzalez de Juana et al., 1980). The Antimano and Nirgua Formations are 

positioned structurally above this unit, and they consist of more marble, amphibolite 

blocks and "boudins" in mica schist, with ultramafic inclusions and some glaucophane 

schist The marbles contain unidentifiable gastropods and pelecypods (Gonzalez de Juana 

et al., 1980). This unit is overlain by the Las Mercedes and Aroa Groups, which are 
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composed of graphitic schist and graphitic marble, with greenschist, amphibolite, eclogitic 

amphibolite, glaucophane schist, and serpentinites. The Aroa Group contains meta

sandstone and meta-conglomerate near the top. Mesozoic shallow marine invertebrates are 

present in the marbles of this unit (Gonzcilez de Juana et al., 1980). The Tacagua and 

Mamey Fonnations are the uppennost structural unit in the Cordillera de la Costa terrane, 

and they consist of sericite schist, metamorphosed basic volcanic rocks, meta-sandstone 

and meta-conglomerate, without datable fossils. The Albian Chuspita Fonnation may be 

part of this uppennost structural unit or it may be part of the Tinaco-Caucagua terrane 

(Beets et al., 1984; Bell, 1972; Bellizzia and Dengo, 1990; Gonzcilez de Juana et al., 

1980). The Cordillera de la Costa structural stack contains mafic to ultramafic bodies 

throughout, and glaucophane schists are known from many levels. 

The lack of dating and tentative correlations based on lithologic similarity of the 

various metamorphic units make any attempt to define a "stratigraphy" of the Cordillera de 

la Costa rather interpretive. Undoubtably, there will be changes in the understanding of 

the relationships between these varied metamorphic rocks and their subsequent groupings 

with additional work, especially dating efforts. On the Araya-Paria Peninsula, a similar 

structural stack of metamorphic rocks is here included with the Cordillera de la Costa 

terrane, following the grouping of most workers. Similar rocks in northern Trinidad are 

also usually grouped with the Cordillera de la Costa terrane. All or part of Isla Margarita 

may also be part of the Cordillera de la Costa terrane (Beets et al., 1984), although 

Stephan et al., (1990) and Bellizzia and Dengo (1990) note another separate thrust sheet, 

which is possibly another terrane, on Isla Margarita that also is exposed on mainland parts 

of the Cordillera de la Costa terrane. The epidote-amphibolite facies rocks on Araya-Paria 

Peninsula and Isla Margarita are also not well-dated, so additional work may lead to 

substantial modifications of the perceived relationships. 
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Some have argued for multiple metamorphic episodes in the Cordillera de la Costa 

terrane to explain the apparent mix of blueschist to greenschist metamorphic facies (see 

Beets et al., 1984 for a summary). The structural stack is greenschist to epidote

amphibolite facies in general, but with blueschist and ec10gitic components noted in the 

amphibolites (Beets et al., 1984). Beets et al. (1984) argue that all this metamorphism is 

compatible, and was all produced by one main prograde metamorphic episode, followed 

by normal retrograding. In their proposed history, the mafic and ultramafic blocks where 

the blueschist minerals are found do not need to have been tectonically emplaced, but 

rather the high P/low T conditions for the observed metamorphism was the result of the 

obduction of the island arc ABC terrane and Villa de Cura klippe onto and over the 

Cordillera de la Costa The obduction occurred in the Late Cretaceous, as Coniacian and 

older igneous rocks were metamorphosed and then overlain unconformably by post

metamorphic Campanian-Maastrichian deposits in the ABC terrane (Beets et al., 1984). 

This proposed metamorphic-geologic history, while explaining certain problematic aspects 

of the known geology, still does not seem to explain some other aspects of the 

accretionary story of these terranes. The Villa de Cura klippe was thrust over the 

Paracotos Formation, which includes olistostromic limestone blocks with Maastrichian 

fossils in a Paleocene flysch matrix. Thus, at least some of the thrusting must have been 

as late as Early Tertiary, adding complexity to the story of Beets et al. (1984). Also, note 

that the primary episodes of foreland subsidence, implying southward thrusting, as 

indicated by the major thicknesses in the Gmirico and Roblecito troughs are Paleocene

early Eocene in the Guanco Formation and late Eocene-Oligocene in the Roblecito 

Formation (Bell, 1971; Bell, 1972), thus suggesting a different timing of thrusting than 

that proposed for the metamorphism by Beets et al. (1984). 

Upper Tertiary sedimentary overlap assemblages deposited on the Cordillera de la 

Costa are restricted to Late Tertiary, so they do not tightly constrain the time of accretion. 

------------~ -------_. 



The Guaremal granite gneiss, which includes many xenoliths of schist, is reported to 

intrude the Cordillera de la Costa terrane, and it has yielded a RblSr date of 79 5 Ma, 
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and KlAr dates of 33 3,32 2, and 31 2 Ma (Gonzalez de Juana et aI., 1980). This 

granite also yielded a RblSr whole rock isochron date of 402 8 Ma (Urbani, 1983, cited 

in Benjamini et al., 1987), leading Benjamini et al. (1987) to suggest that perhaps much of 

the Cordillera de la Costa is Precambrian or lower Paleozoic, with a thin veneer of 

Jurassic-Cretaceous meta-sedimentary rocks. The age of these units remains 

controversial. 

The Tinaco-Caucagua terrane also consists of a metamorphosed structural stack, 

with some apparent stratigraphic relations (all grouped in TC assemblage). An older but 

undated lower unit of gneisses and schists unconformably underlies a meta-volcanic and 

meta-sedimetary sequence which structurally includes blocks that yielded microfossils 

(Gonzalez de Juana et al., 1980). The lower Tinaco complex consists of hornblende, 

biotite, and granitic gneisses, amphibolite, rare meta-conglomerate and marble, intruded 

by the trondhjemitic and dioritic Aguadita gneiss, overlain with structural concordance by 

the Tinapu qtz-alb-musc & qtz-alb-chlor schists and meta-conglomerate of greenschist 

facies. The gneiss complex yielded KI Ar dates of 112 3 and 117 3 Ma and an 

amphibolite yielded 204 12 Ma (Martin Bellizia, 1968, cited in Gonzalez de Juana et al., 

1980). A predominantly meta-volcanic section composed of the Los Naranjos, Pilacones, 

Las Placitas and Conoropa Formations overlies the lower gneisses and schists. In one 

locality this contact is described as an angular unconformity with Las Placitas Formation 

on Tinapu schist (Gonzalez de Juana et al., 1980, P 333-334). The meta-volcanic section 

is low-grade and weakly foliated, and consists of pillow basalt, massive basalt flows, 

breccias, and tuffs. It is often in fault contact with other units of the Tinaco-Caucagua 

terrane, so its stratigraphic relationship to other Tinaco-Caucagua units is not always clear. 

All of these meta-volcanic rocks are interbedded with and overlain by a meta-sedimentary 
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section (Bell, 1971). This section consists of low-grade but strongly foliated phyllites, 

meta-sandstone, marble, and meta-conglomerate of the Tucutunemo, Urape/Muraguata 

and Las Placitas Formation in part Microfossils from the marbles were originally 

interpreted as indicating a Turonian to Maastrichian age range, but a re-examination of 

limestones within the Tucutunemo Formation suggested a Late? Paleozoic age (Benjamini 

et al., 1987). 

Two other units are included with the Tinaco-Caucagua terrane, but their 

stratigrahic relations are unclear, and they are or may be entirely fault-bounded, hence, 

small terranes themselves. The Chuspita Formation consists of low-grade meta

sandstone, meta-conglomerate, graphitic phyllite and marble with Albian fossils (GonzaIez 

de Juana et al., 1980). The Paracotos Formation is a phyllitic flysch with "olistostromes" 

of limestone, volcanic rocks, and lithic conglomerate. The limestone yielded Maastrichian 

fossils, but the flysch is not dated directly (Bellizzia and Dengo, 1990; GonzaIez de Juana 

et al., 1980). The Paracotos is in fault contact with most other metamorphic rocks of 

Tinaco-Caucagua terrane, although it is considered depositional on the Lomo de Hierro 

mafic complex (Bellizzia and Dengo, 1990), and it was overridden on a thrust by the Villa 

de Cura terrane. It may be a part of the Guanco terrane, rather than Tinaco-Caucagua, as 

suggested by the Upper Cretaceous olistostromes in flysch that extends under the Villa de 

Cura klippe, up to the faultro limit with Tinaco-Caucagua terrane. Ultramafic blocks are 

also within various parts of the Tinaco-Caucagua terrane, but their origin, intrusive or 

totally tectonic, is not fmnly established (Bell, 1971; Bellizzia and Dengo, 1990; GonzaIez 

de Juana et al., 1980). 

The Villa de Cura terrane is a >5 km thick klippe of predominantly basic meta

volcanic rocks and associated meta-sedimentary rocks (all VC assemblage) that was thrust 

southward (non-palinspastic) over the Guanco flysch terrane (Bell, 1971; Bell, 1972; 

Bellizzia and Dengo, 1990; GonzaIez de Juana et al., 1980). The lower part consists of 
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basic meta-tuffs, spilitic and andesitic meta-basalts, phyllites, meta-chert, and some schists 

derived from dacitic-rhyolitic volcanic rocks. Glaucophane and lawsonite schists are also 

present in the lower part. The upper part contains weakly metamorphosed and foliated 

basic flows and tuffs, volcanic meta-conglomerate, and meta-chert, with a meta-tuff near 

its base yielding a 100 10 Ma KlAr whole rock date (Bell, 1971; Gonzalez de Juana et 

al., 1980). Ultramafic intrusions in Villa de Cura have yielded KI Ar hornblende dates of 

107 3,97.5 3,99.2 3 Ma (Hebeda et al., 1984). These ultramafics are interpreted 

as deep sub-volcanic cumulates by Beets and others (1984). The chemistry of the lower 

volcanic section appears similar to primitive island arcs (Beets et al., 1984), and Beets et 

al. suggested that the Villa de Cura nappe was originally part of the ABC island arc 

terrane. 

Shagham (1960) and Pibum (1967), cited in Beets et al., 1984 and Gonz3.lez de 

Juana et al., 1980, did much of the early work on the metamorphic rocks of the Villa de 

Cura terrane, providing comprehensive petrography and Irrst interpretations of the 

metamorphic history. The contrast in strength of foliation between the upper and lower 

parts of Villa de Cura klippe suggested two episodes of metamorphism and deformation to 

account for this contrast (Shagham, 1960). Pibum (1967) suggested that the klippe 

experienced only one episode of deformation and metamorphism, and Beets et al. (1984) 

also concluded that the metamorphism seen in the Coastal Cordillera was the result of one 

prograde event, followed by normal retrograding. The presence of local blueschist 

metamorphism suggested, with the advent of plate tectonics, that these coastal terranes 

may have been subduction complexes. However, it appears that the blueschists are 

instead compatible with the obduction and thrusting of Villa de Cura klippe over Cordillera 

de la Costa and Tinaco-Cacagua (Beets et al., 1984). An apparent anomaly to this 

proposed metamorphic history is that the -100 Ma Alaskan-type ultramafic intrusions are 

not metamorphosed, while the remainder of the Villa de Cura klippe that they intrude is 
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metamorphosed, apparently indicating, if the dating really indicates intrusive age, that the 

metamorphism of at least the Villa de Cura nappe was pre-!OO Ma (Skerlec and Hargraves, 

1980). Paleomagnetic data from the ultramafic intrusions in Villa de Cura suggest that this 

terrane rotated -90 clockwise, as did other rocks of oceanic affinity in Tinaco-Caucagua 

and Guanco terranes, between the -100 Ma age of the intrusions and its emplacement onto 

the margin (Skerlec and Hargraves, 1980). The emplacement of Villa de Cura must be 

somewhat after -100 Ma, the age of the tuff from the lower part of the upper unit, and it is 

apparently Early Tertiary as the klippe was thrusted over Paleocene? flysch that includes 

Maastrichtian limestone blocks. The major episodes of subsidence just south of the Villa 

de Cura nappe were Paleocene-early Eocene in the Guanco belt and late Eocene-Oligocene 

in the Roblecito belt (Bell, 1971; Bell, 1972). The subsidence was presumably a result of 

flexure from thrust-emplaced loads, and hence recorded the main episodes of accretion and 

shortening. The first episode of subsidence is inferred to result from the initial thrusting 

of the Villa de Cura, as no Tertiary rocks are part of the thrust sheet and the oldest rocks 

that the nappe was emplaced onto are Paleocene. 

The Guanco terrane is a 4500 m thick flysch deposit that has been thrust onto the 

margin of South America. It is composed of typical turbidite sandstone, siltstone, and 

mudstone with some conglomerate. Many olistostromes, up to tens of kilometers scale, of 

limestone, volcanic rocks, sandstone, older flysch, and serpentinites are present within the 

Guanco flysch (Gonzalez de Juana et al., 1980). Sandstone and conglomerate provenance 

show a quartzofeldspathic gneiss and schist source, as well as a mafic volcanic and 

ultramafic source (Gonzalez de Juana et aI., 1980). Fossils in the limestone blocks range 

from Neocomian to latest Cretaceous, and "formations" are defined from many of the 

larger olistostromes (Gonzalez de Juana et aI., 1980). Some olistostromes are composed 

of low-grade Cretaceous meta-sedimentary rocks. The flysch itself is Paleocene-lower 

Eocene, as indicated by foraminifera (Gonzalez de Juana et aI., 1980). The main axis of 



290 

deposition in the Paleocene-early Eocene was in the Guanco flysch belt (Bell, 1971; Bell, 

1972). There was a hiatus in deposition in the Guanco belt during the mid-Eocene, then 

strong subsidence commenced to the south in the Roblecito flysch belt in late Eocene. The 

folded and internally imbricated Guanco terrane is presently thrust onto the 2500 m thick 

upper Eocene-Oligocene-lower Miocene Roblecito flysch belt with a clear southward 

vergence both in the Guanco belt and in the deformed foreland. Basement is not exposed 

in the Gmirico belt. On the west and northwest of the Cordillera de la Costa terrane, 

Middle Jurassic, Bajocian-Bathonian, pillow basalt, serpentinite and interbedded 

sedimentary deposits of the Siquisique "ophiolites" are tectonically included within the 

Guanco flysch, along with the usual abundant Cretaceous olistotromes. The normal 

South American, passive-margin Cretaceous transgressive sequence is present in the 

subsurface below the Roblecito trough on the southern side of the Caribbean ranges and to 

the east, south of the Araya-Paria Peninsula. Villa de Cura and Tinaco-Cacagua terranes 

do not extend into eastern Venezuela, where only the Cordillera de la Costa terrane is 

present north of the native South American margin (see Figure 8). The Guanco flysch and 

equivalents extend around the west end of the Caribbean Cordilleran terranes, and outcrop 

on the north of the Cordillera de la Costa terrane (Bellizzia G., 1972; Bellizzia G. et al., 

1976; Case et al., 1984). This suggests that the three other terranes of the Caribbean 

Cordillera are allochthonous, and the minor gneissic basement-like parts of the Cordillera 

de la Costa and Tinaco-Cacagua terranes are not a continuous extension of the Guyana 

shield. Geophysical data suggest that the southern part of the Caribbean Cordillera is 

underlain by continental crust, while the northernmost part is underlain by oceanic crust 

(Bellizzia G. et al., 1981). 

Subsidence analysis of the stratigraphic section in and to the south of the Guanco 

belt should provide insight into the tectonic stacking history of the terranes of the 

Caribbean range. The section in the foreland south of the Guanco terrane revealed a clear 
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signature of tectonic loading beginning in the late Eocene (-40 Ma). corresponding to the 

thick late Eocene-Oligocene-early Miocene Roblecito section (Blanco and Sanchez. 1991). 

Subsidence prior to this event was much less. and has been interpreted as a thermal 

signature from the mid-Cretaceous until the late Eocene loading commences (Blanco and 

Sanchez. 1991). Similar results from the foreland section in eastern Venezuela. where 

only the Cordillera de la Costa terrane is present north of the cratonic section. also indicate 

tectonic loading. but not until middle Oligocene or later (Erikson and Pindell. 1993). In 

this area also. the subsidence before the tectonic loading has been interpreted as a thermal 

signature (Erikson and Pindell. 1993). The early subsidence in both the foreland of the 

Caribbean range and eastern Venezuela. while interpreted as thermal subsidence. is not so 

well-constrained as to rule out other distal tectonic effects upon these subsidence curves in 

the latest Cretaceous or Paleocene-early Eocene. Interestingly. the foreland area does not 

show clear effects of the presumed earlier thrust stacking of the Caribbean range terranes. 

nor of the compression that must have accompanied the regional metamorphism of the 

Cordillera de la Costa. Tinaco-Caucagua and Villa de Cura terranes that occurred (Beets et 

al .• 1984) predominantly in latest Cretaceous (post-Coniacian). This fact suggests that the 

Caribbean range terranes were initially regionally metamorphosed and probably thrust

stacked. at least in part. far enough away from their present position to not dominant the 

subsidence signature of the autochthonous margin. No data is available on the subsidence 

history of the exceptionally thick GUimco terrane flysch. but a typical foreland basin curve 

would likely result for this chiefly Paleocene-lower Eocene sequence. In the Maracaibo 

basin area. a thrust belt and its associated foreland basin was forming along its north side 

(unrestored) as early as latest Paleocene. as constrained by subsidence curves and seismic 

cross-sections (Lugo Lobo. 1991). This foreland basin continued development on 

through middle Eocene, and the foredeep progressively rotated until it was along the 

northeast side of the Maracaibo region (Lugo Lobo, 1991). The late Eocene initiation of 
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the Roblecito foredeep on the south of the Caribbean range is likely the continuation of this 

foredeep development as it progressed eastward with the accretion of the Caribbean 

terranes. 

A few pre-Tertiary units are exposed in distinct parts of the Paraguami peninsula, 

north of the Oligocene-Miocene Falc6n basin. It is difficult to make a meaningful terrane 

division of this part of Venezuela because so little of the older basement is exposed. Here 

I leave the Paraguana peninsula as a separate terrane, but the nature and origin of the 

underlying basement of the Paraguana and Falc6n regions with respect to other parts of 

northwestern Venezuela or Colombia is specUlative. A fault-bounded granite (PGi 

assemblage) that yielded 262 and 265 Ma U/Pb dates on titanite outcrops near low-grade 

metamorphic rocks of the Pueblo Nuevo Fonnation in the central part of the Paraguana 

peninsula (Gonzalez de Juana et al., 1980). These low-grade rocks consist of graphitic 

phyllite and slate, conglomeratic, quartzose and feldspathic meta-sandstone, and minor 

meta-limestone and meta-chert. Ammonites in the meta-limestone indicate a Late Jurassic 

age, younger than mid-Kimmeridgian (Gonzalez de Juana et al., 1980). These rocks, by 

their ages and rock types, could easily be associated with the northern Andes, but their 

initial paleogeography is of course unknown. 

In the southern part of the Paraguana peninsula, there are exposures of mafic and 

ultramafic rocks of the Santa Ana complex (km? assemblage). These rocks include an 

ultramafic complex, a zoned gabbro and a tholeiitic basaltic subvolcanic complex, with 

each unit separated from the others by faults (Gonzalez de Juana et al., 1980). Several 

gabbros have yielded Early Cretaceous KlAr whole rock dates of 120 11, 129 14 and 

118 10 Ma (Santamaria and Schubert, 1974). A local gravity anomaly of +50 mgal 

surrounding these exposures suggests that they are probably a local thrust sheet on other 

crust, perhaps represented by the continental rocks in the northern part of the peninsula 

(Bonini et al., 1977). Paleomagnetic results from the mafic rocks of the Santa Ana 
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complex yielded southerly and moderately down directions (Skerlec and Hargraves. 

1980). This direction is anomalous for this area, and Skerlec and Hargraves (1980) 

interpreted it as possibly resulting from rotation about a -N60 E horizontal axis, as this is 

the trend of fold axes in the Falc6n basin just south of the Paraguana region. These 

results, as is also true for their results from other mafic rocks in the Caribbean region of 

Venezuela, lack field tests for the age of magnetization, but the authors have recognized 

the limitations of the data and made reasonable interpretations incorporating regional 

geology. The distinct rocks of the Paraguami peninsula are grouped here as a separate 

terrane for presentation purposes, but it is clear that the mafic and ultramafic rocks could 

be separated as another terrane on a more local map, even though their contact relations are 

covered by Neogene deposits. 

Baud6 terrane 

The Baud6 range, along the northernmost Pacific coast of Colombia and extending 

into Panama in the Serranfa del Sapo, as well as other parts of western Colombia are 

poorly known due to poor exposure and difficult, at best, accessibility. The Baud6 range. 

although similar in lithology to the Western Cordillera (Cordillera Occidental) Diabase 

assemblage of the Cauca-Macuchi terrane, contains younger rocks and thus clearly 

belongs to a distinct terrane of oceanic affinity (Figures 13, 23). It is composed of 

massive and pillowed tholeiitic basalts, often spilitic, gabbro, diabase, and some 

agglomerate and tuff. Sedimentary rocks are also known, including chert, siliceous shales 

and minor limestone. All these rocks are grouped as one assemblage (BDu). Fossils from 

the "basement" complex of Baud6 indicate a Late Cretaceous to Eocene age range, distinct 

from the mid- to Late Cretaceous age of the Cordillera Occidental (Case et al., 1971). 

Basalts intrude a section of Paleocene-Eocene siliceous shales and middle Eocene 

limestone, indicating that the basic magmatism continued much later than in the Western 

Cordillera. Younger sedimentary rocks are preserved within and on the flanks of the 
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range, and they yielded fossils as young as Miocene (Case et al., 1971; Duque-Caro, 

1990). The limit of the Baud6 terrane was initially assumed, due to lack of data, to be 

covered in the Atrato-San Juan basin (Etayo-Sema et al., 1986), but recently Duque-Caro 

(1990) suggested that the boundary is within the western side of the northern Cordillera 

Occidental. A melange zone, where coherent blocks of carbonate, siliceous pelagic to 

hemipelagic deposits, basalt flows and diabase are within a sheared pelitic matrix, appears 

to be th~ boundary of the Baud6 terrane, or Choco Block as referred to by Duque-Caro 

(1990). The sedimentary deposits within the melange contain Late Cretaceous and 

Paleocene planktonic foraminifera and radiolaria, and the pervasively sheared matrix 

contains deformed Miocene planktonic foraminifera (Duque-Caro, 1990). According to 

Duque-Caro (1990), the Paleocene foraminifera are not typical of northwestern South 

America, but are more like taxa known in northern central America. Small isolated hills, 

made up of deformed rocks similar to the blocks in the melange zone, rise out of the Atrato 

swamp along the Sautata arch and connect the Cordillera Occidental with the Serrania del 

Darien in Panama. A positive gravity anomaly follows the trend of these hills from the 

Cordillera Occidental to the Serranfa del Darien (Case et al., 1971). Andesite, diabase, 

basalt, agglomerate and tuff make up the Serrania del Darien, apparently similar in type 

and age to the Serranfa del Baud6, and a few granitoids intrude both ranges (Case et al., 

1971; Case et al., 1984; Duque-Caro, 1990). 

The Atrato basin, between the Baud6 range and the Darien-Sautata-Cordillera 

Occidental trend, is filled with thick Tertiary deposits (tIn assemblage), ranging from 3500 

m near Panama up to an inferred, presumably from gravity data, 10,000 m to the south 

(Case et aI., 1984; Duque-Caro, 1990). The boundaries with the ranges on both sides of 

the basin are considered faulted, based on steep gravity gradients (Case et al., 1971). The 

sedimentary section of the basin, as known from wells and some exposures on the flanks 

of the basin, consists of three distinct marine Tertiary sequences. Duque-Caro (1990) 
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separates this thick section into two distinct parts in outcrops on the west side of the basin; 

Oligocene to middle Miocene pelagic to hemipelagic beds underlying uppennost middle 

Miocene to Pliocene hemipelagic and terrigenous strata In the subsurface the same 

Oligocene-middle Miocene sequence, although in some wells it extends without apparent 

break into upper Miocene and Pliocene strata, overlies terrigenous deposits that contains 

mixed Eocene to Miocene foraminifera (Duque-Caro, 1990). In seismic data, the upper 

zone corresponds to coherent, continuous reflections, and the lower is correlated with 

domal, less continuous reflections. In the San Juan basin to the south of the Baud6 range 

and terrane, the sedimentary section is reported to be coherent from Eocene through 

Pliocene (Bueno Salazar, 1990). 

The Baud6 terrane "basement" is inferred to underlie the Atrato basin based on the 

similar rock types and ages on both flanks. Low hills with a N60 E trend make up the 

Istrnina defonned zone which separates the Atrato basin from the San Juan basin, and they 

are composed of strongly folded Tertiary sediments older than middle Miocene (Duque

Caro, 1990). This defonned zone represents the southern limit of the Baud6 terrane, 

extending from the Cordillera Occidental to the Pacific coast, just south of the Baud6 hills 

along the coast. The Baud6 terrane was accreted in the middle Miocene, as indicated by 

the middle Miocene melange along its western boundary and the defonnation of middle 

Miocene and older strata in the Istmina zone (Duque-Caro, 1990). 

Tertiary overlap assemblages 

Paleogene assemblages 

General statement 

Following the accretion of the Cretaceous terranes in the northern Andes, 

subduction of oceanic crust along the Pacific margin beneath the northern Andes became 
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established in the Early Tertiary, where the fIrst preserved arc assemblages are Eocene 

(Figure 9). The angle of convergence varied for the different trends of the continental 

margin, with an oblique convergence angle along the northern Andes of Colombia and 

Ecuador in part in the Early Tertiary (Figure 40) (Cole, 1990; Pardo-Casas and Molnar, 

1987). In the Paleocene and early Eocene, the plate boundary motion along the northern 

Andes was likely largely strike-slip, leading to weak arc development and relatively mild 

effects on the sedimentation patterns to the east until a change to a more direct convergence 

angle in the Eocene at about anomaly 21 or -49 Ma (Aspden et al., 1987; Cole, 1990; 

Daly, 1989; Pardo-Casas and Molnar, 1987). In the central and southern Andes, from 

southern Ecuador southward, subduction of Pacific basin oceanic crust continued 

uninterrupted into and through the Tertiary beneath the continental margin at a fairly direct 

convergence angle (Megard, 1989; Mpodozis and Ramos, 1990; Pardo-Casas and Molnar, 

1987). The arc and back-arc regions remained predominantly subaerial, as they were in 

the Late Cretaceous, with accumulation of typical arc and back-arc assemblages. 

Beginning in the Paleocene and continuing through the Tertiary, the Caribbean plate was 

translated along the northern margin of the Colombia and Venezuela, with the associated 

accretions and varied deformation of the margin (see discussion in Venezuelan terranes 

section) (Pindell and Barrett, 1990; Stephan et al., 1990). 

In most of the Andes, Paleocene, Eocene and lower Oligocene assemblages can be 

grouped distinct from upper Oligocene to recent assemblages. Renewed strong 

compression of the Andean margin in late Oligocene resulted in thrusting and uplift of 

wider areas of the margin than before, and caused changes in the depositional patterns, 

allowing the general distinction of Paleogene and Neogene assemblages. The assemblages 

along the northern side of South America have a somewhat different development, as the 

timing of the Tertiary tectonics here were controlled in large part by relative motions 

between North and South America, and eastward translation of the Caribbean plate (Figure 



41). These plate motions caused interaction between northern South America and the 

Caribbean plate or other crustal elements including the Venezuelan terranes that likely 

formed between North America and South America, or at least were brought into this 

region in front of the Caribbean plate. 
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In the Eastern Cordillera region of Colombia and western Venezuela, fine-grained, 

chiefly non-marine strata are widespread in the Paleocene, capping the regional Cretaceous 

sequence. In the Eocene, important regional unconformities and deposition of several 

units of widespread conglomerate and sandstone characterize the northern Andes (tc 

assemblage). Oligocene paralic, deltaic, and fluvial deposits with marine tongues overlie 

the Eocene units in the northern Andes (also tc assemblage). The upper Eocene

Oligocene-lower Miocene Roblecito assemblage (tr) was deposited in front of the 

advancing Caribbean coastal ranges. Arc plutons that intruded the oceanic terranes are 

exposed in the Pacific coastal regions of the northern Andes (ti assemblage). Marine 

sediments were deposited over much of the fore-arc region of the northern Andes during 

the Eocene and Oligocene (tm assemblage in part). 

In the central Andes, Paleogene continental redbeds (letc assemblage) are common 

within and on the east side of the Andes, often as part of a Cretaceous into Tertiary 

section, and volcanic material from the arc is abundant in these sections. Paleogene arc 

volcanics, intrusives and associated volcaniclastics (ktv & mcg assemblage) are 

widespread along the coastal region and western side of the Andes in Peru. Similar 

assemblages extend along the west edge of, or in the Andes through much of the southern 

Andes (ktv, tc, kti & ti assemblages). An Early Tertiary unconformity, occasionally 

constrained to pre-late Eocene, is common in the coastal regions of much of the central and 

southern Andes, generally coeval to the widespread early-middle Eocene unconformity in 

the northern Andes. An increased rate of convergence in the Eocene between the Nazca 

and South America plates occurred the length of the Pacific margin of South America 
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(Figure 42) (Cole, 1990; Pardo-Casas and Molnar, 1987), and its timing correlates well 

with these Eocene unconformities and increased arc development. An earliest Tertiary 

transgession (tsl assemblage) onlapped parts of the Patagonian region from the Atlantic, 

and another similar transgression occurred in the Oligocene (tp assemblage). A small 

portion of the plateau basalts (pb assemblage) in the back-arc Patagonian region are of 

latest Cretaceous and Paleogene age. 

Northern Andes 

In the northern Andes, Paleogene strata are divided by an regional unconformity 

into a Paleocene part that is the uppermost, non-marine regressIve part of the Cretaceous 

sequence, and Eocene-Oligocene molassic strata that record major uplift and erosion of the 

Central Cordillera in Colombia and the Cordillera Real in Ecuador (Figures 12-14). Here, 

the Paleocene part below the unconformity is grouped with the Cretaceous assemblage 

(ks), however due to the separation of units on the base maps some of the outcrop area of 

the Paleocene is within the Tertiary molasse assemblage (tc) in Colombia and western 

Venezuela. The majority of the outcrop area shown as assemblage tc is nevertheless 

Eocene and younger, and in Ecuador the tc assemblage includes only Eocene and younger 

rocks (Figure 9). 

The whole Eastern Cordillera region Cretaceous "megasequence" shoals to 

continental in the latest Cretaceous, becoming pa...ralic to non-marine in the Paleocene. The 

Paleocene rocks are typically mudstone, claystone, siltstone and fine-grained, poorly 

sorted sandstone with common coals or carbonaceous zones (Irving, 1975; Schamel, 

1991; Van der Hammen, 1961; Van Houten and Travis, 1968). They include the Guaduas 

Formation of the Eastern Cordillera, Guaduala (or Guaduas) and Lisama Formation of the 

Upper and Middle Magdelena basins respectively, Limbo shale of the eastern foothills of 

the Eastern Cordillera, and the Barco/Los Cuervos Formations and Arcillas de Socha in 

the northern Eastern Cordillera and into the Maracaibo region. These formations were 
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deposited in a fluvial and deltaic system extending east of the Central Cordillera (Irving, 

1975; Van der Hammen, 1961; Van Houten and Travis, 1968). To the north, in the 

northern Maracaibo region and the Perija range, widespread shallow marine limestone and 

calcareous sandstone of the Guasare Fonnation were deposited during the Paleocene 

(Kellogg, 1984; Lugo Lobo, 1991). The Paleocene section is thickest near the Central 

Cordillera, reaching 1000 m, and in general is -300-400 m thick to the east (Butler and 

Schamel, 1988; Butler, 1983; Dickey, 1991; Van Houten and Travis, 1968). Gross 

subsidence curves from stratigraphic sections in the Middle and Upper Magdalena basins 

near to the Central Cordillera indicate increased subsidence in the Paleocene (Butler, 1983; 

Dickey, 1991). The apparent convex-up fonn of the subsidence curves and the westward 

thickening of the Paleocene, nearest to the Central Cordillera, suggest that this subsidence 

resulted from tectonic loading, although imprecise dating of these continental sections may 

limit the accuracy of the curves. As discussed in the Venezuelan terranes section, the thick 

Guanco flysch is Paleocene and has been displaced relative to the continental margin. 

Either thin or no preserved Paleocene caps the Cretaceous passive margin section in 

eastern Venezuela, where shallow marine and coastal facies are predominant in the thin 

Paleocene section (GonzaJ.ez de Juana et al., 1980). 

In the Oriente region of Ecuador, the Tena Formation redbeds are unconfonnably 

overlain by Eocene Tiyuyacu and Cuzutca Fonnation conglomerates. Foraminifera and 

ostracods from near the base of the Tena established that the base is Maastrichtian, but the 

upper age limit is not constrained and likely extends into the Paleocene (Canfield et al., 

1982; Tschopp, 1953). The Tena, and equivalent Rumiyaco Fonnation in the Putumayo 

basin of southernmost Colombia, consists of predominantly red and brown mudstone, 

claystone, siltstone and some poorly sorted sandstone. Microfossils from marine, 

brackish and fresh-water environments have been described from the Tena Formation, 

indicating its transitional regressional nature even though some of these fossil assemblages 
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appear mixed and reworked into this predominantly continental sequence (Tschopp, 

1953). It is similar to the Guadala (or Guadas) Fonnation in the Upper Magdalena region 

except that carbonaceous zones are not noted in the Oriente. Also like the Paleocene 

section in Colombia, the Tena Fonnation is thicker on the west adjacent to the Cordillera 

Real and thinner to the east, ranging from -750 m in the outcrop belt near the mountain 

front to 30 m in the subsurface of the eastern Oriente basin (Canfield et al., 1982; 

Dashwood and Abbotts, 1990; Tschopp, 1953). As discussed in the Late Cretaceous 

section, the Tena Fonnation is grouped with the Cretaceous section (n assemblage) for 

display purposes and to correspond to the grouping in Colombia. In the accreted Cauca

Macuchi and Pinon oceanic terranes of western Ecuador, Eocene strata typically overlie 

latest Cretaceous-earliest? Paleocene terrane assemblages (Daly, 1989; Feininger and 

Bristow, 1980). A few poorly dated volcanic and continental clastic sections in the 

Western Cordillera of northern Ecuador (Silante Fonnation) and in the Sierra of southern 

Ecuador (Sacapalca Formation) may be Paleocene, but in general the Paleocene is 

represented by an unconformity (Hall and Calle, 1982; Kennerley, 1980). 

Following a widespread regional unconformity that spanned all or part of the late 

Paleocene to early or middle Eocene interval, overlying middle to upper Eocene coarse

grained clastic strata to the east of the Central Cordillera recorded the uplift and erosional 

unroofing of the Central Cordillera. In the Upper and Middle Magdalena basins, the 

Eocene Gualanday and Chorro/Chuspas groups consist of thick coarse conglomerate and 

sandstone with thinner intervening sections of red mudstones (Anderson, 1972; Dickey, 

1991; Van Houten and Travis, 1968). They overlie the Guadas and Lisama Formations 

with angular unconformity nearest the Central Cordillera, and disconfonnably or 

paraconfonnably to the east (Schamel, 1991). In the Upper Magdalena area, the clasts in 

the lower and middle conglomerates are primarily chert pebbles, similar to the chert in the 

Upper Cretaceous section, suggesting that the Cretaceous section was initially deposited 
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on substantial areas of the Central Cordillera (Anderson, 1972; Van Houten and Travis, 

1968). Paleocurrent measurements also confIrm that the source of the Guadalay 

conglomerate was to the west and northwest, from the area of the Central Cordillera 

(Anderson, 1972). There is not precise agreement on the age of this dominantly 

continental section, but spores and pollen indicate a middle Eocene to early Oligocene age 

in the Upper Magdalena and rare brackish and marine fossil horizons in the Middle 

Magdalena indicate a middle or late Eocene to late Oligocene age for the sequence 

(Anderson, 1972; Dickey, 1991; Irving, 1975). This section is up to 3000 m thick near 

the Central Cordillera and it is thinner to the east The San Jacinto and Maco 

conglomerates of the Lower Magdalena Valley are probably also Eocene and thus 

equivalents to the sections in the other parts of the Magdalena Valley (Irving, 1975). 

Subsidence curves that display strong subsidence corresponding to the deposition of the 

Gualanday and Chorro/Chuspas Groups and a convex-up shape indicate tectonic loading 

in the Upper and Middle Magdalena areas adjacent to the Central Cordillera beginning in 

the middle Eocene (Butler, 1983; Dickey, 1991). 

Sandstone and occasional chert-pebble conglomerate were deposited over a large 

region east of the Magdelena Valley area foredeep, typically paraconfonnably overlying 

Paleocene rocks. These units are usually dated as upper Eocene by palynology, and 

include the Picacho Fonnation in the southern Eastern Cordillera, Limbo or Mirador 

Fonnation in the Llanos foothills and in the Llanos basin subsurface, and Mirador 

Formation in the northern part of the Eastern Cordillera and into the southwestern 

Maracaibo region (Bogota-Ruiz, 1988; Irving, 1975). The Mirador is considered lower

middle Eocene in the southwestern Maracaibo region, and is overlain disconfonnably by 

the Carbonera, indicating either confusion with the correlation of the so-called Mirador 

sandstone into the northern Llanos foothills of Colombia or poorly understood time 

transgessive relationships. The Mirador extends into the Llanos basin beyond the eastern 
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limit of the Paleocene, and it disconformably overlies Upper Cretaceous rocks in parts of 

the basin (Bogota-Ruiz, 1988). The upper Eocene sandstones generally grade upward 

into fine-grained clastic rocks, including the Usme Formation in the southern Eastern 

Cordillera, Concentraci6n Formation in the northern Eastern Cordillera, and the San 

Fernando or Carbonera Formations in the Llanos foothills, northeastern CoIdillera Oriental 

and southern Maracaibo region. Widespread marine and brackish water tongues in these 

mostly non-marine fine-grained formations indicate occasional transgressions, and fossils 

within them help establish their late Eocene and Oligocene ages (Bogota-Ruiz, 1988; 

Irving, 1975; Van der Hammen, 1961). The Oligocene section in the Eastern Cordillera 

coarsens upward, with conglomeratic beds at the top of the preserved section (Irving, 

1975; Van der Hammen, 1961). Miocene molasse is restricted to the basins on each side 

of the Eastern Cordillera, indicating that the faulting and crustal shortening of the 

continental margin abruptly encompassed parts of the Eastern Cordillera beginning in the 

late Oligocene or early Miocene. 

The stratigraphic succession in other areas of western and northwestern Colombia 

also contains Eocene unconformities and overlying deposits that indicate increased tectonic 

activity, probably resulting from the increased rate of convergence and more direct angle 

of convergence in the Eocene. as discussed in the sections on the oceanic terranes of 

northwestern South America. The upper Eocene Jamundi Formation conglomerate (tc 

assemblage in part) overlies Cretaceous rocks in the Cauca basin. a narrow Tertiary basin 

between the Western and Central Cordilleras in Colombia. reflecting the increased tectonic 

activity in the Eocene (Irving. 1975; Van der Hammen, 1961). In the Caribbean coastal 

regions of northwestern Colombia, Lower Tertiary up to middle Eocene, deep-water 

turbidites are abruptly and presumably unconformably overlain by upper Eocene

Oligocene rnedium-depth to shallow water strata including some carbonates (all tm 

assemblage) (Duque-Caro. 1976; Duque-Caro. 1984). Also. granites (ti assemblage) that 
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intruded the Western Cordillera as well as the northwestern parts of the Santa Marta massif 

and Guajira peninsula yielded Eocene and Oligocene K/ Ar dates. 

The stratigraphy in the Perija and Maracaibo basin areas is similar to the Eastern 

Cordillera, especially in the southwestern part as noted above, but there are significant 

differences in the tectonic history, due to the interaction with the Caribbean plate or other 

crustal elements along this northern margin. In the Maracaibo area, the upper part of the 

Cretaceous-Paleocene section was eroded off northeast-southwest trending anticlines, and 

is unconformably overlain by the Misoa Formation (Kellogg, 1984). The Misoa 

Formation is early to middle Eocene as detennined by foraminifera and pollen (Gonzalez 

de Juana et al., 1980; Kellogg, 1984), and is considered deltaic (Gonzalez de Juana et al., 

1980). A similar middle Eocene unit, the Gobernador/paguey Formations, 

paraconformably overlies Paleocene or Cretaceous strata in the subsurface of the Barinas 

basin southeast of the Venezuelan Andes (Chigoe and Hernandez, 1990; Portilla and 

Osuna, 1991). Another angular unconformity separates Misoa and older rocks from 

overlying late Eocene strata termed La Sierra Formation in the northwestern Maracaibo 

region near the Perija range, which correlates with the Carbonera Formation in the 

southwestern Maracaibo or Catatumbo region. Both La Sierra and Carbonera Formations 

are dated as late Eocene by fossil molluscs (Kellogg, 1984). To the east and northeast of 

Lake Maracaibo, thick turbidite flysch of the Trujillo Formation was deposited from late 

Paleocene through most of the Eocene, and it increases in thickness to the northeast and 

east, suggesting a ENE source (Kellogg, 1984; Lugo Lobo, 1991). Paleocurrents and 

seismic clinoforms also indicate a northeastern source for the Eocene foredeep deposits in 

the eastern Maracaibo region (Lugo Lobo, 1991), further confirming that the thrust 

loading was to the ENE. Geohistory plots from eastern Lake Maracaibo clearly indicate 

strong subsidence from tectonic loading beginning in the early Eocene, and the amount of 

subsidence increases to the ENE (Lugo Lobo, 1991). This subsidence and the 
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accompanying foredeep deposits resulted from the emplacement of the Lara nappes, which 

are the western part of the Guanco terrane and Caribbean range terranes. In the western 

Maracaibo region, the north-south to northwest-southeast trending Macoa arch, where the 

La Sierra Formation overlies truncated Paleocene and Cretaceous rocks, may have been a 

foreland bulge to the loaded foreland basin to the northeast. The thrusting and 

corresponding foredeep deposits progressed eastward, initiating the foreland subsidence to 

the east progressively later, beginning in the late Eocene south of the Carribean ranges 

(Blanco and Sanchez, 1991) and in the early Oligocene in eastern Venezuela south of the 

Araya-Paria Peninsula (Erikson and Pindell, 1993) (see discussion in Venezuelan terranes 

section). In the foreland to the deformed Paleocene-lower Eocene Guanco belt, the thick 

upper Eocene-Miocene Roblecito section (tr assemblage) typically unconformably overlies 

the Cretaceous-Paleocene section (Gonzcilez de Juana et al., 1980). 

In much of the Maracaibo region, an unconformity separates different parts of the 

Eocene from upper Oligocene or younger strata. In the southwestern Maracaibo region 

and to the south along the east side of the Eastern Cordillera in the Llanos foothills, as well 

as in the subsurface in the Llanos and Barinas basins, the section is generally continuous 

from the late Eocene Mirador Formation, or Carbonera Formation to the east in the 

subsurface, through the Carbonera and into the middle Miocene Le6n Formation. These 

younger assemblages will be discussed further in the Neogene section. 

As discussed above, Eocene fluvial clastic deposits spread eastward from the 

uplifted Central Cordillera in Colombia across the present Eastern Cordillera. Similar 

deposits are preserved around the Macarena uplift, the east side of the southernmost Andes 

in Colombia, and in the Oriente foothills of the Cordillera Real in Ecuador as well as in the 

subsurface of the adjacent Putumayo and Oriente basins. In the Putumayo basin and 

vicinity, the Pepino Formation disconformably overlies the regressive Paleocene section, 

and is considered to be upper Eocene (Govea R. and Aguilera B., 1980; Nevers et al., 

----.~--.--------. _.--_. __ .. -.-
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1991). It is co~posed of lower and upper fluvial conglomerates which contain abundant 

chert pebbles, with a middle part that consists of reddish or gray sandstone, siltstone and 

claystone, and it is up to 1300 m thick (Govea R. and Aguilera B., 1980). The Pepino 

Formation is overlain conformably by up to 200 m of gray and greenish shales, mudstone, 

siltstone and sandstone of the Orteguaza Formation, which commonly contains 

carbonaceous horizons and was deposited in a continental paludal environment, and is 

considered Oligocene on unspecified evidence (Govea R. and Aguilera B., 1980; Nevers 

et al., 1991). In Ecuador, the Tiyuyacu Formation disconformably or with slight angular 

unconformity overlies the Maastrichtian-Paleocene? Tena Formation (Canfield et al., 1982; 

Tschopp, 1953). It is composed of conglomerates at the base, with a finer-grained clastic 

member in the middle, and a coarse-grained unit at the top in the northern part of the basin, 

clearly correlating to the Pepino Formation in Colombia. The fine-grained member 

includes gray and green shales that have a brackish-water foraminifera fauna that indicates 

a maximium age range of middle Eocene into middle or upper Oligocene (fschopp, 1953). 

The Tiyuyacu grades upward into the red shales of the Chalcana Formation which also 

contain the same fauna near the base, suggesting a predominantly Oligocene age for the 

Chalcana. The Tiyuyacu/Pepino section is thickest nearest the Andes and to the north, and 

both the grain size and thickness diminish to the east, showing the same pattern as the 

Guandalay conglomerates and redbeds in the Upper Magdalena and Eastern Cordillera in 

Colombia. The Tiyuyacu/Pepino clearly correlates with the Guandalay and associated 

Eocene-Oligocene formations, all deposited in the foredeep of the uplifted Central 

Cordillera and Cordillera Real to the west, although the the subsidence from tectonic 

loading apparently varies along the range with the greatest thicknesses in the Upper and 

Middle Magdalena Valley in Colombia 

In the Cutucu uplift in the southern part of the Ecuadorian Oriente gray-green 

sandstone, occasionally conglomeratic, and blue-green and red shales overlain by quartz 
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sandstone, then more blue-green shales of the Cuzutca Formation are apparent correlatives 

to the Tiyuyacu Formation. Reddish sandstone to claystone of the Pastaza Formation, 

with common conglomeratic sandstone at the base, overlies the Cuzutca Formation, and is 

lithologically similar to the upper Tiyuyacu section to the north. Neither of these sections 

in southern Ecuador are well-dated, however they are considered Eocene-Oligocene in 

general based on correlation to the Tiyuyacu Formation (Kennerley, 1980; Tschopp, 

1953). Tuffaceous horizons have been noted from both the Cuzutca/Pastaza and 

Tiyuyacu/Chalcana sections. All the Eocene-Oligocene strata of southernmost Colombia 

and Ecuador along the east side of the Andes are overlain, with apparent conformity, by a 

thicker section of Miocene-Pliocene molasse. 

As discussed in the sections on the Cauca-Macuchi and Pifion terranes, in the 

Cordillera Occidental and coastal region of Ecuador post-accretion Eocene rocks 

unconformably overlie the characteristic Cretaceous to earliest Paleocene rocks of these 

terranes. In the Cordillera Occidental of Ecuador, these rocks include limestone reefs 

associated with arc volcanic rocks (Feininger and Bristow, 1980; Henderson, 1979; Van 

Thoumout et al., 1992). Calcareous and silicic flysch was deposited in much of the 

coastal region in the middle and late Eocene, and these units include the San Eduardo and 

San Mateo Formations (es assemblage) in the Manabi basin, and the Santa Elena 

olistostrome complex (eo assemblage) in the Progreso basin (Daly, 1989; Feininger and 

Bristow, 1980). These forearc deposits were sourced from the arc volcanic rocks and reef 

limestones to the east, and they are unconformably overlain by upper Oligocene-Miocene 

strata (Daly, 1989; Lebrat et al., 1987). 

Central Andes 

Through Peru, Bolivia and northernmost Chile the Andean margin of South 

America was a continental margin arc throughout the Tertiary, and the assemblages in this 

region result from this tectonic setting. Paleogene assemblages can be generally grouped 
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into arc volcanic, volcaniclastic and related deposits, arc plutons, continental foreland 

clastic and some marine forearc deposits. Similarly to the northern Andes, a widespread 

middle Eocene unconformity often divides the Paleogene section, and the Paleogene and 

upper Oligocene-Neogene strata are also typically separated by an unconformity. As is 

typical throughout much of the Andes, an episode of increased arc magmatism in the late 

Eocene and an episode of decreased arc magmatism in the Oligocene also occurred in the 

central Andes. 

In northern and central Peru, several of the Paleogene assemblages are 

continuations of uppermost Cretaceous assemblages. The Coastal batholith (mcg 

assemblage), which ranges from mid-Cretaceous also includes Lower Tertiary plutons, 

and the Casapalca redbeds (ktv assemblage in part), outcropping in a belt just east of the 

Coastal batholith, include uppermost Cretaceous to Eocene parts (Cobbing et al., 1981; 

Megard, 1978; Megard, 1987b; Mukasa and Tilton, 1985b). In the Sub-Andean region, 

the Contamana Group clastic strata (ktc assemblage in part) conformably overlie the 

Cretaceous section (Kummel, 1948). Both the Casapalca and Contamana groups were 

primarily sourced from the west, and volcanic material is abundant in the Casapalca 

Group. In southern Peru, similar assemblages extend along the continental margin, with 

arc intrusives (mcg assemblage) of Lower Tertiary age included in the Arequipa segment 

of the Coastal batholith, redbeds (ktv and ktc assemblages) of the uppermost Cretaceous 

into Tertiary "Capas Rojas" and Puno Groups in the Cordilleran region, and Tertiary 

clastic strata (ktc assemblage) overlying the Upper Cretaceous sequence in the Sub

Andean region (Marocco and Noblet, 1990; Mukasa, 1986; Pardo A. and ZUfiiga y 

Rivero, 1973). Thick volcanic and volcaniclastic strata of the Calipuy Group (ktv? and tv 

assemblages) unconformably overlie the Casapalca redbeds in the Cordilleran region of 

Peru, and these sections range from upper Eocene apparently into lower Miocene (Noble 

et al., 1979). In the Cordillera of northern Peru, what has been mapped as the Calipuy 
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Group consists of two volcanic units, lower-middle Eocene and upper Eocene, separated 

by an angular unconformity (Noble et al., 1990). Similar subaerial volcanic and 

continental volcaniclastic rocks, although often lacking good dating, are also present in the 

Cordillera in southern Peru (S6brieret al., 1988). In the Sub-Andean region, marine and 

brackish-water deposits are known from the Oligocene part of the confonnable Tertiary 

section (pardo A. and Zuniga y Rivero, 1973). Most all Paleogene rocks in Peru fit into 

the general catagories outlined above except for marine deposits in northwestern Peru. 

Thick sequences of Tertiary marine deposits (ts assemblage) fill basins of 

northwestern Peru on the Amotape terrane. These deposits consist primarily of 

conglomerate, sandstone and shale, with conspicuous volcanic input at several levels, and 

they reach greater than 7000 m thickness (Iddings and Olsson, 1928). The Tertiary 

section unconformably overlies lower Paleocene-uppennost Cretaceous or older rocks 

(Travis, 1953). The base of the section is lower Eocene, and notable unconformities 

within the Paleogene section include a strong angular unconformity in early middle Eocene 

and a pronounced angular unconformity in early Oligocene, both well-dated by marine 

fossils throughout the stratigraphic section (Hosmer, 1959; Iddings and Olsson, 1928). 

There is notable volcanic input of tuffs and rare flows in the upper Eocene deposits and 

some tuffs are within the middle and upper Oligocene section (Cobbing et al., 1981; 

Hosmer, 1959). An uppennost Oligocene unconformity separates the Paleogene from the 

more fragmented Neogene deposits in northwestern Peru (Hosmer, 1959). These sections 

in northwestern Peru indicate considerable localized subsidence and tectonic activity 

throughout the Tertiary in this forearc region, with several episodes of normal faulting 

dominating the structural style within the basins (Iddings and Olsson, 1928; Marsaglia and 

Carozzi, 1990; Travis, 1953). 

As discussed above, in much of northern, central and into southern Peru, Upper 

Cretaceous strata are overlain disconfonnably by the Casapalca or "Capas Rojas" redbed 
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sequence that extends from uppennost Cretaceous into the Tertiary. The Casapalca or 

"Capas Rojas" sequence unconformably overlies older Mesozoic or Paleozoic rocks in the 

Eastern Cordillera and northeastern Altiplano. The fluvial redbed section is typically 

composed of sandstones, siltstones, mudstones and conglomerates, with minor volcanic 

rocks (Megard, 1979). It is not usually well-dated due to its continental nature, but it 

includes up to middle Eocene strata based primarily on fresh-water ostracods and 

charophytes (Marocco, 1975; Megard, 1978). There are up to 4000 m of these redbeds in 

the Western Cordillera and Altiplano and 2000 m are commonly known (Megard, 1978). 

Farther northeast, in the Sub-Andean region in northern and central Peru, predominantly 

fluvial clastic strata of the Contamana Group, without notable unconformities within, 

overlie the uppennost Cretaceous concordantly and apparently conformably (pardo A. and 

Zufiiga y Rivero, 1973). Paleocene fossils have been reported from one area, but the 

Contamana Group generally has yielded Eocene, Oligocene and Miocene fossils (Koch 

and Blissenbach, 1962; Kummel, 1948; Megard, 1979). This section consists of three 

parts; a lower part of predominantly reddish-brown claystone, mudstone, siltstone and 

sandstone, a middle part of mostly gray calcareous shales with a few minor limestones and 

an upper part of reddish-brown clastic strata with more conglomerate, sandstone, and 

tuffaceous layers than the lower part (Koch and Blissenbach, 1962; Kummel, 1948; 

Megard, 1979). While the Contamana Group is dated primarily on the basis of 

charophytes and mammals and is chiefly fluvial, the middle part contains marine and 

brackish-water ostracods, forams, and molluscs, that indicate an Oligocene age for this 

part (Megard, 1979; Pardo A. and Zuiiiga y Rivero, 1973). The upper part of the 

Contamana Group contains more conglomerate than the lower parts, and the grain size and 

thickness in general increase to the southwest (Megard, 1978; Pardo A. and Zufiiga y 

Rivero, 1973). The Contamana Group is folded and overlain with angular unconformity 

by Pliocene to possibly uppermost Miocene coarse clastics. These Paleogene into 
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Miocene rocks in the Sub-Andean region are mapped together along with the uppermost 

Cretaceous, thus they are grouped together here {ktc assemblage), and they were 

apparently deposited in general in a distal foreland basin setting, all primarily sourced from 

the west and southwest Apparently equivalent strata were deposited in the Madre de Dios 

basin in the Sub-Andean part of southern Peru, but the actual ages in this area are poorly 

known. 

The thick Calipuy Group volcanic rocks (tv assemblage), composed of dominantly 

andesitic to rhyolitic flows, tuffs and associated volcaniclastic rocks, overlie the folded 

CasapaIca and "Capas Rojas" redbeds in the Cordillera Occidental and Altiplano of central 

and northern Peru, and rocks of Zamora and Canta terranes (Cobbing et aI., 1981). The 

underlying section is strongly deformed nearer the coast to the southwest, but to the 

northeast on the Altiplano the contact becomes nearly a disconformity. The precise age 

range of the Calipuy sequence is not everywhere well-defined, but a basal andesite yielded 

a 40.9 1.2 Ma KI Ar date where the Calipuy volcanic rocks overlie the strongly folded 

upper Cretaceous-Eocene Casapalca redbeds in central Peru (Megard, 1978; Noble et aI., 

1974). Further dating of flows and tuffs of the Calipuy Group in the Cordillera Occidental 

and Altiplano of central Peru confmns that the basal part of this assemblage is -40-41 Ma, 

and it overlies redbeds that are as young as Eocene thus constraining the unconformity to 

approximately middle Eocene (Noble et al., 1979). Other KlAr dates on the -2000 m of 

volcanic strata of the lower part of the Calipuy indicates that this extrusive episode lasted 

about six million years (McKee and Noble, 1990; Noble et al., 1979). In the Cordillera 

Occidental of northern Peru, the Calipuy Group consists of a lower volcanic unit of 

predominantly rhyolitic Llama Formation ash-flow tuff overlain with angular 

unconformity by an upper unit of intermediate lava, rhyolitic ash-flow tuff and associated 

rocks of the Porculla and Huambos Formations. The Llama Formation overlies various 

older rocks with angular unconformity and has yielded KJ Ar dates of 54.8 1.8 Ma and 
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44.2 1.2 Ma (lower-middle Eocene), older than what is nonnally mapped as Calipuy 

Group in most of centr~ Peru (Noble et al., 1990). The Huambos Formation has yielded 

a 39.3 1.0 Ma 40 Arf39 Ar date and a 35.4 1.2 Ma K/ Ar date, indicating that it is the 

same age as the lower part of the Calipuy as determined in other parts of Peru (Noble et 

aI., 1990). Thus, two angular unconformities, one -pre-55 Ma and the other around 40-

43 Ma, are established in northern Peru, whereas in central Peru only one major 

unconformity is recognized at -pre-41 Ma and presumed to be middle Eocene in general. 

The angular unconformity capped by the Calipuy extends through the central and northern 

Andes of Peru, and it may also be present in southern Peru, although the constraints are 

not as tight there. The Maranon fold and thrust belt in central to northern Peru was 

initially developed after the Casapalca redbeds and before the Calipuy volcanic rocks 

(Megard, 1984). In the eastern part of the northern Andes, the Rentema Formation 

conglomeratic redbeds, considered lower Eocene based on a single fission-track date on an 

intercalated tuff, may be a foreland basin deposit resulting from thrusting and crustal 

loading to the southwest in the Maranon fold and thrust belt (Naeser et al., 1991). 

In the Altiplano of southern Peru, uppennost Cretaceous-Paleogene redbeds (ktv 

assemblage) with volcanic material also unconformably overlie the Cretaceous marine 

section. In the Cuzco-Abancay area, the Maastrichian to middle Eocene "Capas Rojas" 

disconfonnably overlies the Cenomanian Ferrobamba Fonnation (Marocco, 1975). On 

the Altiplano just southeast of Cuzco, the redbed section, which contains tuffs and 

abundant fresh volcanic material, is considered uppennost Cretaceous to only Paleocene at 

the youngest, based on vertebrate footprints (Marocco and Noblet, 1990). These redbed 

units are disconfonnably overlain by undated conglomerates or Neogene volcanic rocks. 

Near Lake Titicaca the Puno Group (ktc assemblage) unconfonnably overlies the pre

Santonian section. It is up to 7 km thick and composed of dominantly fluvial clastic rocks 

with abundant volcaniclastic debris. Maastrichian vertebrates from near the base, 

------------ --- ---------
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Oligocene charophytes, and a 15.9 Ma KlAr date on a tuff near the top provide some age 

control (Ellison et al., 1989; Newell, 1949). In the Putina basin on the northeastern side 

of Lake Titicaca, the Upper Cretaceous redbed section includes at least a Paleocene part 

based on vertebrate fossils, and may also include Eocene strata (Gayet et al., 1991; 

Laubacher et al., 1988). In the Cordillera Occidental of southern Peru, southwest of the 

uppermost Cretaceous-Tertiary sections in the Altiplano region, the Huanca Formation 

overlies the Jurassic-Cretaceous section with angular unconformity. in contrast to the 

typically disconformable relation between these assemblages on the Altiplano (Ellison et 

al .• 1989; Newell. 1949). Sandstone and conglomerate comprise most of the coarsening

upward Huanca Formation (ktv or ktc). The Huanca Formation is undated directly, but 

the stratigraphic relations establish a general Paleogene age. It was deposited on the 

folded Jurassic-Cretaceous assemblage (jks). which is intruded by post-kinematic plutons 

with dates as young as -60-65 Ma, and it underlies Tacaza volcanic rocks (tv assemblage) 

as old as upper Oligocene (Ellison et al., 1989; Mukasa, 1986). The correlation of these 

various redbed sections in southern Peru is usually not that well-constrained as age control 

is scarce. Clearly, more dating work is necessary in order to establish the chronology of 

these continental and volcaniclastic assemblages and the important regional unconformities 

and changes in sedimentation patterns. The substantial shortening recorded by the 

northeast-verging fold and thrust belt along the southwest of the Western Cordillera 

(Vicente, 1990), along with the general coarsening of the section nearer the thrust belt 

strongly suggests a general foreland basin setting for the Paleogene redbeds in southern 

Peru. 

As mentioned above, the Arequipa segment of the predominantly Upper 

Cretaceous Coastal batholith includes a suite of -60-65 Ma post-tectonic plutons, based on 

U/Pb, KlSr and RblSr dating (Mukasa, 1986; Mukasa and Tilton, 1985b; Stewart et al., 

1974). An extrusive suite of andesites to rhyolites, preserved in the coastal region of 
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southernmost Peru, was intruded in part by some of the 60-65 Ma plutons and it has 

yielded one 59 Ma KlAr date (Bellido and Guevara, 1963; Noble et al., 1985; Sebrier et 

aI., 1988). These volcanic rocks, the Toquepala Group, are likely Upper Cretaceous and 

Paleocene, and they are the extrusive equivalent of the Arequipa segment of the Coastal 

batholith. They are overlain unconformably by chiefly fine-grained redbeds of the Lower 

Moquegua Formation, which are undated directly but must be lower Oligocene or older as 

they are overlain by dated upper Oligocene strata (Noble et al., 1985; Sebrier et al., 1988). 

Also along the coast in southern Peru, upper Eocene marine deposits overlie Mesozoic and 

Paleozoic rocks with angular unconformity in local areas and they are unconformably 

overlain by upper Oligocene-lower Miocene marine deposits (Sebrier et al., 1988). 

The well-dated pre-40 Ma (early-middle Eocene) unconformity in central Peru is 

not so well defmed in southern Peru, and in the Altiplano the time period of the 

unconfonnity may be represented by the Puno Group redbed deposits in certain areas. 

The continental nature of the Paleogene deposits has hindered recognition of 

disconfonnable sections in areas where angular unconformities are not present. However, 

even though not well-constrained, a general Paleogene unconformity is notable in the 

coastal region between the Toquepala and Lower Moquegua Formations and between 

marine sections along the coast In the Western Cordillera and southwestern part of the 

Altiplano it is likely represented by the angular unconformity between the undated Huanca 

Formation and underlying Cretaceous section and lower Paleocene plutons. It is not 

clearly defined on the Altiplano, but possible disconformities within the Puno Group or 

possible ongoing foreland basin sedimentation of the Puno Group may be the equivalent 

expression of the defonnation, uplift and erosion nearer the coast. In the Altiplano and 

Cordillera Oriental in Bolivia, which are farther from the continental margin, effects of the 

-pre-40 Ma (Eocene) compression are restricted to generally more distal foreland basin 

accumulation of deposits. In much of Peru, and especially apparent in southern Peru, the 
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Paleogene strata are overlain, often with angular unconfonnity, by upper Oligocene and 

Neogene strata that consist in large part of volcanic units. These upper Oligocene and 

Neogene units and the unconfonnity beneath them will be discussed in the Neogene 

section. 

In Bolivia, as in much of Peru, Paleocene continental rocks conformably overlie 

uppermost Cretaceous beds. The Paleocene rocks in Bolivia consist of chiefly reddish and 

purplish shale, sandstone and marl deposited in fluvial and lacustrine environments, and 

they include the upper member of the El Molino Formation, the Santa Lucia and Impora 

Formations (Gayet et at, 1991; Pareja L. et al., 1978; Sempere, 1990). They are found in 

central parts of the eastern Altiplano and Cordillera Oriental and are dated by vertebrate 

fossils (Gayet et al., 1991). Since the Paleocene section is a continuation of the Upper 

Cretaceous sequence, they are both grouped into one assemblage (kp). The uppermost 

Cretaceous sequence in the northern and central Sub-Andean region (kt assemblage) also 

includes strata of earliest Paleocene age (Gayet et al., 1991). 

Upper Cretaceous-Paleocene strata are overlain, disconformably or with slight 

angular unconfonnity, by redbeds of the Cayara, Potoco and Camargo Formations in the 

central and southern parts of the Altiplano and Cordillera Oriental, and by the Tiahuanacu 

Formation in the no¢1ern Altiplano of Bolivia (all tc assemblage) (Figure 17) (Marshall 

and Sempere, 1991; Sempere, 1990). These formations consist of typically reddish 

continental sandstone, shale, siltstone, and some conglomerate and volcanic rocks. The 

age ranges of these overlying sections are generally poorly defmed, but they must fall in 

the upper Paleocene, Eocene or Oligocene based on few fossils, KlAr dates and 

stratigraphic position (Marshall and Sempere, 1991; Sempere et al., 1990). A tuff in the 

upper part of the Tiahuanacu Formation has yielded KlAr dates of 29.2 0.8 on biotite, 

and 29.6 0.6 Ma on plagioclase (Sempere et al., 1990). Sempere and others (1990) 

interpreted these Eocene through lower Oligocene sections as the first foreland basin 
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deposits in the Bolivian Altiplano, related to shortening and uplift to the west closer to the 

continental margin. The uplifted and shortened region is generally not exposed as this area 

is largely blanketed by Neogene and Quaternary volcanic rocks of the Western Cordillera 

along the border of Chile and Bolivia. The redbed sections coarsen upward and 

westward, and bed thickness increases upward. The Tiahuanacu Fonnation in the northern 

Altiplano is 2500 m thick, and the Cayara and Potoco Formations in the southen Altiplano 

are 2000 m thick (Evernden et al., 1977; Pareja L. et al., 1978; Sempere et al., 1990). 

There are tuffs and a few flows in the upper part of these sections. In the Sub-Andean 

region of Bolivia, in a more distal position to the source of the Cordillera Oriental Eocene

Oligocene section, there are no preserved deposits from the late Paleocene through the 

early Oligocene interval. The uppennost Cretaceous-Paleocene and Eocene-Oligocene 

sequences in Bolivia are similar, in predominantly continental character and lack of strong 

angular unconformities within, to the coeval Puno Group in the Altiplano region of 

southern Peru and thus suggest the southern extension of a similar tectonic setting. The 

Eocene-Oligocene section is overlain with "notable" erosional disconformity by more 

conglomerate and sandstone redbeds, which are upper Oligocene at the oldest (pareja L. et 

al., 1978; Sempere et al., 1990). These upper Oligocene-Neogene assemblages (also tc) 

and the unconformity below will be discussed in the Neogene section. 

Southern Andes 

A continental margin arc was developed throughout the Tertiary along the southern 

Andes, as in the central Andes, and the assemblages in this region result from this tectonic 

setting. Paleogene assemblages can be generally grouped into arc volcanic, volcaniclastic 

and related deposits, arc plutons, continental foreland clastic and some marine forearc 

deposits. Similarly to the northern and central Andes, the Paleogene and upper Oligocene

Neogene strata are also typically separated by a angular unconformity, and in areas of 

northern and central Chile a middle Eocene unconformity may divide the Paleogene 

----- - ------- ~ -
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section. As is typical throughout most of the Andes, arc magmatism was extensive in the 

late Eocene but was much reduced in the Oligocene in general through most of the 

southern Andes. In the latest Oligocene-early Miocene, arc magmatism again became 

extensive. 

In northern to central Chile (from -21--36 S), an uppermost Cretaceous

Paleocene-Eocene volcanic arc assemblage (ktv assemblage) with associated continental 

clastic deposits, primarily conglomerate and sandstone, typically overlies the Lower to 

mid-Cretaceous section with strong angular unconformity (Figures 9, 18, 19). A few 

predominantly clastic sedimentary sections of Oligocene or probable Oligocene age are 

grouped within the ktv assemblage. A calc-alkaline plutonic suite (kti assemblage) 

accompanies the volcano-sedimentary assemblage, and both of these assemblages outcrop 

parallel to and west of the present volcanic arc. East of the present axis of the Andes at 

these same latitudes, there are scattered exposures of Tertiary continental foreland basin 

clastic deposits. These rocks, grouped as the tc assemblage, are predominantly Neogene, 

but some parts may be Lower Tertiary (Jordan and Alonso, 1987). The section in the 

Salta basin area of northernmost Argentina extends, without notable breaks, into the 

Lower Tertiary, and is composed of predominantly continental fine-grained clastic 

deposits with some lacustrine deposits (upper part of kts assemblage) (Mingrarnm et al., 

1979; Turner and Mon, 1979). 

In northern Chile, continental clastic and volcanic Lower Tertiary rocks overlie, 

with angular unconformity, a Lower Cretaceous volcanic sequence in the Sierra de 

Moreno (-21 -22 S), just west of the current volcanic arc axis in the Cordillera Occidental. 

The lower part of this assemblage, the Tambillo and Tolar Fonnations, is principally 

composed of coarse redbeds. Its precise lower age limit is not defined, but it concordantly 

underlies an andesitic to rhyolitic volcanic section that yielded a 50.6 1 Ma KI Ar date 

from the lower part and KlAr dates of 42.8 1.2 and 42.2 2.3 Ma from rhyolitic tuffs 
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in the upper part of the section (Lahsen, 1982; Ramirez R. and Huete L., 1981). This 

Eocene volcanic arc assemblage is overlain, again with angular unconfonnity by another 

coarse clastic redbed and volcanic section of the Sichal Formation. A tuff from the basal 

part of this section yielded a 34.7 1 Ma KlAr date, thus constraining an angular 

unconfonnity in this area to the Eocene between -42 and -35 Ma (Lahsen, 1982; Ramirez 

R. and Huete L., 1981), presuming that the few radiometric dates represent the actual ages 

of the volcanic units. This upper redbed and volcanic assemblage, with the -34 Ma tuff in 

the basal conglomerate, is composed of predominantly sandstone and conglomerate with 

tuffs, generally deposited in a high-energy fluvial environment (Ramirez R. and Huete L., 

1981). Overlying it with angular unconfonnity are Neogene ignimbrites and other 

volcanics with radiometric dates from 23 to 17 Ma or younger than 10 Ma (Lahsen, 1982; 

Ramirez R. and Huete L., 1981). 

As discussed in the Paleogene central Andes section, a middle-upper Eocene 

angular unconfonnity, well-dated in certain localities, is known in central and southern 

coastal Peru as well as in the northern Andes. The regional extent of this angular 

unconformity along the Andean margin suggests a fundamental large-scale plate tectonic 

control. The angular unconfonnity on the margin correlates to an increase in the rate of 

convergence with the Nazca plate from approximately 49.5 to 40 Ma (anomaly 21 to 18 or 

slightly younger) (Figure 42) (pardo-Casas and Molnar, 1987; Pilger, 1983). An 

expected result of the onset of stronger deformation with shortening and uplift near the 

margin would be the development of foreland basins to the east, where abundant 

sandstone and conglomerate would be deposited through the time of the unconformity to 

the west. Foreland basin sections, although often not well-dated, are preserved to the east 

of the deformed area through much of the central Andes and into the southern Andes. A 

portion of the Puno and Huanca Formations in southern Peru likely result from this 

tectonic setting in the Eocene, and the Eocene-Oligocene Tiahuanacu Formation in the 
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northern part and Cayara-Potoco Formations in the southern part of the Bolivian Altiplano 

have also been interpreted as a westerly-derived foreland basin deposit (Sempere et al., 

1990). Similar continental coarse clastic deposits in northern Chile and on the east side of 

the southern Andes in northern to central Argentina suggest the southward extension of 

this Paleogene tectonic setting (Jordan and Alonso, 1987). 

Calc-alkaline arc plutonic assemblages (kti) are also abundant in northernmost 

Chile, north of Antofagasta (23 S) and west of the present volcanic arc axis. Radiometric 

dates, mostly KI Ar, from 50 to 72 Ma and 40 to 45 Ma are common on these plutons 

(Boric P. et al., 1990; Ramirez R. and Huete L., 1981; Skarmeta M. and Marinovic S., 

1981). Dates on the mineralization associated with these plutons in this same area of 

northern Chile often fall at .... 38-30 Ma (Alpers and Brimhall, 1988; Boric P. et al., 1990; 

Sillitoe, 1988; Sillitoe, 1990). 

From the Antofagasta area to just south of Santiago ( .... 22 -36 S), the Paleocene

Eocene volcanic arc sequence (ktv assemblage) and associated plutons are also typically 

exposed to the west of the Andean crest, within the central valley between the Andes and 

the Coast ranges, and on the flanks of the ranges on both sides of the valley. The arc 

assemblage overlies Cretaceous arc assemblages with angular unconformity in the Coast 

ranges to the west, often grading to disconformity to the east in the Andes. It is 

predominantly composed of andesitic to rhyolitic volcanic rocks, with some conglomerate 

and sandstone, and it is entirely continental. Volcanic rocks of this assemblage typically 

yield 40 to 70 Ma KlAr dates, and it is often intruded, at least in part, by plutons with 

dates of .... 35 Ma (Boric P. et al., 1990; Mpodozis M. and Cornejo P., 1988; Naranjo and 

Puig, 1984; Ramirez R. and Gardeweg P., 1982). The volcanic assemblage is 

accompanied by a plutonic assemblage (kti) that also yields radiometric dates of about the 

same range (67-34 Ma) (Boric P. et al., 1990; Halpern, 1978; McNutt et al., 1975; 

Mpodozis M. and Cornejo P., 1988; Naranjo and Puig, 1984; Parada et al., 1988; 
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Ramirez R. and Gardeweg P., 1982; Rivano G. et al., 1985). The Paleocene-Eocene 

volcanic arc unit is typically overlain by the upper Oligocene-lower Miocene to recent 

volcanic assemblages (nv) of the Neogene arc, often with strong angular unconformity. 

In a few places Oligocene sedimentary units overlie the Paleocene-Eocene arc assemblage. 

In the Antofagasta region, andesitic to rhyolitic volcanic rocks of the Chincado 

Formation in the northern Domeyko range (around 23 S, west of the Salar de Atacama ) 

overlie clastic rocks of the Purilactis Formation with angular unconformity, and are in turn 

overlain with angular unconformity by Oligocene-Miocene clastic rocks and some tuffs of 

the San Pedro and Tambores Formations (Ramfrez R. and Gardeweg P., 1982). The 

Purilactis Group consists of uppermost Cretaceous to Eocene clastic rocks, and the 

Chincado and Purilactis Formations are the upper two formations of three in the Purilactis 

Group (Charrier and Reutter, 1990; Flint et aI., 1993; Ramirez R. and Gardeweg P., 

1982; Reutter et al., 1991). There are apparently unconformities within what has been 

mapped as Purilactis Group (L. Marshall, personal comm.). Tuffs from the basal part of 

the Purilactis Formation yielded 40 Arf39 Ar dates of 44.0 0.9 and 43.8 0.5 Ma (Oobel, 

1989, cited in Charrier and Reutter, 1990). Another reported 4OArf39 Ar date of 63 10 

Ma from a volcanic flow within the Purilactis (Flint et al., 1993) suggests that there may 

be problems with the dating (the 63 Ma date appears suspicious!). Radiometric dates from 

ash-flow tuffs within the Chincado Formation are 41 3.6 and 39.9 3 Ma (Ramfrez R. 

and Gardeweg P., 1982), and a tuff from the overlying San Pedro Formation yielded a 28 

6 Ma KlAr date (Coira et al., 1982). The Purilactis section has been interpreted as a 

proximal foreland basin deposit related to east-verging thrusting along the east edge of the 

coeval arc that has abundant dated plutonic and volcanic rocks (Charrier and Reutter, 

1990; Reutter et al., 1991 and references therein). Deformation within the arc and back

arc area was ongoing during the arc development (Reutter et al., 1991). In contrast, Flint 

and others (1993) interpreted the Purilactis basin as extensional in origin, and they 
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recognize significant crustal shortening only in the Neogene in this area. Their extensional 

interpretation of subsidence curves depends on the validity of the 63 Ma date, while 

ignoring the Eocene dates from the basal Purilactis. Clearly, there is yet substantial 

controversy about the outcrop relations and ages of these units, but the regional data 

would argue for a compressional environment. 

Farther south, around 24 -25 S, the Chile-Alemania Formation comprises the 

Lower Tertiary arc assemblage (ktv) and it is composed of primarily andesitic volcanics 

with some basalt, rhyolite and minor conglomerate. It overlies the Lower and mid

Cretaceous Santa Ana Formation in the Domeyko range and Lower Cretaceous Aeropuerto 

Formation in the coastal region with strong angular unconformity (Naranjo and Puig, 

1984; Ramirez R. and Gardeweg P., 1982). KlAr dates from it range from -66 to -47 Ma 

(Naranjo and Puig, 1984; Ramirez R. and Gardeweg P., 1982) and it is overlain 

unconformably by the Oligocene-Miocene Atacama gravels (ns assemblage) with their age 

based on KlAr dates from interbedded tuffs (Boric P. et al., 1990; Naranjo and Puig, 

1984) or the coarse clastic Pampa de Mulas Formation. The Estratos del Estanque 

volcanics in the southern Cordillera Domeyko and Cord6n de Lila areas also overlie the 

Cretaceous Santa Ana Formation with angular unconformity, and yielded a KI Ar date of 

72 2 Ma (Naranjo and Puig, 1984; Ramirez R. and Gardeweg P., 1982). All these units 

in northern Chile, stratigraphically between the Lower Cretaceous and Oligocene or Lower 

Miocene sequences, are all grouped here as part of the latest Cretaceous-Paleocene-Eocene 

arc assemblage (ktv). These units, with parts dated from -48-35 Ma, were deformed by 

both orogen-nonna! shortening and orogen-parallel right-lateral strike-slip processes, 

before the deposition and eruption of upper Oligocene and lower Miocene units (Reutter et 

aI., 1991). Some of the units, especially part of the Purilactis Formation, were deposited 

as a result of the ongoing deformation in the Eocene. 
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At the latitudes between Santiago and the Antofagasta region, other units are 

widely exposed that are part of the Lower Tertiary volcanic arc assemblage. The Hornitos 

Formation, exposed along the east side of the coastal ranges in north-central Chile (-28 -

32 S), is typically 700-1000 m thick and it consists dominantly of andesitic-dacitc flows, 

breccias and tuffs. It overlies the Lower Cretaceous assemblage with angular 

unconformity and KlAr dates from it range from 66 to 47 Ma (Naranjo and Puig, 1984). 

Locally in the coastal region, an uppennost Cretaceous (72 2 Ma KI Ar) andesitic 

volcanic unit overlies the Lower Cretaceous assemblage with angular unconformity 

(Naranjo and Puig, 1984). The Hornitos Fonnation is overlain with angular unconformity 

by the Atacama gravels which yielded dates of 24 and 13 Ma from interbedded ignimbrites 

(Naranjo and Puig, 1984). Along the west edge of the Andes at these same latitudes, 

andesitic volcanic rocks of the Elquinos Fonnation overlie the mid-? to Upper? Cretaceous 

Vifiita Formation continental volcanic section with angular unconformity. The Elquinos 

Formation yielded 59.1 Ma and 47.6 1.5 Ma KlAr dates (Mpodozis M. and Cornejo P., 

1988). A poorly dated but presumably equivalent Paleocene clastic-volcanic and Eocene 

volcanic section outcrops on the Argentina side of the Andes also at this latitude (Caminos, 

1979a). Granodiorite plutons (ti assemblage) that yield 67 to 40 Ma dates are common on 

the west flank of the Andes where the Elquinos Formation and equivalents are exposed, 

and a suite of tonalite-granodiorite plutons that yield -35 dates are also found in this part 

of Chile (McNutt et al., 1975; Mpodozis M. and Cornejo P., 1988; Parada et al., 1988; 

Rivano G. et al., 1985). These Lower Tertiary units are overlain with angular 

unconformity by late Oligocene to Miocene volcanic and sedimentary units. 

In the vicinity andjust south of Santiago (33 -35 S), the Tertiary stratigraphy is 

similar to what is seen to the north. Lower Tertiary basaltic andesites and mixed 

sedimentary rocks ofLo Valle Fonnation overlie Upper Cretaceous clastic and minor 

volcanic rocks with angular unconformity. The Upper Cretaceous is dated by plant 
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fossils, and Lo Valle Fonnation is considered Paleocene also based on plant fossils (Levi, 

1973) although it may range from latest Cretaceous into Paleocene as flows within it 

yielded latest Cretaceous KlAr dates of 77.8 1.0 and 70.5 2.5 Ma (Thiele C., 1980; 

Vergara and Drake, 1979). No overlying units are present in this part of the coastal 

ranges, but Miocene sediments (tm assemblage) are present along the coast In the 

Cordillera, the Abanico Formation (ktv assemblage) overlies a Lower and mid-Cretaceous 

section with disconformity to slight angular unconformity (Thiele C., 1980). It is 

composed of generally massive rhyolitic to andesitic flows, tuffs, and breccias, with 

minor intercalated sediments. Older studies have yielded radiometric K/ Ar dates that range 

from 66 to 28 Ma, with some uncertainty as to reliability of especially the younger ages 

due to pervasive low-grade alterations (Drake et al., 1982; Thiele C., 1980; Vergara and 

Drake, 1979). Recent studies have identified Divisaderan mammal fossils from 

intercalated continental sandstone in the Coya-Machalf Fonnation at about 35 S in Chilean 

Andes, and radiometric dates of 31 to 35 Ma have been obtained from surrounding 

volcanics «Sempere et al., 1994 and references therein). This fonnation is the equivalent 

of the middle and upper parts of the Abanico Fonnation to the north, and it sits, across an 

out-of-sequence thrust, on the Colimapu Fonnation redbeds, which are considered the 

equivalent of the lower part of the Abanico Fonnation based on vertebrate fossils that 

indicate a Late Cretaceous to Early Tertiary age (Sempere et al., 1994). Both the Abanico 

and Coya-Machalf Formations are strongly folded with the underlying Cretaceous section, 

and they are overlain with angular unconformity by the gently folded uppennost 

Oligocene-Miocene Los Farallones Formation (nvassemblage). Scattered Lower Tertiary 

intrusions (ti assemblage) outcrop in the western part of the Andes at these latitudes (32 -

36 S) as to the north, but the exposures are fewer due to more extensive cover of the 

Abanico and equivalent fonnations (Aguirre, 1983; Drake et al., 1982; Parada et al., 1988; 

Rivano G. et al., 1985). 
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On the Argentina side of the Andes at a similar latitude ( ..... 36 S) to the Coya

Machali exposures, an uppennost Cretaceous-Lower Tertiary predominantly continental 

clastic section disconfonnably overlies Upper Cretaceous rocks (Digregorio and Uliana, 

1980; Legarreta et al., 1989; Yrigoyen, 1979). The Lower Tertiary part of the section is 

Paleocene or earliest Eocene, and it is in tum overlain with unconformity by 

conglomerates that yielded late Oligocene-early Miocene Deseadan mammal fossils 

(Legarreta et al., 1989; Sempere et al., 1994). In the same region but to the north (-33 S), 

a conglomerate section which yielded a early Oligocene Divisaderan fauna is 

unconformably overlain by more coarse clastics which correlate with the Deseadan section 

to the south. These Deseadan age units are interpreted as foreland basin deposits resulting 

from late Oligocene shortening in the Andes affecting rocks as young as Abanico and 

equivalent units (Sempere et al., 1994). Tertiary deposits on the Argentine side of the 

Andes are often not well-dated, thus the scattered Paleogene units are grouped here with 

the more extensive Neogene assemblage (tc). 

East of the Andes in the Pampean region of central to northern Argentina, Lower 

Tertiary continental clastics outcrop along the margins of some of the Neogene Pampean 

uplifts. This assemblage is typically a 100 m section of conglomerate and sandstone that 

contains Eocene vertebrate fossils (Gordillo and Lencinas, 1979). Thick sections of 

Neogene coarse clastics fill many local foreland basins, and Neogene volcanics and 

clastics are usually unconfonnable on older units, with the volcanic component generally 

increasing towards the Andes. In the Puna region of northern Argentina, some Paleogene 

deposits have been documented, and they display a regional pattern of coarser deposits to 

the west generally becoming fmer to the east (Alonso and Fielding, 1986, cited in Jordan 

and Alonso, 1987). These deposits have been interpreted as foreland basin deposits shed 

from the uplifted arc region (Jordan and Alonso, 1987) within Chile, as discussed above. 

The Paleogene assemblage in the Puna is also grouped with the predominantly Neogene tc 
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assemblage. In northern Argentina east of the Puna, the upper part of the Salta Group is 

Lower Tertiary (kts assemblage in part). Continental clastic rocks of the Santa Barbara 

subgroup transitionally overlie Campanian-Maastrichian sediments (Marquillas and 

Salfity, 1988; Turner and Mon, 1979). This clastic section is Paleocene and probably 

ranges into Eocene, but fish fossils, from lacustrine beds, and mammal fossils do not limit 

the age precisely (Marquillas and Salfity, 1988; Mingramm et al., 1979; Salfity, 1982; 

Turner and Mon, 1979). This section is overlain by Upper Tertiary units equivalent to the 

Chaco inferior and Chaco superior formations in Bolivia. The Upper Tertiary is not well

dated at the base, but it is likely late Oligocene as in Bolivia. 

In southern Argentina and Chile, south of -37 S, the Tertiary assemblages are 

somewhat distinct from the north in timing and distribution, although in a general sense 

they are still similar in the respect that Neogene Andean assemblages typically 

unconformably overlie Paleogene or older assemblages (Figures 20, 21). In the western 

Neuquen basin (-37 -40 S), uppennost Cretaceous-Iowennost Tertiary sediments of the 

Malargiie Group, which is the upper part of the Neuquen basin section (kn assemblage), 

are overlain with marked discordance to slight angular unconformity by Paleogene 

andesitic to basaltic volcanic rocks and intercalated continental and marine sedimentary 

deposits (ktv assemblage in part) (Digregorio and Uliana, 1980). This volcanic and 

volcaniclastic sequence includes the Auca Pan/Lolog Formations in the northern part of the 

western Neuquen basin and the Nahuel Haupi Group in the southern part as well as 

extending south along the western side of the North Patagonian massif (Digregorio and 

Uliana, 1980; Gonzalez Diaz and Nullo, 1980). Volcanic layers dominate in the lower 

parts of these thick sections while the upper parts are more mixed volcanic and 

sedimentary beds. The Paleocene-Eocene volcanic series commenced with abundant 

silicic pyroclastics and evolved to flows of intermediate and basic compositions (Rapela 

and Kay, 1988; Rapela et al., 1988). The intercalated sedimentary rocks contain fossils 
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that indicate a marine environment at several levels, and in general indicate a Lower 

Tertiary age (Digregorio and Uliana, 1980; Gonzalez Diaz and Nullo, 1980). The 

Pilcaniyeu belt of volcanic rocks has yielded .... 30 K/ Ar dates ranging from 60 to 30 Ma, 

thus further establishing a chiefly Paleocene-Eocene age for the Nahuel Haupi Group 

(Rapela and Kay, 1988; Rapela and Llambias, 1985; Rapela et al., 1988). The Pilcaniyeu 

volcanics outcrop parallel to and just east of the present arc and axis of the Cretaceous

Tertiary composite arc batholith from .... 38 to 40 30'S, but south of 40 30'S to .... 44 S the 

exposures trend southeast, and thus are progressively farther east of the Cretaceous

Tertiary arc batholith. The EI Maiten volcanic unit, a distinct volcanic and sedimentary 

sequence that is similar in character to the Pilcaniyeu section and consists of silicic units in 

the lower parts evolving to andesites and basaltic andesites in the upper parts, is exposed 

west of the Paleocene-Eocene belt and east of the northern Patagonian batholith. These 

volcanic rocks have yielded K/ Ar dates which mostly fall between 34 and 24 Ma, 

indicating that this belt is younger than the Pilcaniyeu extrusives (Rapela and Kay, 1988; 

Rapela et al., 1988). Abundant volcaniclastic deposits of the Nirihuau Formation, which 

is partly marine (tm assemblage in ktv belt of northern Patagonia), accumulated along the 

flanks of the El Maiten volcanic belt during the late Oligocene and early Miocene as the 

volcanic activity faded (Gonzalez Diaz and Nullo, 1980; Rapela et al., 1988). Overall, 

magmatism in the Andean area was minor in early into middle Miocene at the latitudes of 

the Neuquen basin and the Northern Patagonian massif ( .... 38 -43 S). The Neogene 

sequence in this region commences with tuffaceous deposits and widespread thin 

ignimbrites of the Collon eura Formation in Argentina, and similar basal Neogene 

volcanic rocks are also known in the Central Valley in Chile. The character of the 

Neogene volcanic activity, along the axis of the Andes, changed to a belt of predominantly 

andesitic stratovolcanoes in the Pliocene, and this type of volcanism continues today. 
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The northern Patagonian batholith (lei assemblage), as discussed in previous 

sections, is composed of Upper Jurassic, Cretaceous and Tertiary granitoids. The 

batholith is predominantly mid- and Upper Cretaceous, but KlAr and Rb/Sr radiometric 

dating has established that there are Tertiary parts to the batholith. Dates from the -39-

44 S segment of the Patagonian batholith are scattered throughout the 65 to 30 Ma interval 

(Gonzalez Diaz, 1982; Pankhurst et aI., 1992; Rapela and Kay, 1988; Rapela et al., 

1987). Parts of the batholith have also yielded Miocene dates. In the 39 30' to 42 30' 

segment the distribution of dates across the batholith shows a distinct pattern where the 

older dates are on the east, and the ages become progressively younger to the west, with a 

predominance of Miocene dates along the western side (Rapela and Kay, 1988). The 

batholith, including both the Cretaceous and Tertiary parts, is composed of typical 

subduction-zone calc-alkaline, I-type intrusives (Gonzalez Diaz, 1982; Nelson et al., 

1988; Pankhurst et al., 1992; Rapela and Kay, 1988). All these Tertiary magmatic units in 

the Andean area of northern Patagonia and the Neuquen basin are, of course, arc

generated assemblages, and they corrobate the existence of active subduction along this 

part of the Pacific margin of South America throughout the Tertiary. There are several 

apparent differences in the evolution of the arc in the northern Patagonian region as 

compared to central and northern Chile and Argentina. The timing of arc development in 

the Cretaceous and Early Tertiary is similar to that in central and northern Chile and 

Argentina, with mid-Cretaceous, latest Cretaceous-Paleocene and Eocene peaks of 

magmatism. However, the Oligocene was an episode of magmatic quiescence in central 

and northern Chile and Argentina while abundant Oligocene volcanic rocks are preserved 

in the northern Patagonian region. Magmatism and deformation reinitiated in the north in 

the latest Oligocene-early Miocene, whereas in the northern Patagonia region magmatism 

and deformation increased in the middle and late Miocene after a latest Oligocene-early 

Miocene quiescent episode. The relative position of the arc axis changed systematically 
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through time, but differently in northern Patagonia than in central and northern Chile, as 

indicated by the distinct age belts of plutonic andlorvolcanic rocks (Boric P. et al., 1990; 

Jordan and Gardeweg P., 1989; Mpodozis and Ramos, 1990; Ramos, 1988b; Rapela and 

Kay, 1988; Rapela et al., 1988). In central and northern Chile the inferred axis of the 

Mesozoic-Cenozoic arc moved eastward in steps from the present-day coastline to its 

Miocene to present location along the crest of the Andean range, while in the northern 

Patagonian region, the Cretaceous-Tertiary batholith is one large continuous unit, although 

the dating on the batholith suggests a westward migration of the axis from Cretaceous to 

Miocene, as discussed above (Rapela and Kay, 1988; Rapela et al., 1988). In contrast, 

the preselVed volcanic rocks in this region from -41 to 43 30 S suggest that the axis of 

the volcanism in the Paleocene-Eocene was to the east of the Cretaceous axis which is 

indicated by both intrusives of the ki assemblage and volcanic rocks of the Divisadero 

Formation and equivalents. The axis migrated westward in two steps during the 

Oligocene and Miocene-Pliocene magmatic episodes. South of -43 30 , the Mesozoic

Tertiary arc intrusives are grossly coincident and do not show substantial changes in 

relative position through time. 

In the extra-Andean area of Patagonia, east of the arc-generated deposits, 

widespread alkaline plateau basalts were erupted and several distinct sedimentary 

assemblages were deposited in the Paleogene. A thin shale and limestone horizon, the 

Roca Formation (tsl assemblage in part), was deposited conformably on Upper Cretaceous 

continental clastic rocks during a marine transgression in the Maastrichian-Danian on the 

north and east sides of the Northern Patagonian massif (Stipanicic and Methol, 1980). 

This unit was coeval with the upper part of the Marlagiie Group in the Neuquen basin. 

The Maastrichtian Formation Lefipan marine deposits apparently extend into the Chubut 

embayment in the subsurface as well as in outcrop (Lesta et al., 1980; Uliana and Biddle, 

1987). A Paleocene transgression deposited a -100 m thick marine horizon, the 
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Salamanca Fonnation (tsl assemblage), in the Chubut embayment on the south and east 

sides of the Northern Patagonian massif, and north and northeast sides of the Deseado 

massif (Legarreta et al., 1990; Lesta et al., 1980; Malumian and Ramos, 1984; Uliana and 

Biddle, 1987; Vergani and Stach, 1984). Fossil from the Salamanca Fonnation appear to 

indicate a well-defined late Danian age, and thus it apparently does not record a 

transgression over the same interval as the Roca Formation to the north (Lesta et al., 

1980). The Salamanca Formation consists of conglomerate, glauconitic sandstone and 

siltstone that were deposited in a shallow marine to shoreline environment (Legarreta et 

aI., 1990; Lesta et al., 1980; Malumian and Ramos, 1984). The thin, predominantly 

continental clastic Rio Chico Formation reaches up to -150-180 m thick, and 

disconformably overlies the tsl or older assemblages. It is composed of conglomerate, 

sandstone, mudstone and tuffs, including abundant tuffaceous material in the sedimentary 

rocks. Palynological studies, along with vertebrate and plant fossils indicate a chiefly 

latest Danian-Thanetian age (Legarreta et al., 1990; Lesta et al., 1980). The Rio Chico 

Fonnation is overlain by an -250 m thick continental section that includes interbedded 

tuffs and basalts of the Sarmiento Formation or "Tobas de Sarmiento". This section is 

famous for its fossil mammals, and they suggest that it may be a complex unit with several 

disconformities, as several South American Land Mammal stages are represented ranging 

from Eocene into early Miocene (Legarreta et al., 1990; Lesta et al., 1980; Marshall and 

Salinas, 1990a). On the eastern side of Patagonia marine deposits of the Patagoniano 

Fonnation (tp assemblage in part) overlie and interfinger with part of the Sarmiento 

Formation. This up to -200 m thick marine section consists mainly of laminated or 

bioturbated tuffaceous siltstone, mudstone and marginal marine sandstone. Near the 

present coastline, the lower to middle Patagoniano Formation is considered latest Eocene

early Oligocene based on microfossils, and the upper part is late Oligocene-early Miocene 

as it is bracketed between the lower part and early-middle Miocene deposits (Legarreta et 
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al., 1990). Basalt flows and continental deposits represent the late Eocene-Oligocene time 

range nearer the Cordillera The Paleogene deposits in central Patagonia are 

unconfonnably overlain by lower Miocene clastic deposits that indicate renewed uplift of 

the Cordillera, similar to the geology in other parts of the Andes. The Paleogene 

continental Rio Chico and Sarmiento Fonnations in central Patagonia are considered one 

assemblage, recording a tectonically undisturbed continental platfonn adjacent to a 

continental arc. These Paleogene units in Patagonia, which are generally thin and thus 

have limited outcrop extent, were not mapped separately on the available base maps 

(Servicio Geologico Nacional, 1982), and hence are included with other assemblages 

(within pb and perhaps kc assemblages). The marine facies on this same continental 

platfonn are mapped separately (tsl and tp assemblages) as are the plateau basalts (pb 

assemblage). 

Alkaline to sub alkaline plateau basalts were extruded onto many parts of Patagonia 

east of the Andes, and radiometric dates on these basalts range from latest Cretaceous 

through the Tertiary and Quaternary (pb assemblage). In the northern Patagonian area 

( .... 39 -43 S), the majority of the basalts yielded dates in the 10 to 35 Ma (late Miocene 

through Oligocene) range, with the peak at .... 27 Ma in the late Oligocene (Linares et al., 

1988; Rapela and Kay, 1988; Rapela et al., 1988). A few plateau-type basalts in this 

region have yielded Eocene, Paleocene and latest Cretaceous dates (Rapela and Kay, 1988; 

Rapela et al., 1988). Similar basalts are also found north of the Northern Patagonian 

massif on the northern and western sides of the Neuquen basin ( .... 35 to 39 S). These 

northern basalts fall mostly into two age catagories, Miocene and late Pliocene-Quaternary 

(Munoz B. and Stem, 1988). Pliocene-Quaternary basalts in this northern region are 

geochemically more similar (e.g. initial Sr ratios closer in northern arc and back-arc 

volcanic rocks) to the adjacent arc volcanics than the young basalts in Patagonia (Munoz 

B. and Stem, 1988; Munoz and Stern, 1985). In the central and southern Patagonian 
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region, Upper Cretaceous basalts with dates of -80-70 Ma appear to be concentrated in the 

Lago La Plata-Balmaceda region near the Cordillera (-44 -46 S), while the Paleocene

Eocene Posadas basalts and equivalents range from -44 to 50 S (Munoz B. and Stem, 

1988; Ramos and Kay, 1992; Ramos et al., 1982). Basalts that bear Oligocene dates 

appear to be restricted to the Patagonian region north of 46 S, the Chubut and Northern 

Patagonian massif areas, as mentioned above (Legarreta et al., 1990; Ramos and Kay, 

1992; Ramos et al., 1982; Rapela and Kay, 1988; Rapela et al., 1988). Miocene to 

Quaternary plateau basalts appear to be more widespread over most of the Patagonian 

region. Certain suites of late Miocene or Pliocene basalts in central Patagonia appear to be 

spatially and temporally related to the subduction-collision of distinct segments of the 

Chile ridge (Ramos and Kay, 1992). In general, the chemistry of the plateau basalts and 

xenoliths within the basalts indicate a primarily mantle lithosphere origin for the plateau 

basalts (Munoz B. and Stem, 1988; Munoz Torres, 1991; Stern et al., 1986; Stem et al., 

1989). 

The Austral, or Magallanes, basin of southern Patagonia and Tierra del Fuego 

functioned generally as a tectonically loaded foreland basin in the Late Cretaceous and 

through the Tertiary. The Paleogene formations here consist of progradational onlapping 

sequences sourced from the Cordillera (Biddle et al., 1986), and they typically overlie 

Maastrichian-Lower Paleocene formations across a regional unconformity (Biddle et aI., 

1986; Caminos, 1980; Riccardi and Rolleri, 1980; Winslow, 1982). Upper Paleocene or 

Eocene units usually overlie Maastrichtian rocks at outcrops in and wells near the fold and 

thrust belt along the mountain front, while to the east and northeast in the subsurface of the 

undisturbed basin progressively younger, up to upper Oligocene, glauconitic sandstones 

overlie Cretaceous rocks as shown by well and seismic data (Biddle et al., 1986; 

Caminos, 1980; Riccardi and Rolleri, 1980; Winslow, 1982). Upper Oligocene-lower 

Miocene marine strata of the Centinela Formation and equivalent units covered most all of 

----_. -- .. - _._-
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the Magallanes basin, similar to the upper Patagoniano Formation in eastern parts of 

central and northern Patagonia and in the San Jorge basin in central Patagonia (Marshall 

and Sempere, 1993). Continental Neogene rocks of the Santa Cruz Formation overlie the 

Paleogene-lower Miocene assemblages in most of southern Patagonia as in central 

Patagonia. The Neogene section remained predominantly marine in Tierra del Fuego 

(Caminos, 1980). Much of the Tertiary section was deformed as part of a east, northeast 

or north-verging fold and thrust belt from central Patagonia (-47 S) to Tierra del Fuego, 

although the timing and style of the thin-skinned deformation varied along this segment of 

the Andes (Ramos, 1989; Winslow, 1982). There are no preserved Paleogene volcanic 

sections along the are, however, radiometric dating on the southern Patagonian batholith 

has yielded some Paleogene dates suggesting continued arc activity along at least portions 

of the central and southern Patagonian Pacific margin (Halpern, 1973; Herve et aI., 1979; 

Herve et aI., 1984; Nelson et al., 1988; Niemeyer R. et aI., 1984; Ramos et aI., 1982; 

Suarez D. et aI., 1985). 

In southern Patagonia south of -50 S, the Upper Cretaceous section, extending up 

through the Cerro Dorotea Formation or Chorrillo Chico Formation in Chile, is continuous 

upward into Paleocene age rocks in some areas, the same as in the Neuquen basin. On the 

eastern flank of the southernmost Patagonian Andes, clastic rocks of the Rio Turbio 

Formation (tt assemblage) that contain carbonaceous and limestone horizons and rare tuff, 

disconformably overlie the Cretaceous-lower Paleocene section. Marine fossils at many 

horizons indicate a middle Eocene age for the Rio Turbio Formation (Riccardi and Rolleri, 

1980). The Rio Turbio Formation is in turn overlain disconformably by continental basal 

conglomerate, sandstone, and shale with carbonaceous zones of the Rio Guillermo 

Formation (also tt assemblage). Plant fossils indicate an approximate late Oligocene into 

early Miocene? age for the Rio Guillermo Formation (Riccardi and Rolleri, 1980). Marine 

clastic deposits of the upper Oligocene-lower Miocene Centinela Formation, the lateral 
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equivalent of the Rio Guillermo Formation, covered most all of the Magallanes basin in 

southern Patagonia The coarsening-upward sandstone and conglomerate of the Miocene 

Santa Cruz Fonnation (nsc assemblage) disconformably overlies the Rio Guillermo 

Formation along the east flank: of the Andes, and it conformably overlies the Centinela 

Formation (Marshall and Salinas, 1990b; Marshall and Sempere, 1993; Ramos, 1989; 

Riccardi and RoUeri, 1980). In Tierra del Fuego, the marine Campanian-Maastrichian 

section is overlain with slight unconformity by a shoaling-upward sequence of marginal 

marine carbonaceous shale and sandstone, followed by sandstone and conglomerate. all of 

the Rio Bueno and Rio Clavo Fonnations in Argentina and Ballena Group in Chile. These 

formations contain some coquina horizons, forams and plant fossils that establish a 

Paleocene into middle Eocene age (Biddle et al .• 1986; Caminos, 1980). In the 

southeastern part of Tierra del Fuego. this section is reported to be folded and thrust north

northeast post-middle Eocene but before the deposition of the shallow marine and 

continental sandstone and shale of the Magallanese Formation (Caminos, 1980; Winslow, 

1982). Fossils from the Magallanese Formation in the Argentina part of Tierra del Fuego 

indicate a late Oligocene?-Miocene age (Caminos, 1980). In Chilean Tierra del Fuego and 

southernmost Patagonia, the Paleocene to middle Eocene Ballena Group is overlain by the 

upper Eocene through Oligocene Bahia Inutil Group, which consists of marine to marginal 

marine fine-grained clastic rocks. The Ballena and Bahia Inlitil Groups were both 

deformed during the Tertiary development of the fold and thrust belt (Alvarez-Marron et 

al., 1993; Escobar T .• 1980). The predominantly marine Paleocene-Eocene and Eocene

Oligocene foreland basin to platfonn deposits in Tierra del Fuego are grouped with tp 

assemblage. The mostly marine Magallanese Formation and equivalent Loreta Formation 

in Chile are mapped as nm assemblage. separately from the continental Santa Cruz 

Formation and equivalent units. 
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Radiometric dates on the batholith in central and southern Patagonia (ki 

assemblage), as discussed in previous sections, range from Late Jurassic into Neogene, 

with a major peak of intrusive activity is mid- to Late Cretaceous. Paleogene KI Ar and 

RblSr dates of -60 to -30 Ma are also relatively common in much of the central and 

southern Patagonian batholith south of -44 S (Halpern, 1973; Herve et al., 1984; Nelson 

et al., 1988; Ramos et al., 1982), as in the northern Patagonian batholith. However, a 

distinct scarcity of Paleogene dates characterizes the segment of the batholith from -47 to 

49 S (Ramos et al., 1982). The radiometric dating on the batholith, while adequate to 

highlight the main intrusive episodes, is still limited in coverage. The batholith typically 

consists of granite, granodiorite, tonalite and diorite. with granite more dominant in the 

central Patagonia segment and tonalite in the southern portion (Nelson et al .• 1988). The 

batholith, similarly to the northern Patagonia portion. consists predominantly of calc

alkaline. I-type, metaluminous rocks (Nelson et al.. 1988). In southernmost South 

America, in the islands south and southeast of Tierra del Fuego, the Seno Ano Nuevo 

plutonic suite yielded several 60 Ma to 34 Ma KlAr dates. These plutons are undeformed 

and intrude foliated Mesozoic granitoids (Herve et al., 1984). The Paleogene intrusive 

activity in Patagonia corresponds generally in age to the the tuffs in the upper Paleocene 

Rio Chico Formation and Eocene Sarmiento and Rio Turbio Formations. and together they 

indicate continued arc activity in central and southern Patagonia in the Paleogene. 

Overall in Patagonia, arc activity on the Pacific margin continued through the 

Paleogene, generating intrusive and extrusive rocks (ki and ktv assemblages). while 

foreland basin and continental platform deposits accumulated to the east of the uplifted arc 

region. Distinctively in Patagonia. extensive plateau basalts (pb assemblage) were erupted 

east of the arc, and significant marine transgressions (tsl and tp assemblages) interfingered 

with parts of the continental platform deposits (within pb assemblage). The southern part 

of Patagonia was unique, in that the area east of the are, or northeast and north in Tierra 
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del Fuego. functioned tectonically as a flexed foreland basin from Late Cretaceous through 

the Paleogene and into the Neogene. and most of the deposits in this foreland basin (tp and 

tt assemblages in outcrop) are marine to marginal marine until the Neogene (Biddle et aI .• 

1986). Neogene continental foreland basin and platform deposits (nsc assemblage) overlie 

the Paleogene rocks (Legarreta et aI .• 1990; Marshall et al .• 1986; Marshall and Salinas. 

1990a; Marshall and Salinas, 1990b; Marshall and Sempere. 1993). except in Tierra del 

Fuego where the Neogene units are also marine. 

Neogene assemblages 

General statement 

A second period of fast convergence between South America and the Nazca 

(Farallon) plate began in the late Oligocene (Cole, 1990; Pardo-Casas and Molnar, 1987), 

causing renewed strong compression of the Pacific margin. crustal shortening. uplift, 

corresponding unconformities and foreland basin development throughout the Andes. The 

subduction of the Nazca plate was at a fairly direct angle from the Eocene to the present. 

with the angle of convergence of course varying depending on the trend of each segment 

of the continental margin (Figure 40.41). There was still a right-lateral transpressional 

component in the northern Andes. although less so than in the Early Tertiary (Cole. 1990; 

Daly. 1989; Pardo-Casas and Molnar, 1987). A sub-aerial continental margin arc 

extended along the entire Pacific margin of South America throughout the Neogene. 

continuing its development from the Eocene (Figure 9). It was not necessarily 

volcanically active continuously at all latitudes, because of the well-established effect of 

slab dip on volcanic arc activity (Barazangi and Isacks, 1976; Isacks and Barazangi. 1977; 

Jordan et al .• 1983). 

The degree of development and character of this arc varied with location and time 

through the Neogene, but certain stages in its development appear to be approximately 

synchronous over much or all of its length. Likewise, episodes of stronger deformation, 



Nazca motion in time 
interval relative to fixed 
South America 1000W SooW 
25-4~ + + 

40-55 Ma 
~ + +0° -

(after Cole, 1990) 

1200W 
+ + 

30Ma 
+ 

35 Ma 26 Ma 20 Ma 

13107 6 

+ + + 

30Ma 
35 Ma 26 Ma 20 Ma 

13 10 7 6 

68 Ma 30-31 

+ 
49 Ma 21 

+ + 

+ + + 

Figure 40. Relative motion of the Nazca plate to South America from latest 
Cretaceous to the present. Paths of two points on the Nazca plate relative to the 
South American plate shown from anomaly 30-31 (68 Ma) to the present, from the 
analysis of Pardo-Casas and Molnar (1987). The two sets of vectors on South 
America show direction and relative distances that the Nazca plate moved relative 
to South America for the time intervals 55-40 Ma and 40-25 Ma, from the analysis 
of Cole (1990). See original references for error estimates and details of analyses. 

335 



8000,-------------------------------------------~ 

6000 -E 
~ -
~ 
c: 4000 m -CI) 

is 

2000 

Rate of Convergence 

Nazca-South America (10 S) 

11 cmlyr 

5cmlyr 

O~----~----~--~~--_T----~----~--~~--~ 
o 20 40 60 

Time (m.y.) 

Figure 41. Rate of convergence between Nazca and South American 
plates at -10 S. Data from Pardo-Casas and Molnar, 1987. See original 
reference for error estimates. 

80 

336 



337 

uplift, formation of unconformities and foreland basin development show a certain 

synchronicity over a wide range of latitude. Here, as with the Eocene episode of 

shortening and resulting uplift, unconfonnities and foreland basin formation, I concentrate 

on establishing episodes that occur over a wide range of latitude. The widespread 

unconfonnity or change in sediment character that allows the distinction of late Oligocene 

and Neogene assemblages from Paleogene assemblages is the primary "event" that records 

the initiation of the incredible uplift, crustal shortening and resultant deformation seen in 

the present-day Andes (Sempere et al., 1990). The ongoing deformation from late 

Oligocene to the present appears to be composed of several distinct episodes, but the 

latitudinal extent and synchronicity of these events are still not fully known. 

Areas of the northern Andes that were low-lying plains in the Paleogene were 

uplifted in the Neogene, creating the Eastern Cordillera and Venezuelan Andes. Thick 

Neogene continental clastic strata (tc assemblage) were deposited in the foreland basins 

that developed on both sides of these rising mountain ranges. Along the Caribbean margin 

of South America, the combination of strong compression along the Pacific margin, 

accretion of the Baudo terrane, and continuing right-lateral transcurrent motion relative to 

the Caribbean plate created a complex mosaic of localized uplifts, pull-apart basins, block 

rotations and continued shortening in some areas. Parallel to the Pacific coast of the 

northern Andes, the arc (nv assemblage) renewed strong development following reduced 

arc magmatism in the Oligocene and its axis stepped eastward from its Eocene location. 

Marine fore-arc basins that accumulated thick deposits (tm assemblage) fringed the coastal 

regions of the northern Andes in the Neogene. 

In the central Andes, the area of deforming crust expanded eastward in the late 

Oligocene-Neogene, and the associated basins, both intermontane and on the east of the 

progressively building fold and thrust belt, accumulated great thicknesses of 

predominantly continental clastic strata (ktc & tc assemblages). Abundant extrusive 
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volcanic roc.!c..s (nv assemblage) with associated volcaniclastic rocks cover extensive areas 

in the Western Cordillera of northern and central Peru, and they cover even wider areas of 

the Western Cordillera and Altiplano in southern Peru and Bolivia. The oldest parts of 

these sections are late Oligocene, and they range through the Neogene into the Quaternary. 

Distinct episodes within the progressive building of the Andes throughout the Neogene 

and Quaternary are apparently distinguishable by widespread unconformities and fairly 

abrupt eastward steps to the deformation and formation of the respective foreland basins. 

While these episodes are often distinguishable over substantial regions, inaccuracy of 

dating as yet limits firm conclusions about their latitudinal extent. 

The Andes are at their widest in the central Andes of southern Peru, Bolivia, 

northernmost Chile and into northern Argentina. The characteristic style of deformation 

changes from a classic thin-skinned belt in Bolivia to a zone with basement-rooted uplifts 

with mixed vergence in northern Argentina (Allmendinger et al., 1983; Grier, 1990). In 

central Argentina, the zone of deformation east of the Andean crest remains wide, but it 

consists of two distinct parts, the large, well-spaced basement uplifts in the Pampean 

region, and the thin-skinned Precordillera thrust belt on the east flank of the Andes 

(Allmendinger et al., 1990; Jordan and Allmendinger, 1986). South of the Pampean 

uplifts, the deformation affects a narrower zone within and closer to the Andes, and thin

skinned fold and thrust belts are present in the Neuquen basin and Austral basin (south of 

46 30"S) areas in southern Argentina (Digregorio and Uliana, 1980; Gonzalez Diaz and 

Nullo, 1980; Ramos, 1989; Winslow, 1982). The average elevation decreases and the 

width of higher elevations also decreases from the central Andes in Bolivia and 

northernmost Argentina into the southern Andes, reflecting a corresponding general 

decrease in shortening from north to south. 

Along the Andean axis of northern to central Chile and Argentina, as in the central 

Andes, thick late Oligocene to early Miocene volcanic and volcaniclastic strata (nv 
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assemblage) of the arc accumulated. Areas within and especially east of the Neogene 

Andes that were previously a broad foreland basin broke up into local uplifts and 

corresponding foredeeps during the Neogene (Jordan and Alonso, 1987). A prominent 

lack of Neogene volcanic strata from 28 to 33 S is accounted for by the flattening of the 

subducting slab in the Miocene (Jordan et al., 1983; Kay et al., 1988). In Patagonia, early 

Neogene volcanic strata are not extensively preserved along the axis of the Andes, but 

Pliocene to recent volcanic edifices were and are being constructed atop the Patagonian 

batholith. Extensive Neogene back-arc plateau basalts (pb assemblage) cover parts of the 

extra-Andean area of Patagonia. Foreland molasse deposits (nsc assemblage) are also 

preserved in Patagonia, indicating episodes of Neogene uplift and deformation as to the 

north. Marine transgressions onto the continent in Patagonia left areally extensive and 

now exposed Neogene deposits (tp assemblage). 

Northern Andes 

In most of the northern Andes there were substantial changes in the sedimentation 

patterns and character in the late Oligocene or early Miocene. In the Upper Magdalena 

basins, the Eocene-lower Oligocene Gualanday molasse was deformed and 

unconformably overlain by mudstones of the Barzalosa, or La Cira, Formation followed 

by coarser-grained deposits of the Honda and Gigante Formations (Butler, 1983; 

Schamel,1991). Similarly, in the Middle Magdalena basin, thin upper Oligocene-lower 

Miocene gray and carbonaceous shales of the La Cira Formation overlie the coarser 

Chorro-Chuspas Groups molasse, and are in turn abruptly overlain by the thick Real 

Formation conglomerates, sandstones and interbedded mudstones (Dickey, 1991; Irving, 

1975). The up to 3000 m thick fluvial Honda Formation was sourced from the Central 

Cordillera as indicated by fresh volcanic material in the sandstones and conglomerates 

derived from the Miocene arc built on the Central Cordillera, especially in the lower part, 

as well as paleocurrent data (Butler and Schamel, 1988; van der Wiel and van den Bergh, 
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1992; Van Houten and Travis, 1968). K/Ar dates on tuffs of 15.8 0.6 and 14.3 0.5 

Ma about 300 m above the base of the fonnation, along with plant and mammal fossils 

establish a Miocene age, with the deposition commencing in early or middle Miocene (van 

der Wiel and van den Bergh, 1992). The overlying Gigante Fonnation was initially 

sourced from the Central Cordillera, with the Garzon massif, uplifting since 12 Ma, only 

affecting the sedimentation patterns after about 7 Ma (van der Wiel, 1990). The fluvial 

and volcaniclastic Gigante Fonnation was deposited over a short interval in primarily the 

late Miocene, as detennined by K/Ar dates of -8.0 Ma near the base and -6.4 Ma near the 

top on tuffs (van der Wiel et al., 1992). In contrast, the Real Fonnation in the Middle 

Magdalena basin was sourced from the Eastern Cordillera area, as it thickens dramatically 

to the southeast into the proximal foredeep of a system of west-verging (WNW) 

backthrusts (Dickey, 1991; Irving, 1975; Schamel, 1991). The Real Fonnation is 

considered mostly Miocene, as it paraconfonnably overlies the fossiliferous upper 

Oligocene-lower Miocene La Cira Fonnation (Dickey, 1991). Subsidence curves from 

both the Upper and Middle Magdalena areas display the abrupt subsidence of tectonically 

loaded foreland basins in the early Miocene (Butler, 1983; Dickey, 1991). The Miocene 

molasse in the Magdalena basins is unconfonnably overlain by the Pliocene Mesa 

Fonnation, a thinner section, typically several hundred meters, that filled the Magdalena 

Valley by an axial fluvial system (Schamel, 1991). All these Neogene units in the 

Magdalena Valley, as well as on the east of the Eastern Cordillera, are included in the tc 

assemblage. 

Within the Eastern Cordillera the youngest preserved part of the Tertiary section is 

middle-upper Oligocene indicating uplift of the region in late Oligocene-early Miocene, as 

also indicated by the Middle Magdelena Real Fonnation foredeep deposits mentioned 

above (Dickey, 1991; Irving, 1975; Van der Hammen, 1961). In the Llanos foothills on 

the eastern side of the Eastern Cordillera and into the Llanos basin, predominantly fluvial 
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to deltaic fine-grained sandstones, siltstones and mudstones of the Carbonera Formation, 

or San Fernando Formation in the foothills, were deposited generally continuously 

through the Oligocene and into the early Miocene (Bogota-Ruiz, 1988). In the Llanos 

basin, many of the sandier units of the Carbonera appear to have been sourced from the 

Guyana shield, as they shale-out to the west. The Carbonera is overlain conformably by 

chiefly mudstones of the Leon Formation, or Diablo Formation in the foothills. The Leon 

Formation is partly marine, and fossils indicate that it was deposited during the middle 

Miocene (Bogota-Ruiz, 1988). Similar units to the Carbonera and Leon Formations are 

also present to the north into Venezuela (Chigne and Hernandez, 1990; Portilla and Osuna, 

1991). Thick, non-marine coarse-grained clastic strata of the Guayabo Formation, or Caja 

Formation in the foothills, overlie the Leon Formation, and these units are quite thick in 

the foredeep adjacent to the Eastern Cordillera, reaching thicknesses greater than 5000 m 

(Bogota-Ruiz, 1988). This molasse section is not precisely dated within, but its 

paraconformable to unconformable relationship with the better-dated Leon Formation 

indicates that it is late Miocene and Pliocene « -10-12 Ma), indicating that the east

verging Llanos fold and thrust belt on the east of the Eastern Cordillera developed later 

than the backthrusts on the western side. Seismic activity and tilting of young terrances 

indicate that this fold and thrust belt is still active. The Miocene and Pliocene sections on 

both flanks of the Eastern Cordillera were themselves deformed during the progressive 

crustal shortening recorded by the Neogene and Quaternary folding and thrusting. Some 

authors suggest that the Neogene deformation in the Eastern Cordillera was driven by the 

accretion of the Baudo terrane (Dengo, 1991) (Kellogg, 1993, personal comm.), but the 

ubiquitous Neogene deformation throughout the Andes suggests that the deformation is 

more fundamentally related to the interactions with the Nazca plate, especially since there 

was fast convergence and presumably greater coupling with the Nazca plate in the 



Neogene. A secondary level of effects may be related to the Baudo accretion and 

interactions with the Caribbean plate. 
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In the southwest Maracaibo region, the Upper Tertiary section (also tc assemblage) 

is also similar to that in the northern part of the Llanos foothills, with the deltaic and 

marine Carbonera and LeOn Formations deposited from the Oligocene into middle Miocene 

after the Eocene unconformity, and they are in turn overlain by the Guayabo Group 

molasse of middle Miocene through Pliocene age (Lugo Lobo, 1991). Near the Perija 

range in the northwest Maracaibo area, the basal upper Oligocene or lower Miocene part of 

the EI Fausto Group unconformably overlies Eocene or older rocks (Kellogg, 1984). In 

Lake Maracaibo and east, middle or upper Miocene strata unconformably overlie the 

Eocene section (Lugo Lobo, 1991). While the ages of some of these post-Eocene

unconformity units are not necessarily known precisely, the available paleontological 

evidence indicates that the oldest parts are late Oligocene at the oldest (Kellogg, 1984). 

Uplift that created this unconformity just southeast of the Perija may be late Oligocene

earliest Miocene, as apatite fission track ages for this area range from 22 to 25 Ma 

(Kellogg, 1984; Sbagam et al., 1984). 

Subsidence curves from wells in Lake Maracaibo show huge amounts of 

subsidence starting at -15 Ma (middle Miocene) or later, assuming the age assignments are 

correct (Lugo Lobo, 1991). De Toni and Kellogg (1993) considered the Leon Formation 

Oligocene on the northwestern flank of the Venezuelan Andes in the southwestern 

Maracaibo region, and the thick overlying molasse spanned the Miocene and Pliocene with 

a prominent intramolasse unconformity visible on regional seismic lines. Hence, using 

their view of ages (they clearly get their age information from other sources and do not 

discuss it), the uplift of the Venezuelan Andes and corresponding foredeep development 

began in earliest Miocene and there was a significant break in the foredeep deposition 

probably somewhere in the middle or late Miocene. The thickest part of the foredeep, 
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which reaches -8000 m, is adjacent to the Venezuelan Andes, indicating that flexural 

loading of the basin by the rising mountain range caused the subsidence (De Toni and 

Kellogg, 1993; Lugo Lobo, 1991). The Barinas-Apure basin on the southeastern side of 

the Venezuelan Andes may be similarly flexed downward, as up to -5000 m of middle 

Miocene through Pliocene molasse overlies lower Miocene marine shale that is equivalent 

to the LeOn Formation, assuming the ages reported by Chigne and Hernandez (1990) 

(Molnar and Lyon-Caen, 1988). The ages of the continental molasse sections in the 

foredeeps constrain the timing of uplift of the Venezuelan Andes, however, with the 

variety of ages reported above, precise knowledge of the timing of uplift is still poorly 

known. 

Other basins in northern Venezuela, eastern Venezuela south of the Caribbean 

ranges and south of the Araya-Paria peninsula, and along the northern, northwestern and 

western margins of Colombia contain predominantly Neogene deposits (tm, tf, tr 

assemblages). In the Falc6n basin, an uppermost Eocene-Oligocene-Miocene sequence 

was deposited while this area subsided due to localized crustal extension developed in the 

, right-lateral Caribbean-South American boundary region (Muessig, 1984a; Muessig, 

1984b). Mainly marine and deltaic sandstones, siltstones and mudstones of the Falc6n 

basin sequence (tf assemblage) overlie deformed Paleocene-lower Eocene flysch with 

angular unconformity. As discussed in the Venezuelan terranes section, a thick section (tr 

assemblage) accumulated in the foreland to the south of the Caribbean ranges during the 

late Eocene into early Miocene. In eastern Venezuela, these foreland basin deposits 

become progressively younger to the east, initiating in the Oligocene to earliest Miocene, 

as thrust loading was caused by the progessive eastward translation of the Caribbean plate 

(Aymard et al., 1990; Erikson and Pindell, 1993). Upper Eocene, and more commonly, 

upper Oligocene-Miocene strata were deposited unconformably over older rocks in several 

areas of the Guajira and Paraguana peninsulas (Alvarez, 1971; Duque-Caro, 1976; 
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Gonzalez de Juana et al., 1980). Basins in the coastal areas of Colombia, northwest along 

the Caribbean and along the Pacific coast, were filled by Eocene through Pliocene marine 

deposits (tm assemblage). TIlese thick sections, commonly turbidites, are known mostly 

from few wells, and just a few publications contain much of the available information (see 

Baud6 terrane and Paleogene assemblages discussion) (Bueno Salazar, 1990; Duque

Caro, 1976; Duque-Caro, 1979; Duque-Caro, 1984; Duque-Caro, 1990). Between the 

Western and Central Cordilleras in Colombia, the Cauca-Patia basin is filled in part by 

upper Oligocene-Miocene-Pliocene deposits (tc assemblage), with abundant fresh volcanic 

material in these clastic strata derived from the Neogene arc built on the Central Cordillera, 

as in the foreland basin of the Magdalena Valley area to the east (Irving, 1975; Vander 

Hammen, 1961). 

Distinct basins containing post-Eocene strata (tIn assemblage) cover much of the 

Pinon terrane in the coastal area of Ecuador. The deposits are mostly late Oligocene and 

Miocene and are dominantly marine, with thick Pliocene-Pleistocene sections in the 

offshore basins in the Gulf of Guayaquil (Daly, 1989). These younger basin deposits 

unconformably overlie the upper Eocene or Cretaceous assemblages (Daly, 1989; 

Kennerley, 1980). They include the upper Oligocene to middle Miocene Tosagua 

Formation, which consists of conglomeratic sandstone turbidites, grading upward into 

fmer-grained deposits, and reaching up to 4 kIn thickness. Middle Miocene to Pliocene 

clastic strata, commonly calcareous, of the Progreso Formation, in the Progreso basin, 

and the Daule Group, in the Manabi basin, overlie the Tosagua Formation (Kennerley, 

1980). Both the Tosagua and the younger formations are tuffaceous, although volcanic 

material is more apparent in the upper sequence. A stratigraphic break has been noted in 

the middle Miocene in certain areas of the coastal region, and Daly (1989) notes that 

subsidence and deposition in the basins were coeval with uplift in other parts of the forearc 

region. 

- --- --- -- -~-
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In Ecuador, as a southward continuation of the Neogene arc along the Central 

Cordillera in Colombia, volcanic and volcaniclastic deposits (nv assemblage) of the 

principally Miocene to recent continental margin arc blanket much of the high Andes and 

fllllocal intermontane basins. This arc assemblage extends into southern Ecuador as well, 

where it was deposited on Zamora and Amotape terranes as well as on overlap 

assemblages on those terranes. In the intermontane Cuenca basin in the southern 

Ecuadorian Andes, the basallacastrine part of the section is considered upper Oligocene 

(Bristow, 1973), and andesitic to rhyolitic flows also in southern Ecuador yielded 

radiometric dates of 21 and 27 Ma at the oldest (upper Oligocene and lower Miocene) 

(Kennerley, 1980). Coarser-grained sandstones and conglomerates dominate the upper 

sedimentary parts of the sections in the intermontane basins and often unconformably 

overlie the lower parts. The overlying deposits are upper Miocene and Pliocene, although 

the dating is not necessarily precise in these continental, volcanic, and volcaniclastic 

sections (Kennerley, 1980). In addition, folding of middle or upper Miocene to Pliocene 

volcanic strata and limiting unconformities indicate significant events within the Neogene 

Andean orogeny in the Ecuadorian Andes (Barberi et aI., 1988; Bristow, 1973; HaIl and 

Calle, 1982), as throughout the Andes. Oligocene-Miocene intrusions (ti assemblage) are 

present throughout Ecuador along the high Andes (Hall and Calle, 1982). 

In the Putumayo basin on the eastern side of the Andes in Ecuador and 

southernmost Colombia, the late Oligocene and Neogene stratigraphic section is similar to 

the sections in the Magdalena Valley and southern Llanos foothills in Colombia, and it was 

deposited in a foreland basin adjacent to east-vergent thrusts along the flank of the 

Cordillera Real. The Neogene section (tc assembalge) consists of a lower part of 

sandstones to claystones, with carbonaceous horizons and brackish water fossils in some 

of the fmer-grained units, and a upper part that is coarser-grained and indicates renewed 

uplift of the Andean region (Govea R. and Aguilera B., 1980; Kennerley, 1980; Tschopp, 
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1953). These primarily continental deposits are Miocene and Pliocene, although the dating 

is typically not precise within the Neogene (Campbell, 1970; Kennerley, 1980; Tschopp, 

1953). Foredeep development is not as pronounced in northern Ecuador as in the 

Magdalena and Llanos basins, however, there is still a nearly 2000 m thick section of 

Neogene in the northern Oriente. Neogene tectonic loading is apparent on subsidence 

curves based on Oriente and Putumayo wells, and the abrupt initiation of subsidence was 

apparently in middle or late Miocene, although the precise timing of initiation is not well

constrained (Dashwood and Abbotts, 1990; Govea R. and Aguilera B., 1980). Upper 

Miocene and Pliocene strata are mapped at the surface over most of the Oriente in Ecuador 

and in the Putmayo area of southern Colombia, in contrast to the Quaternary cover in the 

Colombian Llanos and in much of the foreland in Peru (Mapa Geologico del Peru, 1975; 

Arango CaIad et al., 1976; Baldock and Longo, 1982). These areas, in a heavily 

vegetated region, of probable upper Neogene strata are not displayed on the Tertiary map, 

due to discrepancies in mapping across country boundaries and uncertainty about the 

limits. Nevertheless, the foreland region is currently uplifted and incised, making the 

geodynamics of this region distinct from other parts of the Andes where the foreland 

region is mantled by Quaternary deposits. 

Central Andes 

In northern and central Peru, the plutons and volcanic strata of the Neogene arc (tv 

and ti assemblages) are located along the Western Cordillera and coastal area with only 

few preserved outcrops on the northern end of the Altiplano or along the Eastern 

Cordillera (Figures 16, 17). In southern Peru Neogene arc assemblages (tv assemblage) 

and associated deposits extend from the Western Cordillera across the broad Altiplano and 

into the Eastern Cordillera. Neogene foreland basin deposits «(ktc assemblage in part) 

outcrop in the Sub-Andean region throughout Peru and extend to the east and northeast in 

the subsurface. The sum of radiometric dating on Tertiary volcanic and igneous rocks in 
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Peru establishes a late Eocene-early Oligocene magmatic episode lasting from -42 to -35 

Ma, as discussed in the Paleogene section, followed by an early Oligocene episode with 

very few preserved magmatic rocks, in turn followed by a reinitiation of abundant 

magmatism in the late Oligocene (McKee and Noble, 1990; Noble et al., 1979; Noble et 

al.,199O). From the late Oligocene to the present, magmatism was in general quite 

extensive in Peru, but there are systematic variations in the amount of primarily volcanic 

rocks through the Neogene and Quaternary. Based on a histogram of radiometric dates on 

igneous rocks of the central Andes (McKee and Noble, 1990; Noble et al., 1974), 

magmatism was abundant from about 24 to 17 Ma and was followed by an episode of less 

magmatism from -17 to -13 Ma. Magmatism increased again in the late Miocene, with a 

maximum from -13 to -5 Ma followed by another relative lull in magmatic activity around 

4-5 Ma, although less so than in the middle Miocene, in tum followed by increased 

volcanic activity from -4 Ma to the present at certain latitudes (McKee and Noble, 1990; 

Sebrier et al., 1988). Angular unconformities have been recognized within the upper 

Oligocene-Neogene section, and in certain areas volcanics rocks above and below the 

unconformities have been dated (Ellison et al., 1989; McKee and Noble, 1982; Megard et 

aI., 1984; Noble et al., 1985; Sebrier et al., 1988). There is also typically an 

unconformity, in some places angular, beneath the upper Oligocene-lower Miocene strata. 

As discussed above, a fast relative convergence rate between the subducting Nazca plate 

and South America is the root cause of the extensive volcanism, ongoing deformation and 

related depositional effects during the late Oligocene to present building of the Andean 

Cordillera. 

The upper Oligocene-lower Neogene volcanic rocks in northern and central Peru 

have often been mapped with the Calipuy Group volcanic rocks, even though these 

younger parts typically unconformably or at least paraconformably overlie the upper 

Eocene-lower Oligocene Calipuy strata In the Western Cordillera of northern Peru a tuff 
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within a primarily volcaniclastic section, the Chala sequence of Noble and others (1990), 

yielded a 23.2 1.5 K/Ar date which is near the Oligocene-Miocene boundary, and this 

section unconformably overlies the folded upper Eocene-lower Oligocene Huambos 

Fonnation (Noble et al., 1990). Younger silicic ash-flow tuffs, which yielded 11.4 0.6 

and 8.2 0.2 Ma K/Ar dates, fill paleovalleys and overlie a regional erosion surface 

(Noble et al., 1990). These dated units in northern Peru thus identify an unconformity 

below the upper Oligocene-lower Miocene strata and another, associated with the 

development of a regional erosion surface, in the middle Miocene between the units. A 

regional erosion surface, likely formed in the same time interval, has also been identified 

in central Peru, where young, generally undeformed ignimbrites overlie the surface 

(Coney, 1971). 

The Cordillera Blanca batholith and other similar intrusive rocks (ti asemblage) are 

exposed in a linear belt in the Western Cordillera, paralleling and northeast of the Coastal 

batholith. Petford and Atherton (1992) interpreted the radiometric dates as indicating 

intrusion in two stages, -9-12 Ma and 5 Ma. This intrusive belt is considered the source 

of the 12-8 Ma ignimbrites and likely younger ones as well. Many small intrusives 

exposed in the Western Cordillera and on the Altiplano in central Peru yield KJAr dates in 

the late Oligocene through Miocene interval, in accord with the extrusive activity in the 

area. 

The basins in northwestern Peru near the coast, which overlie the Amotape terrane, 

were more fragmented, separate basins in the Miocene and Pliocene than in the Paleogene, 

with several unconformities within the basin fill (Hosmer, 1959). The Miocene-Pliocene 

sections are much thinner, ranging up to -1200 m, than the Eocene-Oligocene sections (all 

ts assemblage) (Iddings and Olsson, 1928). The lower Miocene Zorritos Formation 

consists of chiefly sandstone and conglomerate, and it unconformably overlies upper 

Oligocene shales (Hosmer, 1959; Iddings and Olsson, 1928). Middle Miocene black 
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shales followed by upper Miocene coarse sandstone, conglomerate and abundant tuffs 

overlie the Zorritos Formation, apparently transitionally. These units contain marine 

fossils at many levels and are overlain unconformably by Pliocene rocks. The stratigraphy 

in these northwest basins, with lower and upper Miocene coarse deposits separated by 

fme-grained deposits apparently reflecting less local tectonism in the middle Miocene, 

corroborates in a general sense the tectonic development recorded in the Andes of northern 

Peru. 

Volcanic and volcaniclastic strata in parts of central and south-central Peru, 

grouped with the Calipuy Group as in northern Peru, have yielded Neogene K/Ar dates 

from some of the volcanic layers that fall into the intervals of copious magmatism 

mentioned above. In the Western Cordillera and Altiplano west of Ayacucho (-13 S), 

abundant rhyolitic tuffs and andesitic to dacitic flows and breccias, both interbedded with 

conglomerate and in certain localities with fresh-water limestone, overlie the upper 

Eocene-lower Oligocene volcanic section or strongly deformed Mesozoic rocks. No 

notable unconformity is reported between the lower Oligocene and upper Oligocene parts 

in the .... 13 S area of the Western Cordillera, but a similar section to the east in the 

Ayacucho basin unconformably overlies folded and undated redbeds of probable latest 

Cretaceous-Paleocene or late Eocene-early Oligocene age (McKee and Noble, 1990; 

Megard et al., 1984). These volcanic and volcaniclastic sections are moderately to 

strongly folded and they have yielded radiometric dates from 26-17 Ma (McKee and 

Noble, 1982; Megard et al., 1984). They are always overlain with angular unconformity 

by middle to upper Miocene volcanic and volcaniclastic units that typically yield 10 to 12 

Ma dates (McKee and Noble, 1982; Megard et al., 1984). These 10-12 Ma volcanic and 

volcaniclastic rocks are gently folded to undeformed and flat-lying in the Altiplano and 

Western Cordillera areas, but are strongly deformed and overlain by other volcanic and 

volcaniclastic formations in the Ayacucho basin. Several unconformities have been 
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identified within this upper Miocene ( .... 5.5-9 Ma) section in the Ayacucho basin, and it is 

capped by an undeformed 5.5 tuff (M6gard et al., 1984). While much effort has been 

expended to tightly bracket Quechan unconformities in the Peruvian Andes and they are 

often considered correlatable throughout much of the central Peru, it is apparent that the 

latest Oligocene to recent deformation that built the Andes was an ongoing process, and 

while general deformational episodes should be identifiable over extensive regions, precise 

correlation of tightly bracketed unconformities is not necessarily likely. 

In southern Peru, volcanic and volcaniclastic sections of the Tacaza Group (tv 

assemblage), similar to those in northern central Peru, cover large areas of the Western 

Cordillera and into the Altiplano region from Lake Titicaca northwest to the Cuzco

Abancay area. The volcanism of the Tacaza Group commenced in the late Oligocene, with 

the oldest dates from many areas around 25-26 Ma (S6brier et aI., 1988). The Tacaza 

Group typically overlies the folded Puno Group of Oligocene or older age, or the undated 

Huanca Formation. The Tacaza Group, which is up to 3500 m thick, consists of andesitic 

flows and breccias, dacitic tuffs, some basalt and associated volcaniclastic strata (Ellison et 

aI., 1989; Newell, 1949). The Tacaza Group includes rocks dated as young as 17 Ma, but 

an angular unconformity is within the section in parts of the Western Cordillera, and this 

unconformity is tightly constrained to .... 22-23 Ma by KlAr dating of volcanic layers above 

and below (Ellison et aI., 1989). The younger part of the Tacaza Group is concordantly 

overlain in a part of the Western Cordillera by the .... 17 Ma Palca ash-flow tuffs and 

Sillapaca lavas, which are as young as .... 12.8 Ma (Ellison et al., 1989). Younger 

ignimbrites, which have yielded KlAr dates around 7-9 Ma, overlie the Sillapaca or Maure 

groups or the older part of the Tacaza Group which lies below the .... 22-23 Ma 

unconformity. These ignimbrites often fill paleovalleys cut in the older Tacaza Group. 

Upper Miocene sedimentary and volcaniclastic rocks of the Maure Group, interpreted as 

primarily lacustrine deposits, were deposited east of and interfingering with the Sillapaca 
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Group. Radiometric dates on interbedded volcanics in the upper part yield .... 8-11 Ma 

dates. Pliocene-Quaternary Barroso Group andesitic volcanic rocks of the arc cap the 

sequence in the Western Cordillera, and other, gently folded Pliocene and Quaternary 

continental and lacustrine sedimentary and pyroclastic volcanic rocks cover other parts of 

the Altiplano. 

Equivalent strata to the Tacaza Group, composed of fluvial and lacustrine deposits 

with intercalated volcanic flows and tuffs, are preserved in local depocenters of the 

Crucero basin within the Eastern Cordillera of southern Peru in the Cordillera Carabaya 

(Laubacher et al., 1988). Dacitic and rhyolitic tuffs, and several basalt flows, in the 

middle and upper parts of the Cayconi Formation of the Crucero basin, yielded .... 22 to .... 25 

Ma KlAr dates (Bonhomme et al., 1988), confirming an late Oligocene-early Miocene age 

as has been obtained from the Tacaza Group. The basal Cayconi fluvial redbeds overlie 

Cretaceous rocks with a low-angle unconformity (Laubacher et al., 1988). Small 

peraluminous plutons that also yielded radiometric dates between 23 and 26 Ma are 

exposed in areas surrounding the Crucero basin (Clark et al., 1983; Kontak et al., 1990). 

Slightly tilted and faulted Mercedes Fonnation fluvial deposits of probable Pliocene age 

unconformably overlie the Cayconi Formation and cap the pre-Quaternary of the Crucero 

basin. 

In the coastal region of southern Peru, the Upper Moquegua Form.ation overlies 

the undated Lower Moquegua Formation with slight angular unconformity, and felsic 

volcanic rocks interbedded in the coarse clastic strata of the Upper Moquegua Formation 

yielded radiometric dates from 25 to 23 Ma (Noble et al., 1985; Tosdal et al., 1981). 

More extensive silicic volcanism of the Huaylillas Formation interfingers with or 

conformably overlies the Upper Moquegua Formation, and KlAr dates on these volcanics 

range from .... 23 to 17 Ma (Noble et al., 1985; Tosdal et al., 1981). Several sets of 

younger, but areally less-extensive, ignimbrites comprise the upper Miocene in the coastal 
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region of southernmost Peru. Ignimbrite sheets of the Chuntacala Formation, dated from 

- 14 to -9 Ma, unconformably overlie and fill paleovalleys in the Huaylillas Formation 

(Tosdal et al., 1981). Younger rhyolitic ash-flow tuffs extend over various parts of the 

Western Cordillera and into the Altiplano as the Seneca Formation, and have yielded latest 

Miocene K/Ardates (-6-7 Ma). Andesites of the large stratovolcanoes of the Western 

Cordillera comprise the Barroso Group, and these distinct youngest volcanic rocks are 

Pliocene to Quaternary, with radiometric dates as old as -5 Ma (Scbrier et al., 1988; 

Tosdal et al., 1981). 

The unconformities in the Peruvian Andes, identified and bracketed by field 

mapping and dating, do not necessarily correlate precisely from area to area, as the data 

summarized above indicates. Perfectly synchronous development of each unconformity 

would not be predicted over large areas of inhomogeneous crust, due to differing 

responses to the ongoing compression and orogeny. Folding and thrusting progressively 

deformed additional areas through the long-lasting compression of the continental margin, 

and intermontane and external foreland basins formed and often also progressively 

developed, with changes in the depocenter axes, during crustal shortening and resultant 

uplift. Nevertheless, some general episodes of tectonic development appear to carry 

through the local "noise" through most of Peru. As previously discussed, the initiation of 

the Aymaran-Quechan orogeny began in the late Oligocene and an initial episode of 

abundant volcanism in the latest Oligocene and early Miocene is prevalent throughout Peru 

and into Bolivia and northernmost Chile. In the middle Miocene, there appears to have 

been reduced volcanism, although it was still fairly extensive in southern Peru, and there 

was extensive development of erosionallandfonns on deformed rocks of the late 

Oligocene-early Miocene episode (Myers, 1976; Scbrier et al., 1988; Tosdal et al., 1984). 

These landforms, called the Puna surface in northern and central Peru and the Multiple 

Pediment stage in southern Peru, are also not precisely synchronous, but in general fall 

----- ----------- - -------- ---- ----
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into the middle Miocene (Tosdal et al., 1984). Increased volcanism, including abundant 

ignimbrites, renewed in the upper Miocene and generally continued into the Quaternary, 

but the chemistry and character of the eruptions varied. Several unconformities separate 

parts of the the upper Miocene-Pliocene sections in central to southern Peru, especially on 

the northeast side of the Altiplano (Ellison et al., 1989; Laubacher et al., 1988; Megard et 

aI., 1984). The strong folding and faulting generally progressed northeastward, or 

eastward in Bolivia, with time, so the younger Pliocene deformation affected primarily the 

Sub-Andean zone while the Western Cordillera and Altiplano were uplifted, due to the 

ongoing crustal shortening and thickening, with less internal Pliocene defonnation. Some 

extensional faulting has been noted in the Andes of Peru, but this is likely a result of 

stresses created by the high topography or it may be due to local transtensional effects 

(Froidevaux and Isacks, 1984; Molnar and Lyon-Caen, 1988; Sebrier et al., 1985; Sebrier 

et al., 1988). The general character and succession of the upper Oligocene and Neogene 

rocks as seen in Peru carries into Bolivia as will be discussed in the following paragraphs. 

In Bolivia, a pre-late Oligocene regional unconformity, often a disconformity 

where better constrained temporally, and abrupt changes in source directions for 

continental clastic deposits in the Altiplano region indicate the initiation of the Aymaran

Quechan orogeny. Defonnation stepped eastward at the beginning of this 

tectono sedimentary episode to include previously undefonned areas and subsidence began 

in newly defmed intennontane foreland basins in the Altiplano, Eastern Cordillera and in 

an external foreland basin in the Sub-Andean region and to the east. In the northern part 

of the Altiplano in Bolivia, the upper Oligocene Coniri Formation, a thick continental 

clastic section that coarsens upward, disconformably overlies the Eocene-lower Oligocene 

Tiahuanacu Fonnation. A tuff in the upper part of the Tiahuanacu yielded a -29 Ma K/ Ar 

date (concordant on biotite and plagioclase), and a tuff in the lower Coniri yielded a -25.5 

Ma date, thus constraining the disconformity (Sempere et al., 1990). The paleocurrent 
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direction changes abruptly at the unconfonnity, indicating that the source of the Coniri 

clastic deposits was from the NNE, and they are interpreted as foreland basin deposits of 

the southwest-verging Huarina fold and thrust belt (Sempere et al., 1990). As discussed 

in the Paleogene section, the older Eocene-Oligocene sections were probably also foreland 

basin deposits, but sourced from the present Cordillera Occidental area to the west and 

southwest. 

In the Huarani fold and thrust belt itself, the basal Luribay conglomerate and 

overlying Salla beds overlie Eocene or older rocks with angular unconfonnity. The Salla 

beds contain Deseadan mammals and were deposited in a piggyback basin developed on 

the fold and thrust belt as it developed in the late Oligocene-early Miocene (Marshall and 

Sempere, 1991; Sempere et al., 1990). Magnetostratigraphic studies on the Salla beds, 

combined with fission track dates suggest an age range of -21 to -24 Ma (McRae, 1990; 

Sempere et al., 1990), although another interpretation of the data based on a KlAr date 

suggests an .... 25 to ,..,28 Ma range (MacFadden et al., 1985). It appears these units were 

coeval with the Coniri Formation in the northern Altiplano, and the unconformity at the 

base of the section is another expression of the late Oligocene initiation of deformation and 

new intermontane foreland basins in the Altiplano region. 

A similar relation exists in the southern Altiplano of Bolivia, where the Eocene

lower Oligocene Cayara-Potoco Formations are overlain with notable disconformity to 

angular unconformity by the San Vicente Formation (Baby et al., 1990; Baby et al., 1992; 

Kussmaul et al., 1977). The lower part of the San Vicente was sourced from an uplifted 

thrust belt to the east, while the upper part indicates another source from a thrust system to 

the northwest (Baby et al., 1990). The San Vicente consists of continental sandstone, 

mudstone, and conglomerate, and it tends to thicken and coarsen upwards. Thin tuffs are 

common within the upper part of the San Vicente, and the Rondal and Julaca lavas are also 

known above the tuffs in the San Vicente Formation. This whole section was folded 
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together in the early to middle Miocene (Kussmaul et al., 1977). The underlying Potoco 

Formation was folded, in wide folds, and faulted before the deposition of the San Vicente 

Formation. The unconfonnity beneath the San Vicente is apparently also late Oligocene 

(-26-27 Ma), about the same age as the sub-Coniri unconfonnity in the northern 

Altiplano, based on a -23 Ma KlAr date on one of the Rondallavas as well as vertebrate 

fossil control on the underlying Potoco and overlying Quehua Formations (Baby et al., 

1990; Baker and Francis, 1978; Kussmaul et al., 1977). All these upper Oligocene

Neogene deposits in Bolivia are part of tc assemblage. 

Corresponding to the late Oligocene-early Miocene deformation and subsidence in 

Bolivia, there was also abundant coeval volcanism in northernmost Chile and the western 

Altiplano of Bolivia. Radiometric dates.on these volcanic rocks (nv assemblage) typically 

fall in the -17-25 Ma range (Baker and Francis, 1978; Evernden et al., 1977; Kussmaul et 

al., 1977; Lavenu et al., 1989). Other late Oligocene-early Miocene volcanic (also nv 

assemblage) and intrusive rocks (ti assemblage) are exposed in a belt along the Eastern 

Cordillera (Cordillera Real) and adjacent Altiplano through Bolivia and into southern Peru, 

and tin deposits are associated with these volcanic and subvolcanic rocks. These rocks 

and the mineralization have typically yielded -26-12 Ma dates, but most dates are 

concentrated in the 17-26 Ma range (Ericksen et al., 1990; Evernden et al., 1977; Grant et 

al., 1979; McBride et al., 1983). 

In the Subandean region, upper Oligocene-lower Miocene deposits of the Petaca 

and Bala Formations disconfonnably overlie upper Cretaceous rocks equivalent to the 

upper Cretaceous section in the Cordillera Oriental and Altiplano. These formations 

consist primarily of continental sandstones with subordinate mudstone and conglomerate, 

and the Petaca is up to 400 m thick (Marshall and Sempere, 1991; Marshall et al., in 

press). The basal Petaca Formation contains the same Deseaden mammal fossils as were 

found in the Salla beds in the Huarani belt, so these fIrst Tertiary deposits in the 
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Subandean region are of late Oligocene age (Marshall and Sempere, 1991; Marshall et al., 

in press; Sempere et al., 1990). These deposits are interpreted as external, distal foreland 

basin deposits resulting from deformation to the west that fIrst affected the Altiplano and 

Easte;n Cordillera in the late Oligocene-early Miocene (Marshall et al., in press; Sempere 

et al., 1990). Green and black marls and calcareous sandstones of the Yecua Formation, 

with restricted-marine and lacustrine horizons, transitionally overlie the Petaca Formation. 

Late Miocene fossils in the Yecua Formation as well as in the upper Petaca Formation 

indicate that the Petaca ranges up to early late Miocene in age. The cumulative thickness of 

the Tertiary section in and just east or northeast of the frontal Sub-Andean area, in the 

present depocenter, is 4500 to 6000 m. The Petaca and Yecua Formations together 

account for -700 m of this section, reflecting their distal foreland basin position (Marshall 

et al., in press). The thicker overlying red and brown continental sandstones, mudstones 

and conglomerates of the Chaco Superior Fonnation were deposited in or nearer the 

eastward and northeastward migrating depocenter of the late Miocene to recent foreland 

basin. This entire upper Oligocene-Neogene section in the Sub-Andean region is grouped 

in tc assemblage. 

In Bolivia, as in much of the Andean region of Peru, there appears to have been a 

reduction in the amount of volcanism and deformation along with development of 

erosional landforms in certain areas in the middle Miocene, followed by another strong 

episode of progressive deformation and foreland basin formation extending deeper into the 

continent beginning -12-10 Ma (Marshall and Sempere, 1991; Sempere, 1990; Sempere et 

al.,199O). Some volcanic layers interbedded with clastic rocks in the northern Altiplano 

have yielded middle Miocene KJAr dates of 13.5 0.4 and 17.9 0.7 Ma (Lavenu et al., 

1989), and other flows and tuffs in southern Bolivia have also yielded middle Miocene 

dates (Baker and Francis, 1978; Kussmaul et al., 1977). These units indicate that there 

was continued arc activity in the Altiplano as well as subsidence in certain parts through 
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the middle Miocene, but the volcanic activity and defonnation was reduced in the middle 

Miocene. Abundant volcanism recommenced in the Western Cordillera and the eastern 

Altiplano at about 12 Ma, again coeval with renewed deformation and creation of new 

foreland basin depocenters. The younger Tertiary formations «-12 Ma) in Bolivia are 

typically a mix of coarse clastic, abundant volcanic and volcaniclastic deposits. Several 

unconformities, some angular, are present within the upper Miocene to recent sections in 

the Altiplano of Bolivia. The main axis of volcanic rocks outcrops in the Western 

Cordillera along the Chile-Bolivia border and radiometric dates establish the late Miocene 

to Pliocene age of many of these flows and tuffs, with younger stratovolcanoes built on 

the older volcanic rocks (Baker, 1981; Baker and Francis, 1978; Kussmaul et al., 1977). 

Large upper Miocene volcanic fields, chiefly ignimbrites, also cover areas along the 

eastern edge of the Altiplano. These fields include the tin and lithium-rich peraluminous 

ignimbrites of the Los Frailes and Morococala fields, and they are dated from -6.4 to -8.5 

Ma (Ericksen et al., 1990; Evernden et al., 1977; Marshall et al., 1992). 

On the western Altiplano in northern Bolivia, the Mauri Formation is an 1100 m 

thick conformable section that extends from the uppermost Oligocene to uppermost 

Miocene, based on radiometric ages of interbedded tuffs a.l1d flows, which are -25 Ma 

near the base, and -10 Ma near the top (Evernden et al., 1977; Lavenu et al., 1989; 

Marshall et al., 1992). In the central Altiplano, the equivalent section, the Totora Group 

and Crucero Formation, is 4200-5600 m thick and also consists of reddish clastics and 

interbedded volcanic rocks. Radiometric dating on tJffs, one of which also extends into 

the region of the Mauri Formation, and land mammal fossils from the section indicate a 

middle to late Miocene age. A similar section of continental and volcanic deposits, the 

Chacaya and Quehua Fonnations, concordantly overlies the upper Oligocene-lower 

Miocene San Vicente Formation in the southern Altiplano. Middle and late Miocene 

mammal fossils have also been found in the Quehua Formation. A thorough account of 



the many fonnation names and dating infonnation on these Miocene and younger 

assemblages in the Altiplano and equivalent units in the Eastern Cordillera and Sub

Andean region has been given by Marshall and Sempere (1991), Marshall and others 

(1992), and Lavenu and others (1989). 
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The middle and upper Miocene deposits in the Altiplano as well as into the 

Cordillera Oriental are typically overlain with angular unconformity by rocks that have 

yielded latest Miocene dates or dates at about the Miocene-Pliocene boundary. In the 

northern Altiplano volcanic rocks of the Cerke Formation yielded K/Ar dates from 5.7 to 

7.6 Ma, and they overlie the folded Mauri Fonnation (Lavenu et al., 1989). In other parts 

of the northern to central Altiplano of Bolivia, tuffs at the base of the primarily Pliocene 

Umala, La Paz, Pornata and Remedios Formations, which overlie the angular 

unconformity, yielded 4OAr/39Ar and K/Ardates of - 5.4 Ma (Marshall et al., 1992). 

These Pliocene formations are typically overlain with angular unconformity by Pleistocene 

rocks. The radiometric dating and fossil mammals in the northern Altiplano define an 

unconformity between -2.6 Ma and -1.6 Ma, but another is locally constrained to slightly 

pre--2.8 Ma (Marshall and Sempere, 1991; Marshall et al., 1992). In the Sub-Andean 

region and the foreland to the east, thick sections of continental clastic rocks were 

accunulated from late Miocene to recent A similar pattern of upper Miocene to· Quaternary 

assemblages extends into northernmost Argentina (Jordan and Alonso, 1987). 

Throughout the central Andes, upper Oligocene-lower Miocene arc and foreland 

basin assemblages were created during the renewed defonnation in the late Oligocene-early 

Miocene. The renewal of deformation at this time appears generally throughout the 

Andes, suggesting a fundamental control of the subduction zone that extended the length 

of the Andes at this time. The break-up of the Farallon plate, the initiation of the East 

Pacific rise spreading at its present axis, and a corresponding increase in relative 

convergence rate in the late Oligocene, around 25-27 Ma, correlate with the initiation of 
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renewed defonnation, and likely affected the coupling at the subduction zone, and thus the 

volcanism, defonnation and resulting assemblages in the upper plate (Figure 40). A time 

of reduced volcanism and defonnation during the middle Miocene, followed again by an 

increase in the late Miocene-Quaternary also appears to extend throughout the central 

Andes. Covergence rate changes, as well as they are constrained, do not simply correlate 

with these younger tectonic changes in the upper plate, as appears to be the case for the 

tectonic changes in the Eocene and late Oligocene. 

Southern Andes 

Upper Oligocene-Neogene assemblages in the southern Andes are similar to the 

Paleogene in general, represented primarily by arc volcanic, intrusive and volcaniclastic 

rocks (nv assemblage), foreland basin clastic strata (tc,tp in part, and ncs assemblage) and 

some preserved fore-arc assemblages (ns and tm assemblages) (Figures 18-21). In the 

northern segment of the southern Andes (to -35 S), the arc position stepped eastward. in 

the early Miocene to its present position, and defonnation spread progressively eastward 

in the Neogene. In the remainder of the southern Andes, the arc axis did not move 

substantially, remaining located generally near the axis of the Cretaceous and Paleogene 

are, except for some distinctive changes in northern Patagonia. While all parts of the 

southern Andes, and in fact all the Andes, experienced substantial Neogene shortening, 

the defonnation was stronger and affected wider areas east of the arc axis in the northern 

segment of the southern Andes. The subducting slab geometry impacted the distribution 

and ages of arc volcanics as well as influencing defonnational patterns in the southern 

Andes. The flat-slab segment from -28 to 33 S developed. in the Neogene and thus 

limited the arc development here and apparently caused the strong defonnation in the 

Pampean ranges. The foreland basin sections in the southern Andes are almost entirely 

continental, with the exception of some in southern Patagonia (tp assemblage in part). 

Patagonia is also unique due to the extrusion of extensive plateau basalts (pb assemablge) 
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in the Neogene, continuing from the Paleogene, as well as due to marine transgressions 

(tp and nm assemblages) onto the continent from the Atlantic Ocean. 

As discussed in the central Andes Neogene section, a volcanic sequence in 

northernmost Chile overlies lower Oligocene or older units with angular unconformity, 

and the oldest ash flow tuffs wihtin the sequence yielded lowermost Miocene KI Ar dates 

of -23 Ma (Baker, 1981; Baker and Francis, 1978; Lahsen, 1982). This chiefly volcanic 

section, the Oxaya Formation, consists of -1100 m of andesitic lavas, ignimbrites, breccia 

and sandstone. Other similar andesitic and pyroclastic sections in northernmost Chile are 

folded and the folding magnitude decreases upward in the section, suggesting ongoing 

deformation in the Miocene (Marinovic S. and Lahsen A., 1984). The folded Altos de 

Picas ignimbrite and lava sequence, located around 20 -21 S, commenced in middle 

Miocene, as indicated by several radiometric dates of 15-17 Ma (Baker and Francis, 1978; 

Lahsen, 1982). Tuffs within the uppermost folded units in northernmost Chile gave KlAr 

dates of -12 and -9 Ma, while in places they are overlain by undeformed dacitic flows that 

bear 4.6 and 3.5 Ma KlAr dates (Lahsen, 1982). To the south, in the Sierra de Moreno 

and Cordillera Domekyo of the Chilean Precordillera, the Eocene Purilactis Group, dated 

in its upper part at -39-40 Ma, was folded and thrusted eastward, and was subsequently 

overlain by the Tambores and San Pedro Formation. Tuffs within the 3000 m thick San 

Pedro Formation, taken from layers several hundred meters above the base, have yielded a 

24.9 1 Ma date and a poorly constrained 28.6 6 Ma date (Boric P. et aI., 1990; Wilkes 

and Gorier, 1990). Also in the same Salar de Atacama area (-21 -24 S), the upper 

Oligocene-lower Miocene San Pedro Formation of the Paciencia Group is deformed and 

unconformably overlain by the Machuca lavas dated at -17 Ma and by younger -7-10 Ma 

volcanic rocks as well (Boric P. et aI., 1990; Hooper and Flint, 1987; Jordan and 

Gardeweg P., 1989; Lahsen, 1982). The upper Miocene units here are also folded and 

Pliocene ignimbrites unconformably overlie these folded strata. Some Quaternary 
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defonnation and faulting has also affected the Pliocene units, including thrusting as well as 

normal and strike-slip faulting (Flint et al., 1993; Hooper and Flint, 1987; Lahsen, 1982; 

Ramfrez R. and Gardeweg P., 1982). 

South of the Salar de Atacama up to -28 S, the oldest parts of the Neogene 

volcanic section, at least as known with the present density of dating, are -25 Ma, 

corresponding to the latest Oligocene-early Miocene volcanic episode to the north (McKee 

et al., 1994). Shallow intrusive bodies in Chile (sub-volcanic dacites at 2649'S) and 

Argentina (-25 -26 S) yielded K/Ar dates from -23 to 20 Ma, corroborating the results 

from the volcanic rocks (Jordan and Gardeweg P., 1989; McNutt et al., 1975). Younger 

andesitic to rhyolitic volcanic episodes are also represented by abundant flows and tuffs 

concentrated from -12 Ma into the Quaternary (Jordan and Gardeweg P., 1989). In the 

forearc region of northern to central Chile (-21 -31 S), poorly sorted coarse clastics of the 

Atacama gravels (ns assemblage) were deposited during much of the Miocene, as 

suggested by K/Ar dates of 24 and 13 Ma from interbedded tuffs (Escobar T., 1980; 

Naranjo and Puig, 1984). Overall, in the central to southern Andes of northern Chile, 

northwestern Argentina and southwestern Bolivia, arc magmatism reinitiated east of the 

lower Tertiary arc axis in the latest Oligocene-early Miocene at -26-20 Ma (Baker and 

Francis, 1978; Boric P. et aI., 1990; Jordan and Gardeweg P., 1989; Lahsen, 1982; 

McKee et al., 1994; Skarmeta M. and Marinovic S., 1981). Based on a histogram of 

radiometric dates for the 20 -28 S segment of the Andes (Jordan and Gardeweg P., 1989; 

McKee et al., 1994), a second volcanic episode commenced at about 17 Ma, and a third at 

about 12 Ma with peaks of activity around 8-9 Ma and < 1.5 Ma. Ignimbrites and 

andesitic flows from stratovolcanoes were the primary products of the volcanism until the 

Quaternary, which is dominanted by andesitic stratovolcanoes (Baker, 1981; Baker and 

Francis, 1978; Coira et al., 1982). The descriptions offolding and faulting on the western 

flank of this segment of the Andes, which include variable folding up through the section 
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and many distinct constraints on the tirnimg of defonnation in a particular locality, suggest 

that defonnation was probably more or less continous from the late Oligocene through the 

Miocene, and in areas appears to continue into the Quaternary. Distinct episodes of 

defonnation are suggested by common angular unconfonnities between the volcanic 

sequences that appear in general to correspond to the distinct episodes of volcanism in late 

Oligocene-early Miocene, middle Miocene beginning about 17 Ma, late Miocene beginning 

about 12 Ma and peaking at 8-9 Ma, and Pliocene. 

Isacks' (1988) model of the orogenic development of the central Andes generally 

considers the western flank to have been passively uplifted into a monoclinal flexure 

during the primary uplift of the Altiplano-Puna plateau, with the upper crustal shortening 

taking place on the east side of the Andes. Oeady, large amounts of upper crustal 

shortening were accommodated in the Cordillera Oriental and Sub-Andean fold and thrust 

belt, but it is surprising how commonly orogen-nonnal shortening on folds and thrusts 

involving Miocene-Pliocene rocks is reported in northern Chile. The magnitude of upper 

crustal shortening on the western flank is not well known, but it appears that the western 

flank contributes some small amount to the total shortening that built the Altiplano-Puna 

(Schmitz, 1994). The late Miocene to present part is probably quite small, but the late 

Oligocene-early Miocene part may be substantial as the defonnation only extended 

eastward into the Altiplano and Eastern Cordillera at this time. Alternatively, the 

shortening on the western flank may be localized transpressional effects related to right

lateral strike-slip faulting which may be viewed as the orogen-parallel partitioned part of 

the Neogene oblique convergence. 

As in northern Chile, Neogene volcanic and volcaniclastic strata, usually with late 

Miocene and younger dates, cover parts of the Puna plateau in northern Argentina (Jordan 

and Gardeweg P., 1989; Turner and Mendez, 1979). Sedimentary sections often underlie 

these volcanic strata and equivalent strata are exposed to the east in the Cordillera Oriental 
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and Sub-Andean region. In some localities these sections overlie Eocene Salta Group 

strata with angular unconfonnity, thus indicating initial deformation in the Puna region 

before the deposition of the Oligocene? or Miocene units (Marrett et al., 1994; Turner and 

Mendez, 1979). Alluvial plain pre-25 Ma Oligocene? strata are coarse on the west and 

become finer to the east (Jordan and Alonso, 1987). Latest Oligocene through middle 

Miocene (-25 to 10 Ma) continental strata begin to show an axis of deposition to the east 

of the Puna, as well as scattered, occasionally thick sections in the Puna area (Jordan and 

Gardeweg P., 1989). Upper Miocene strata in northern Argentina define a 3000 m thick 

foreland basin axis of deposition in and east of the Sub-Andean zone as well as 3000-4000 

m thick sections in localized basins within and around the Puna (Jordan and Alonso, 1987; 

Mingramm et al., 1979; Schwab and Lippolt, 1976; Turner and Mendez, 1979; Turner and 

Mon, 1979). These continental sections, especially the lower parts, are commonly not 

precisely dated. In the Sub-Andean region, one zone within the thick continental section 

contains horizons with marine fossils and is considered late Miocene (Jordan and Alonso, 

1987; Mingramm et al., 1979). It may correlate with the Yecua Formation marine 

horizon, approximately 10 Ma, in the Sub-Andes of Bolivia (Marshall et al., in press). All 

the post-Salta Group (kts assemblage) strata are grouped as tc assemblage, and they are 

the record of the progressive development of foreland and intermontane basins during the 

eastward-progessing deformation and uplift of the late Oligocene-Neogene Andes. 

Marrett, et al. (1994) and Cladouhos, et al.(1994) have published comprehensive 

up-to-date syntheses of the Neogene deformation in the Puna and Cordillera Oriental/Santa 

Barbara system in northern Argentina. This paragraph summarizes from their syntheses, 

which while contributing new insights from significant new geochronological and 

structural data also incorporates much previous work (Allmendinger et al., 1982; 

Allmendinger, 1986; Allmendingeret al., 1983; Allmendinger et al., 1989; Coira et al., 

1982; Grier, 1990; Grier et al., 1991; Jordan, 1984; Jordan and Alonso, 1987; Jordan and 
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Gardeweg P., 1989; Mingramm et al., 1979; Mon, 1979; Turner and Mendez, 1979; 

Turner and Mon, 1979). Constraints on the chronology of the Neogene defonnation of 

the Puna and foreland area in the Cordillera Oriental and Santa Barbara system indicate that 

substantial shortening of the Puna region began by 7-13 Ma, and possibly began before 17 

Ma in some areas. The defonnation in the southern Puna continued through the middle 

and late Miocene into the Pliocene (up to -4 Ma), while in the northern Puna this episode 

of defonnation ended by about 9 Ma In the foreland areas, Neogene strata typically 

overlie Paleogene strata concordantly or nearly concordantly, and the oldest deformation 

known in one locality was pre-12 Ma. The earliest defonnation recorded in most foreland 

areas was late or latest Miocene, from 10 to 5 Ma, and it continued until-I-2 Ma. This 

defonnation continued progressing eastward, and it is ongoing today in the seismically 

active Sub-Andean belt to the east In both the Puna and foreland areas, kinematic 

indicators of the Miocene-Pliocene tectonics indicate a consistent E-W to NW -SE 

shortening. Structures and deposits created during the Miocene-Pliocene are cut by 

another set of faults. This younger episode of defonnation also affected both the Puna and 

foreland areas, but the E-W to NE-SW direction of shortening is distinct from the earlier 

episode. In the Puna, this faulting initiated after 4 Ma and offsets strata as young as 0.2 

Ma. In the foreland areas the younger defonnation began in the Quaternary and is 

continuing today, as indicated by earthquake activity (Cahill et al., 1992). It is not 

apparent from the all the data presented by Marrett, et al. (1994) and Cladouhos, et al. 

(1994) if the defonnation in the Puna and foreland can be resolved into distinct periods, 

like the apparently distinct magmatic periods in northern Chile, or if there is just a 

continous progression of defonnation from middle Miocene or earlier. The direction of 

shortening during the Miocene-Pliocene defonnation is statistically distinct from the 

Nazca-South America convergence direction, and this difference has been attributed to 
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control exerted by pre-existing structures (Grier, 1990; Grier et al., 1991; Marrett et al., 

1994). 

There was much reduced development of the Neogene volcanic arc in north-central 

Chile due to the well-established effect of the evolving flatter subduction angle (Jordan et 

al., 1983). The Nazca slab dips at only -10 under the 28 -33 S segment of the Andes, 

while in the central Andes it dips at -30. The interpretation of earthquake data suggests a 

gradual transition from the 30 - to 10 -dipping slab from 24 to 28 S, while to the south (at 

-32 S) the change in slab dip is much more abrupt (Barazangi and Isacks, 1976; Bevis and 

Isacks, 1984). In northern Chile, extensive volcanism continued through the Pliocene and 

Quaternary, while at -26 -27 S in the transition zone to the flat slab, the youngest 

volcanics are upper Miocene (-6 Ma) along the main axis of the Neogene arc (McKee et 

al.,1994). In the 28 -33 S segment, volcanism along the arc axis began in the latest 

Oligocene-early Miocene as to the north and south, but it began to change character around 

18 Ma, with the last extensive volcanic episode from -16-11 Ma (Kay et al., 1988). As 

the slab was flattening, volcanism and deformation spread eastward into the Precordillera 

and Pampean ranges (Kay et al., 1988; Reynolds et aI., 1990b). 

In the high Cordillera in the flat slab region, basaltic andesitic, andesitic and 

rhyolitic lavas, rhyolitic to dacitic pyroclastics, and rare clastic interbeds comprise the up 

to 2000 m thick Dona Ana Formation. An angular unconformity is inferred between the 

Dona Ana Formation and the lower Tertiary units based on internal structure (Mpodozis 

M. and Cornejo P., 1988). Radiometric dates on Dona Ana volcanic rocks range from 19-

26 Ma, and associated subvolcanic bodies, the Infiernillo plutons, are coeval to slightly 

younger, as indicated by outcrop relations and a 16.7 0.6 KlAr whole rock date (Kayet 

al., 1988; Maksaev et al., 1984). The Dona Ana Formation is overlain with angular 

discordance by the up to 1900 m thick Cerro de las T6rtolas andesitic flows and breccias 

which yielded KI Ar dates from 16.6 0.7 to 11.0 0.5 Ma (Maksaev et al., 1984; 
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Mpodozis M. and Cornejo P., 1988). A steeper REE element pattern from these younger 

volcanic rocks is interpreted as resulting from the shallowing angle on the slab and this 

interpretation is supported by volcanism spreading to the east in the Calingasta valley and 

Precordillera also in the middle Miocene (Kay et al., 1988). Plutons that yield radiometric 

dates similar to the Dona Ana and Cerro de las T6rtolas volcanic rocks are exposed along 

the high Cordillera south of the main outcrops of the volcanic sequences (-31 -32 S). 

Two plutonic superunits are recognized, the older yielded primarily late Oligocene dates 

around 25 Ma, and the younger yielded dates from 17 to 8 Ma (parada et al., 1988; 

Rivano G. et al., 1985). The volcanism in the flat slab area spread eastward between -11 

and 7.5 Ma, and it continued until 5 Ma in the eastern part of the Pampean region. Minor 

silicic ignimbrites with ages as young as -6 Ma were erupted in the high Cordillera 

following the more extensive Cerro de las T6rtolas volcanism, and all volcanic activity, 

both in the Cordillera and to the east, in the flat slab region ceased by -4-5 Ma (Kayet al., 

1988). All the upper Oligocene-Neogene volcanic rocks are part of the nv assemblage as 

to the north and south. The volcanics east of the Cordillera in the flat slab segment are not 

extensive enough to display at the scale of the map. 

Neogene deformation in the flat slab segment, like the eastward advance of 

volcanism, progressively advanced into areas east of the high Cordillera in response to the 

flattening of the slab. The chronology of the deformation has been well worked out in the 

past decade through radiometric dating, detailed magnetostratigraphic and stratigraphic 

studies (Beer, 1990; Johnson et aI., 1986; Jordan et 'al., 1990; Reynolds et al., 1990a; 

Reynolds et al., 1990b; Tabbutt, 1990). Deformation and uplift was restricted to the main 

Cordillera prior to about -18 Ma, or middle Miocene. The deformation front moved 

eastwards into the Precordillera in the middle Miocene, beginning the formation of the 

Precordillera fold and thrust belt The t.lrick-skinned uplifts of the Pampean ranges began 

by -8.2 Ma and seismic activity indicates continued faulting today in this region. The 
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initial indication of defonnation in the Precordillera is interpreted as about 16 Ma in the 

northern Precordillera, based on an increased accumulation rate, changes in sedimentary 

content and fluvial depositional characteristics in the Las Juntas section (Reynolds et aI., 

1990a). The Rio Azul section, to the south in the Precordillera, suggests a slightly later 

initiation of defonnation in the central Precordillera at about 13 Ma (Jordan et aI., 1990). 

Deposition of thick conglomerates that suggest thrusting proximal to the sections began 

later, at about 4.8 Ma in the Huaco section, about 8 Ma in a section near San Juan and 

about 10.8-10.4 Ma in the Rio Azul section (Johnson et aI., 1986; Jordan et aI., 1990). 

All of these middle Tertiary into late Miocene or Pliocene sections were later uplifted and 

defonned, indicating continuing deformation in the Precordillera, especially in the frontal 

part, during the Pliocene, constrained to post 2.4 Ma at the Huaco section (Johnson et al., 

1986; Jordan et al., 1990; Reynolds et al., 1990a). The reverse-faulted Pampean 

basement blocks were actively uplifted in the late Miocene, post -8.2 Ma, overlapping in 

time with the ongoing thrusting in the Precordillera (Reynolds et al., 1990b). The uplift of 

the Sierra de Famatina was active from 6 Ma to the present, based on fission-track dates of 

tuffs interbedded in synorogenic strata on its flanks (Tabbutt, 1990). While a clear west to 

east advance of thrusting is clear in the Precordillera (Jordan et aI., 1990), the Pampean 

uplifts do not show a clear progression of defonnation, and some of the western Pampean 

uplifts have been quite active from .... 4 Ma to today (Allmendinger et al., 1990; Reynolds et 

aI., 1990b; Smalley et al., 1993; Tabbutt, 1990). The middle Miocene to Pliocene 

foreland basin strata on the east of the Andes in this segment (28 -33 ) make up most of 

the tc assemblage, although some Paleogene strata are included in some localities within tc 

assemblage. 

South of and at the southern limit of the flat-slab segment (-33 -35 S), the 

Neogene Farellones Fonnation volcanic sequence (nv assemblage) in the high Andes 

overlies the Paleogene Abanico Fonnation (ktv assemblage) with angular unconformity. 
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The Farellones Formation is an up to 3000 m thick volcanic section composed of lavas, 

ash flows, breccias, lahars, and some interbedded volcaniclastics and lacustrine deposits 

(Thiele C., 1980). The volcanic rocks are calc-alkaline and include mostly basaltic 

andesites, andesites and rhyolites (Thiele et al., 1991). The oldest KlAr dates on the 

Farellones are from 20 to 24 Ma, and youngest are -6 Ma (Drake et al., 1982; Sempere et 

al., 1994; Thiele et al., 1991; Vergara and Drake, 1979). Volcanic rocks along the eastern 

side of the Central Valley have yielded latest Oligocene-earliest Miocene dates and are 

likely lateral equivalents to the Farellones Formation in the Andes (Drake et al., 1982). 

The Farellones Formation is gently folded while the Abanico Formation is more tightly 

folded, indicating deformation of the early Oligocene and older Abanico before eruption of 

the Farellones volcanic rocks (Sempere et al., 1994; Thiele C., 1980; Thiele et al., 1991). 

Pliocene silicic subvolcanic rocks, ash-flows and lavas overlie the Farellones strata with 

disconfonnity, and Thiele, et al. (1991) consider these the uppermost member of the 

Farellones Formation. In the Andes at 33 S, Pliocene, approximately 5 Ma, volcanic units 

are reported to be unfolded while other units> 10 Ma have been folded and tilted (Drake et 

aI., 1982). 

A foreland basin sequence, beginning with deposits that in some areas contain late 

Oligocene-earliest Miocene Deseadan mammal fossils near their base, was deposited east 

of the fold and thrust belt on the Argentine side of the Andes at these latitudes (33 -36 S) 

(tc assemblage in part) (Sempere et al., 1994). These units include the Palomares 

Formation (-33 S) and the Agua de la Piedra Fonnation (-36 S), which typically consist 

of coarse continental clastic rocks (Sempere et al., 1994; Yrigoyen, 1979). These units 

reach thicknesses of 1300 m, display a depositional pattern that is consistent with a flexed 

foreland basin setting and they are also folded and faulted by continuing Miocene 

compressional deformation (Kozlowski, 1991; Yrigoyen, 1979). Other conglomeratic 

units, including the Santa Maria Formation, are currently preserved in "piggyback" basins 
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within the Cordillera Principal fold and thrust belt and these units may also be of late 

Oligocene age, although the few age constraints would allow lower or middle Miocene 

ages for these units (Sempere et aI., 1994; Yrigoyen, 1979). 

The Farellones Formation is apparently equivalent to the extensive Molle Group 

volcanic sequence (nv assemblage), at least in part, on the Argentina side of the Andes to 

the south (35 -39 S) (Yrigoyen, 1979). In Chile, also to the south (36 -39 S), Miocene 

volcanic sections of the Campanario and Curamallfn Formations are also equivalent to the 

FarelIones Formation. These units are folded, in some cases more strongly than the 

FarelIones, and they have yielded KlAr dates from 18 to 7 Ma (Drake et al., 1982; 

Sempere et al., 1994; Vergara and Drake, 1979). Other volcanic and volcaniclastic 

sequences unconformably overlie the upper Oligocene-lower Miocene Molle Group and 

foreland basin deposits in Argentina, including the Palaoco volcanic and intrusive rocks 

and the Butal6 Formation. These units are considered middle Miocene, equivalent to the 

well-dated Co1l6n Cum Formation in the southern Neuquen basin and northern Patagonia 

(see below) (Yrigoyen, 1979). Abundant Pliocene-Quaternary volcanic edifices and flows 

cover parts of the high Andes and areas on the east of the Andes from 33 -39 S (Drake et 

aI., 1982; Kozlowski, 1991; Munoz B. and Stem, 1988; Yrigoyen, 1979), and these units 

are all included as part of nv assemblage along with the Miocene volcanic arc products. 

Compressional folding and faulting affected units as young as Pliocene (Kozlowski, 1991; 

Y rigoyen, 1979), but Quaternary volcanics are described as associated with coeval normal 

faulting at these latitudes (35 -39 S) (Munoz B. and Stern, 1988). 

Overall, in the 33 to 39 S segment of the Andes, upper Oligocene-Miocene 

volcanic arc rocks overlie Paleogene volcanic and volcaniclastic assemblages with angular 

unconformity (Drake et al., 1982; Thiele C., 1980; Thiele et al., 1991). These units as 

well as abundant Pliocene-Quaternary arc volcanic units make up the nv assemblage at 

these latitudes. The field relations of the folded Miocene units indicates compressive 
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defonnation beginning before the eruption and deposition of the upper Oligocene-Miocene 

units, continuing through the Miocene and apparently into the Pliocene (Kozlowski, 1991; 

Mpodozis and Ramos, 1990; Sempere et aI., 1994; Yrigoyen, 1979). More data is 

necessary to determine if the Neogene defonnation would tectonically separate into distinct 

episodes or if it would appear to be a continuous progression of defonnation. The 

deformation is expressed most strongly in the Cordillera Frontal and Cordillera PrincipaI 

fold and thrust belts within and on the eastern slope of the Andes. Foreland basin strata 

(tc assemblage) were deposited on the eastern side of the Andes from 33 to 36 S but do 

not seem to be well-developed in the central Neuquen basin (37 -39 S) (Digregorio and 

Uliana, 1980; GonzaIez Diaz and Nullo, 1980; Sempere et aI., 1994). A few Neogene arc 

plutons are exposed in this segment of the Andes and are included in ti assemblage. 

Marine deposits, primarily Miocene, accumulated in the forearc region from 37 -44 S, and 

they are grouped as tm assemblage (see further discussion below). 

In northern Patagonia and the southern part of the Neuquen basin (-39 -43 S), 

middle Miocene and younger volcanic, volcaniclastic and sedimentary deposits cover areas 

east of the Andes (tc and tv assemblages). The oldest of these units is the silicic 

pyroclastic and clastic strata of the up to 1000 m thick Co1l6n Cura Fonnation, well

known for its Colloncuran land mammal fauna (GonzaIez Diaz and Nullo, 1980; Marshall 

et aI., 1977; Marshall and Sempere, 1993). MineraI separates from an ignimbrite at the 

base of the Co1l6n Curci Fonnation yielded KlAr dates from 14.0 to 15.4 Ma, thus 

indicating that the Colloncuran fauna is middle Miocene (Marshall et aI., 1977; Marshall 

and Sempere, 1993). In the Neuquen basin area, the Co1l6n Cura Formation is overlain 

by andesitic to basaltic flows, breccias and volcanic conglomerate of the Rancahue 

Formation (probably included in nv assemblage), which is not dated directly but is 

considered upper Miocene (GonzaIez Diaz and Nullo, 1980). The pre-Quaternary coarse 

clastic Rio Negro Fonnation is also not dated directly but is considered Pliocene, and it 



371 

typically overlies the Rancahue, where present, or Collon Coni Formations. The Collon 

Cura strata are folded, indicating late middle to late Miocene shortening in the Neuquen 

basin (Digregorio and Uliana, 1980; Gonzalez Diaz and Nullo, 1980). 

In the Nirihuau basin, uppermost Oligocene-lower Miocene, predominantly fluvial 

and lacustrine volcaniclastic strata (tIn assemblage on east flank of Andes at -41 -43 S) 

filled the basin, following on the extensive, primarily Oligocene El Maiten volcanic 

sequence (Gonzalez Diaz and Nullo, 1980; Mancini and Serna, 1988; Rapela and Kay, 

1988; Rapela et al., 1988). The 2000-3500 m thick Nirihuau Formation, which comprises 

much of the basin fIll, consists of a lower member of coarse volcaniclastic alluvial to 

shallow lacustrine deposits, a middle member of deep and shallow lacustrine sediments 

and a upper member of fluvial volcaniclastic deposits (Cazau, 1980; Mancini and Serna, 

1988). The basin was flooded by marine waters during one short interval. Normal faults 

controlled the depocenters of the lower and middle members, indicating that this basin was 

initially extensional (Mancini and Serna, 1988). The upper member yielded isotopic dates 

of 17.1, 16.7 and 16.4 from its base, and the middle member yielded dates of 22.0,21.6, 

19.7, thus indicating an early into middle Miocene age for these members. The lower 

member is not precisely dated, but fossil fIsh from it have been interpreted as Oligocene 

and thus it is considered lower Miocene perhaps ranging into uppermost Oligocene 

(Cazau, et al. 1989 and Pascual, et al. 1984 cited in (Marshall and Sempere, 1993). 

Volcanic activity of the El Maiten belt waned in latest Oligocene and early Miocene, during 

which time the basin was lacustrine, and volcanism increased again with the beginning of 

the Collon Coni pyroclastics at about 14-15 Ma in the middle Miocene. The Collon Cura 

pyroclastic and sedimentary rocks were deposited over the Nirihuau Formation and in 

adjacent areas in northern Patagonia. Some of the normal faults within the basin were 

inverted beginning in middle Miocene, as indicated by the isopach pattern of the Collon 

Cura and upper member of the Nirihuau Formation (Mancini and Serna, 1988). The 
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Nirihuau and Collon Cura strata were folded in the western part of the basin, and a local 

foredeep developed in middle to late Miocene just east of a regional thrust from -41 -43 S 

that is an inverted normal fault (Mancini and Serna, 1988). 

The respective Neogene continental sequences in northern and southern Patagonia 

indicate latitudinal differences in the tectonic development of the Patagonian Andes. The 

foreland basin deposits of the Santa Cruz Formation of southern into central Patagonia 

(nsc assemblage-discussed below) become thinner in central Patagonia and are represented 

by the RIo Frias Fonnation. In northern Patagonia (-39 -43 S), continental and volcanic 

strata of the Collon Cura Fonnation, which is 15 Ma at the base, are younger than the 

foreland basin deposits which are -17-18 Ma at the base in central and southern Patagonia, 

and their depositional pattern does not suggest regional foredeep development (a local 

foredeep was developed as discussed above) as in southern Patagonia. Neogene uplift 

and defonnation in northern Patagonia apparently initiated a few million years later than in 

central and southern Patagonia, and the regional thrusting/compression recorded in 

southern Patagonia was younger and without the same defonnational effects (fold and 

thrust belt) in northern Patagonia (see additional discussion of southern Patagonia 

assemblages below). 

In Chile (37 -43 S), primarily marine forearc deposits covered areas of the Pacific 

coastal region and central valley (tm assemblage), and these deposits range from Late 

Eocene through Neogene in age, with Neogene units predominating (Escobar T., 1980). 

In the subsurface of the central valley, these sections consist of lower Miocene continental 

and paralic deposits, overlain by middle and upper Miocene marine deposits (Elgueta and 

Towsend,1991). Neogene marine clastic rocks cover areas near the present Atlantic 

coastline of northern and central Patagonia, and they are included with the tp assemblage 

(Stipanicic and Methol, 1980; Zinsmeister et al., 1981). In southern Patagonia, the tp 

assemblage consists of Oligocene into lower Miocene marine strata, and does not include 
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younger Neogene units as in central and northern Patagonia (Marshall et al., 1986; 

Marshall and Salinas, 1990b). Foreland basin coarse clastic deposits (nsc assemblage) 

spread across much of central and southern Patagonia during the deformation and uplift of 

the Patagonian Andes in the middle and late Miocene, overlying marine beds of the tp 

assemblage (Marshall and Salinas, 1990a; Marshall and Sempere, 1993; Ramos, 1989; 

Riccardi and Rolleri, 1980). The foreland basin in Tierra del Fuego remained 

predominantly marine or marginal marine in the Neogene (nrn assemblage). Abundant 

plateau basalts were erupted in extra-Andean Patagonia during the Neogene and 

Quaternary (pb assemblage in part), and these basalts extend from 35 to 52 S (Kay et al., 

1990; Munoz B. and Stem, 1988; Munoz and Stern, 1985; Ramos and Kay, 1992). 

Neogene and Quaternary arc volcanic rocks are preserved in some parts of the Patagonia 

Andes (nv assemblage), and some intrusions within the composite Patagonian batholith (ki 

assemblage) have yielded Neogene radiometric dates in both northern and southern 

Patagonia (Halpern, 1973; Nelson et al., 1988; Ramos et al., 1982; Rapela and Kay, 

1988; Rapela et al., 1987; Rapela et al., 1988). 

In the eastern parts of central Patagonia, marine deposits of the Superpatagonia 

Formation concordantly overlie the marine Patagonia Formation, and the contact is 

considered an erosional discontinuity in certain areas (Legarreta et al., 1990). The 

Superpatagoniano Formation consists of nearshore marine sandstone and fmer-grained 

rocks and it is typically near 100 m thick, although it is up to -300 m thick near the present 

coastline. It interfingers with the lower part of the continental Santa Cruz Formation, and 

the Santa Cruz (nsc assemblage) progressively overlaps it to the east. Faunal assemblages 

from the Superpatagoniano indicate a early Miocene age, with the thicker marine section 

near the coast probably encompassing early and middle Miocene (Legarreta et al., 1990). 

This unit was likely grouped with the primarily Oligocene marine Patagoniano Formation 

on the base maps and thus is mapped with tp assemblage here. Other marine deposits of 



374 

the same age, and usually considered early Miocene Patagoniano Fonnation were 

deposited in northern and southern Patagonia and are also included in tp assemblage. The 

Santa Cruz Fonnation and equivalent strata, including the Rio Frias and Galera 

Fonnations, are a widespread continental foreland molasse found throughout central and 

southern Patagonia (from -44 to 54 S) (Legarreta et al., 1990; Lesta et al., 1980; Marshall 

and Salinas, 1990a; Riccardi and Rolleri, 1980; Vergani and Stach, 1984). These 

fonnations typically consist of silicic tuffs, sandstone, conglomerate, and fine-grained 

clastic rocks deposited in a fluvial environment They thicken substantially nearer the 

cordillera in the Austral basin of southern Patagonia, from -100m in distal regions to a 

1500 to 700 m range closer to the cordillera, recording foreland subsidence adjacent to the 

uplifting cordillera in the Miocene (Legarreta et al., 1990; Ramos, 1989). The Santa Cruz 

Fonnation and equivalent units are well-known for their fossil mammals, and their typical 

fauna defines the Santacrucian, as well as Friasian, Land Mammal age. Radiometric 

dating on tuffs within the Santa Cruz Fonnation along with re-evaluation of older 

radiometric dates suggests that the Santa Cruz and equivalent continental rocks are -18 to 

19 Ma at the oldest, and they inlcude strata up to - 15 Ma (Marshall et al., 1986; Marshall 

and Salinas, 1990b; Marshall and Sempere, 1993). A thorough up-to-date summary and 

re-evalution of the Friasian fauna from the Rio Frias Fonnation near the Chile-Argentina 

border (at -44 35'S) showed that the type Friasian fauna is equivalent to the classic 

Santacrucian fauna (Marshall and Salinas, 1990a). New radiometric dating on tuffs, and a 

re-evaluation of previous dating suggests that the Rio Frias is no older than -18 Ma and 

the lower mammal-bearing unit ranges from late early Miocene into early middle Miocene, 

at least in the Alto Rio Cisnes area (Marshall and Salinas, 1990a). The Rio Frias 

Fonnation, in outcrop near the mountain front, overlies Cretaceous rocks with angular 

unconformity, while the equivalent Santa Cruz Fonnation, found around the Deseado 

massif, typically abruptly but confonnably overlies the marine, Oligocene-lower Miocene, 
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Centinela Formation in southern Patagonia or Patagoniano Fonnation in central Patagonia 

(Malumhin and Ramos, 1984; Marshall and Salinas, 1990a; Ramos, 1989; Riccardi and 

RoUeri, 1980). The coarsening-upward sandstone and conglomerate of the Miocene Santa 

Cruz Formation disconfonnably overlies the Oligocene-early Miocene? Rio Guillermo 

Formation on the east flank of the Andes in southernmost Patagonia (-52 -53 S) (Riccardi 

and RoIleri, 1980). The foreland molasse coarsens upwards, and in some areas overlying 

conglomerates are mapped as distinct formations (e.g. Pedregosa Formation--all included 

in nsc asemblage here). These coarser units are up to 400 m thick and they thin to the 

east. They are not typically fossilerous, but dated, unconformably overlying basalts 

suggest that the conglomerates are older than -8.6 Ma, apparently latest middle and earliest 

late Miocene (12? to 9 Ma) (Marshall and Salinas, 1990a; Ramos, 1989). 

The deformation in southern Patagonia is coeval with the deposition of the nsc 

assemblage, made up of the Santa Cruz Formation and younger clastic strata, and it 

continued up to the beginnning of late Miocene. In the 46 -49 S segment of the Andes, 

flat-lying, -8.6 Ma basalts, as mentioned above, overlie the younger conglomerates of the 

nsc assemblage with angular unconformity (Ramos, 1989). The Santa Cruz Formation is 

tilted eastward in the triangle zone at the defonnation front in south-central Patagonia (47 -

49S) (Ramos, 1989). In southernmost Patagonia, post-middle Miocene strata are 

deformed and overlain by undeformed Pliocene tuffs, although slightly tilted Pliocene 

beds have been noted in the area (Winslow, 1982). Granitic intrusives on the east side of 

the southern Patagonian batholith have yielded a few radiometric dates in the 10 to 20 Ma 

range, corresponding in general to the uplift and defonnation recorded by the Santa Cruz 

and younger clastic sections (Halpern, 1973; Nelson et al., 1988; Rfuilos et al., 1982). 

In Tierra del Fuego, a marine incursion in the Miocene deposited sandstone and 

fmer-grained clastics that shoal upward to marginal marine and deltaic clastics (Carninos, 

1980; Escobar T., 1980). These rocks, the Magallanes Formation (nm assemblage), are 



376 

the fmal fill of the foreland basin in most of Tierra del Fuego. As discussed in the 

Paleogene section, uppennost Oligocene-lowennost Miocene marine rocks also extend 

into southern Patagonia in the subsurface of the Austral basin, where they are overlain by 

continental rocks of the Santa Cruz Fonnation (Biddle et al., 1986), but in Tierra del 

Fuego the section is primarily marine throughout the Miocene. The compressive 

deformation that created the Magallanes fold and thrust belt in Tierra del Fuego continued 

at least into the lower-middle Miocene, as lower Miocene rocks are folded in the proximal 

foreland area (Alvarez-Marron et al., 1993; Biddle et al., 1986). Apparently, the youngest 

Miocene parts of this foreland basin fill assemblage are flat-lying (Carninos, 1980; 

Escobar T., 1980). In outcrop in southeastern Tierra del Fuego, middle Eocene 

conglomerates are the youngest defonned rocks and in the immediate area, undefonned 

Miocene siltstones overlie defonned Cretaceous rocks (Winslow, 1982). Subsidence 

curves from wells in the foreland region, but not immediately adjacent to the fold and 

thrust belt, display continued tectonic subsidence generally through the Miocene (Biddle et 

aI., 1986) 

Miocene to Quaternary plateau basalts, similar to those erupted in the latest 

Cretaceous and Paleogene, are widespread over much of the extra-Andean Patagonia. 

These basalts extend from the northern side of the Neuquen basin to southernmost 

Patagonia (-36 to 52 S). In general, the chemistry of the plateau basalts and xenoliths 

within indicate a primarily mantle lithosphere origin for the plateau basalts (Munoz B. and 

Stern, 1988; Munoz Torres, 1991; Stern et at, 1986; Stem et al., 1989). The chemistry 

of the basalts actually varies over a substantial range, but most of them are alkaline to 

subalkaline basalts. From 36 to 39 S, the Pliocene-Quaternary basalts of this assemblage 

are considered intra-arc basalts due to their transitional character from the arc lavas as well 

as the presence of arc-like volcanic centers (Munoz B. and Stem, 1988). South of 39 S 

the plateau basalts have a back-arc chemical character, distinct from arc volcanics to the 
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west (Kay et al., 1990; Munoz B. and Stem, 1988; Munoz and Stem, 1985). Mapped 

together, the Miocene-Quaternary plateau basalts are present throughout Patagonia, 

however, in finer detail certain age suites are restricted to specific latitudes (Kay et al., 

1990). Upper Oligocene-lower Miocene basalts comprise most of the pb assemblage in 

northern Patagonia (40 -46 S) (Kayet al., 1990; Linares et al., 1988; Rapela and Kay, 

1988). Basalts of Late Miocene into early Pliocene age are restricted to south-central 

Patagonia between 46 30' and 49 S, and this suite appears to be spatially and temporally 

related to the subduction-collision of distinct segments of the Chile ridge (Kay et al., 1990; 

Ramos and Kay, 1992). Late Pliocene to Quaternary basalts were erupted across the 

entire latitude range of the pb assemblage (36 -52 S). Another suite of Miocene? basalts 

are mapped in the northern segment of this assemblage (37 -38 S), but exactly what age 

range they represent is not clearly documented (Servicio Geol6gico Nacional, 1982; Stem 

et al., 1986). Overall, this assemblage is distinct to the Patagonia region, and it appears to 

indicate unique features of the subduction process in specific cases, as suggested for the 

late Miocene-Pliocene suite in south central Patagonia, but it may also indicate distinctive 

characteristics of the regional subduction process or the pre-existing crust and mantle 

lithosphere in Patagonia as suggested by its greater temporal and spatial extent in the 

region. 
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CHAPTER 4 TECTONIC EVOLUTION OF THE ANDES 

Figures 27 through 36 show the generalized paleogeography of the Andes for 

different time slices, and Figures 37 through 39 illustrate the paleotectonics of the Andes 

for a few of the widespread orogenies. The discussion of this section follows these 

figures. 

Amalgamation of Gondwana--Creation of the Andean margin 

Gondwana was created by the suturing together of older cratonic blocks in the 

Pan-African orogenies (-900-550 Ma) (Figure 2). The last episodes of this accretion

cratonization in South America were the Brasiliano events that cut through the South 

American continent in places. Deformation associated with these events occurred along 

the southern fringe of the Amazon shield in Bolivia with a northwest trend, the west to 

northwest-verging Brasilides belt separating the Amazon and Alto Paraguay cratons in 

eastern Brazil, and on the east of the Pampean terrane of Ramos (1988a; Bernasconi, 

1987; Hoffman, 1991; 1988a, see also Litherland, 1985, for locations of Brasiliano belts). 

The Puncoviscana (SApv) assemblage, found in the Andean realm and depositionally on 

the Pampean terrane, is older than the last Brasiliano event and was deformed and 

metamorphosed in the last Brasiliano event in the Early to Middle Cambrian (Figures 27, 

37). Ramos (1988a) suggested a collision of the Arequipa terrane, which is part of his 

Antofalla craton, with Gondwana to account for the deformation of the Puncoviscana 

assemblage. Radiometric dating has, however, not defined such an event in the Arequipa 

terrane, and there are no sure geological ties with the Arequipa terrane associated with or 

immediately younger than the proposed collision. The thick Puncoviscana assemblage 

requires a large continental, recycled orogen source to the east (Jezek and Miller, 1987; 

Jezek et al., 1985), and the Early to Middle Cambrian defoffilation displays east vergence 

on the east, and upright folds to the west (Willner et al., 1987). Deformation of the 
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Puncoviscana assemblage may be a result of collision between the Pampean terrane and 

other Gondwana blocks on the east, andlor collision with the Arequipa terrane. If the 

Pampean terrane collided at this time, it had to be near and west of a continent in order to 

have provided a source for the Puncoviscana assemblage before the collision. 

Alternatively, the Puncoviscana assemblage may be a continental margin assemblage on 

the edge of South America, and the deformation would have resulted from subduction on 

the west side that may have created the Early to Middle Cambrian granitoids. 

The eastern miogeocline of the Precordillera terrane records undisturbed thermal 

subsidence from Early Cambrian into Early Ordovician (Bond et al., 1984), and shows no 

hint of the Middle Cambrian magmatism or deformation known in the Pampean region and 

northern Argentina. No other sedimentary to low grade metamorphic assemblages that 

indicate subsidence like that recorded by the Puncoviscana assemblage in northern 

Argentina and the Pampean region are preserved and exposed in other parts of the Andes. 

Tectonic activity in the northern Andes is known in the Merida terrane by 

uppermost Precambrian intrusions. A few other latest Precambrian dates from parts of the 

Eastern Cordillera terrane also suggest latest Precambrian tectono-thermal activity. There 

is no well-constrained Middle Cambrian event in the northern Andes. 

Early Paleozoic tectonic evolution 

The Middle Cambrian tectonic event in central to northern Argentina was followed 

by extension and resulting subsidence, and thick widespread sediment accumulation in 

northern Argentina and north to at least central Peru. The uppermost Cambrian Mes6n and 

Ordovician flysch assemblage record this subsidence in northern Argentina and on to the 

north into central Peru. This assemblage has a clear Andean trend (Figure 28). The Puna 

basin (Puna terrane in part) may have resulted from intracratonic rifting, but in Argentina 

and southern Bolivia mafic flows and ultramafic intrusions are within the pelitic 
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Ordovician section (Ahlfeld and Branisa, 1960; Alhnendinger et aI., 1983; Coira et aI., 

1982), indicating that the extension may have progressed to, or nearly to, fonning basic 

crust. Interbedded volcanic rocks are common in the Lower Ordovician sections in 

northern Chile on Arequipa terrane, including tholeiitic volcanic rocks in the Cord6n de 

Lila, and intermediate to silicic volcanic rocks in two localities (Bablburg et aI., 1987; 

Bahlburg et aI., 1988; Breitkreuz et al., 1989). These scattered volcanic outcrops, 

assuming they are related, may have been, in part, the result of crustal extension according 

to Bahlburg (1988), although the upper intermediate to silicic volcanic rocks probably 

indicate some arc volcanism in the Arequipa terrane. The arc-type volcanic rocks suggest 

that the Lower Ordovician Puna basin may have been a back-arc basin (Bahlburg, 1991; 

Bahlburg et al., 1988). Middle to Late Ordovician deformation and magmatism apparently 

tie Arequipa, Puna, and South America (Figure 38), although there is no clear sedimentary 

overlap immediately following on the older assemblages. 

In the northern Andes, some subsidence on the continental margin was recorded in 

various parts of Colombia and Venezuela by Cambrian and Lower Ordovician 

assemblages, including Guejar Formation on the South American craton, and the 

Cristalinas Formation and perhaps Silgani Formation on the Eastern Cordillera terrane. 

Equivalent assemblages to the central Andes "mud pile" or northern Andes shelf 

assemblages are not known in northern Peru and Ecuador, but may exist either 

unexposed, or as part of the metamorphosed Excelsior assemblage. Also, note that the 

Amazonas rift contains thick Ordovician sediments, recording stretching and subsidence 

within the continent at that time. 

Middle to Late Ordovician orogeny (Ocl6yic) 

By Middle or Late Ordovician, the tectonic regime in much of the central and 

southern Andes changed to distinct active margin tectonics (Figure 38). Magmatism and 

metamorphism affected the coastal Peru portion of the Arequipa terrane as shown by the 
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440 Ma Atico event (Shackleton et al., 1979), and Middle to Upper Ordovician plutons are 

known from basement rocks of in northern Chile, also of Arequipa terrane (Coira et al., 

1982). Balhburg (1991) suggested a transition to a westward-sourced foreland basin 

origin for eastern Puna sediments, based on the influx of volcanic detritus that is similar in 

type to the volcanic rocks in the Aguada de la Perdiz Formation. The Puna basin section 

was folded and intruded by Upper Ordovician "Faja Eruptiva" plutons along the eastern 

edge of the Puna, and this orogeny is called the Ocloyic phase by Argentine geologists. 

The Late Ordovician magmatism of the "Faja Eruptiva" on the eastern edge of the Puna has 

been related to subduction (Coira et al., 1982), but the initial Sr ratios are high (0.710+) 

and these intrusives may be more a result of Ordovician compression and crustal 

thickening. Middle to Upper Ordovician calc-alkaline intrusives and scarce volcanic rocks 

extend south though the Pampean region and southward. The Precordillera section only 

shows minor intraformational disconformities within the Ordovician part, and it is not 

apparent how the generally continuous sedimentation, without any notable volcanic input, 

can fit in with the coeval magmatism and metamorphism in the region. Ordovician 

magmatism and metamorphism has now also been documented in basement rocks in the 

Northern Patagonia massif (Linares et al., 1988). All this tectonic activity has been 

associated with a collision of all the border area, including the Arequipa and Chilenia 

terranes and more, with South America (Dalla Salda et al., 1992), but the colliding block 

and probable suture are poorly or not defined. 

Ordovician active margin tectonics are not known in northern Peru or Ecuador, 

although Ordovician rocks are not exposed or are poorly known in this region. In the 

northern Andes, there are suggestions of Middle to Late Ordovician active margin 

tectonics. The regional unconformity between Ordovician and Devonian may reflect this 

activity, and there are several Late Ordovician radiometric dates from metamorphic and 

igneous rocks that may have resulted from this tectonic activity (Boinet et al., 1985; 
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Goldsmith et al., 1971; Irving, 1975). Many Lower to Upper Ordovician plutons are 

present in Merida terrane, and these are overlain by Caradocian marine sediments, so the 

tectonic history here was somewhat different than surrounding areas. 

Middle Paleozoic tectonic evolution 

Much of the Andean margin was apparently high and eroding following the 

compressional episode in Middle to Late Ordovician as Silurian rocks are rare near the 

margin (Figure 29). Basins slightly east of the margin in the central Andes, in the present 

Eastern Altiplano to Sub-Andean region received glacial, glacial-fluvial and glacial-marine 

sediments during the latest Ordovician? and Silurian. Devonian marine clastic deposits 

follow concordantly on the Silurian section in the central Andes, where present, from Peru 

into Argentina. The Devonian section in the central Andes is quite thick and it is 

predominantly shallow marine. In spite of grain size and thickness arguments for a 

western source (Isaacson, 1975), its source was likely primarily from the east, at least in 

Bolivia, based on paleocurrent measurements (Sempere, personal communication, 1992). 

Devonian to Lower Carboniferous turbidite flysch is present in coastal areas of northern 

and southern Chile, parts of which are strongly deformed and incorporated into the 

subduction complex of the Carboniferous are, especially in central to southern Chile. 

Thinner sections of Silurian-Devonian platform sequences were deposited in other extra

Andean areas in the central and southern Andes, including the Falkland Islands, Northern 

Patagonia massif, Sierras Australes and shield area of Bolivia. The Precordillera terrane 

continued receiving sediments with only minor intraformational unconformities through 

the Silurian and Devonian, with thick deltaic to marine shales brought from the north in the 

Devonian. Magmatism continued in the Pampean region in the Devonian where some 

large post-tectonic granites were emplaced (Rapela et al., 1982). A linear belt of Early 

Devonian calc-alkaline granites is known from Arequipa terrane, and they are interpreted 



to be the roots of an arc (Mukasa and Henry, 1990). The extent of these granites is 

restricted to the Arequipa terrane. 

Late Silurian-Early Devonian orogeny in the northern Andes 
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In the northern Andes, an unconformity in Eastern Cordillera stratigraphy appears 

to record weak metamorphism in latest Silurian-earliest Devonian (Forero Suarez, 1990; 

Grosser and Prossl, 1991). This metamorphic event is not noted in the Silurian 

sedimentary rocks of the Merida terrane, but there are several dated Lower Devonian 

plutons (Burkley, 1976; Gonzalez de Juana et al., 1980). The Perija range, part of the 

Eastern Cordillera terrane, may also contain Lower Devonian plutons, but the dating here 

is questionable. The tectonic setting of these plutons and metamorphism in the Eastern 

Cordillera is not clear, but perhaps there was some interaction or collision of northern 

South America (Gondwana) and Laurentia as suggested by reconstructions of Vander 

Voo (1988). Following this event, a general marine transgression-regression over most 

parts of the northern Andes was recorded by Lower to Upper Devonian shelf sediments 

that overlie all older metamorphic rocks with angular unconfonnity (Figure 29). 

Late Devonian-Early Carboniferous orogeny (Famatinian) 

Much of the Andes experienced deformation in Late Devonian or Early 

Carboniferous, as Carboniferous rocks often overlie Devonian rocks with angular 

unconformity (Figure 39). In central to southern Peru, this orogeny was the strongest, 

expressed by a southwest-verging fold and thrust belt, low grade regional metamorphism 

of Devonian and older rocks, and a few intrusions (Laubacher and Megard, 1985; 

Megard, 1978; Megard, 1987b). The deformation and low grade metamorphism extended 

into southern Ecuador, where strongly folded Devonian argillite is overlain with angular 

unconformity by Pennsylvanian shales and limestone. In Colombia, the Devonian section 

is not metamorphosed, but it is overlain unconformably by mixed continental and shallow 

marine upper Mississippian-Pennsylvanian sediments. A few Mississippian plutons are 
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also known in parts of the northern Andes including in the Merida Andes, Perija range and 

EI Baul hills. These sedimentary sections and plutons are older than the uppennost 

Pennsylvanian Sabaneta molasse that appears to record the Laurentia-Gondwana collision. 

The metamorphism of the Devonian section in the central Andes faded away into 

northern Bolivia, and only a slight angular unconformity to disconfonnity is present 

between the Middle Devonian and Carboniferous sections (Isaacson, 1975; Laubacher and 

Megard, 1985; Martinez, 1980). The Devonian sequence in Bolivia is somewhat inland 

from the present margin and was even farther from the margin in the Paleozoic, and this 

position accounts in part for the weak unconformity above it. In northern Chile, the 

Devonian to Lower Carboniferous flysch sections were folded, deformed and 

metamorphosed in part, especially near the coast, and this region was intruded by Upper 

Pennsylvanian-Lower Permian plutons that are undefonned. An Upper Carboniferous 

fossil has been found in the flysch section, although it was found in a limestone that may 

be tectonically included and thus it may date the deformation of the flysch in the 

subduction complex of the Carboniferous arc in Chile (Bahlburg and Breitkreuz, 1991; 

Bell, 1987). In the Precordillera terrane, there is also an angular unconformity between 

the Devonian and Carboniferous, and small Carboniferous stocks are present (Furque and 

Cuerda, 1979; Ramos et aI., 1986). Unmetamorphosed Carboniferous rocks overlie older 

Paleozoic metamorphic rocks and granitoids in the Pampean area. In the San Rafael 

block, south of the Precordillera terrane, the Devonian section was intruded by diorite and 

granodiorite stocks, and is overlain with strong angular unconfonnity by Carboniferous 

rocks (Criado Roque and Ibanez, 1979). In extra-Andean areas in southern South 

America, including the Ventana ranges and Falkland Islands, Lower Devonian marine 

quartzites are overlain by poorly dated Carboniferous, but probably Upper Mississippian 

at the oldest, glacial deposits with disconformity to slight angular unconformity 

(Buggisch, 1987; Du Toit, 1927; Frakes and Crowell, 1967; Harrington, 1980; Turner, 
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1980). The Late Devonian-Early Carboniferous orogeny in central Argentina is called the 

Famatinian phase by the geologists in the region. 

This extensive Late Devonian-Early Carboniferous defonnation in the southern 

Andes may in part reflect the accretion of the Precordillera and Chilenia terranes, as the 

first sure ties are the Carboniferous assemblages (Figures 19,26). The initiation of the 

Carboniferous arc in the central to southern Andes from northern Chile southward also 

contributed to the creation of this stratigraphic break. 

Late Paleozoic tectonic evolution 

Carboniferous arc in the southern Andes 

The oldest parts of the arc batholith are approximately 340 Ma old, in Middle 

Mississippian, as indicated by dating of the coastal batholith in south-central Chile (Herve 

et al., 1984) and the Elqui superunit in the Cordillera north of Santiago (Figure 30) 

(Mpodozis M. and Cornejo P., 1988). The arc is not known north of northern Chile, 

although a few tuffs whose significance not clearly established are known in the 

Mississippian Ambo Group in Peru. This arc turned eastward in southern Chile, and 

swept across northern Patagonia. The trend beyond here is lost due to younger cover, 

although some have inferred its continuation southward in eastern Patagonia based on one 

or two dates from boreholes (Forsythe, 1982; Halpern, 1973). An extensive subduction 

complex, the Chiloe terrane and Magallanes subterrane, formed and is preserved west of 

the Carboniferous batholith from central Chile southward. In Patagonia it is a broad 

region of deformed and metamorphosed flysch that includes areas of oceanic rocks such as 

basalts and cherts, with known blueschist localities (Davidson et al., 1987; Herve, 1988; 

Kato, 1985; Niemeyer R. et al., 1984; Pankhurst et al., 1992). Metamorphism in the 

subduction complex is Carboniferous, and in the southern parts continues into Permian at 
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least, with generally youngerradiometic dates towards the south (Davidson et al., 1987; 

Herve, 1988; Pankhurst et al., 1992). 

Permian-Early Triassic extension in the southern and central Andes 

The strong convergence, as reflected by the abundant Carboniferous plutons, the 

regional Early Carboniferous unconformity, and the ongoing accretion, deformation and 

metamorphism of the subduction complex appears to change in the Permian and Early 

Triassic to slower, less strongly coupled subduction, or even perhaps cessation (Figure 

31). Abundant rhyolitic volcanic rocks and granites that have a distinct chemistry from the 

Carboniferous suite were erupted and intruded over a broader area than the Carboniferous 

arc, and they indicate extension-relaxation of previously thickened crust (Mpodozis and 

Kay, 1990; Mpodozis and Kay, 1992; Mpodozis M. and Cornejo P., 1988). This 

extensional episode, or at least less compressive relative to the Carboniferous episode, 

also affected Peru in the Late Permian, and is recorded by the Mitu assemblage redbeds 

and alkalic volcanic rocks associated with nonnal fault-bounded basins (Kontak et al., 

1990; Kontak et aI., 1985; Megard, 1987b; Newell et al., 1953). In Patagonia, the 

shortening associated with subduction continued through the Permian, as shown by 

radiometric dates on the subduction complex from Chiloe island southward (Herve, 1988; 

Pankhurst et al., 1992). The Paleozoic section in the Ventana ranges, including Permian 

rocks, although the uppermost part is not well-dated, was folded with northeast vergence 

in the Late Permian to Triassic? (Du Toit, 1927; Harrington, 1980). This deformation also 

created the Cape fold belt in South Africa. It appears that the principal compression 

direction in southern South America changes from more east-west in the Carboniferous to 

more northeast-southwest in the Permian to account for the strong northeast-verging 

folding in the Ventana ranges at the same time that there are indications of extension

relaxation of the crust in central Chile and north, perhaps due to a change in relative 

motion along the western side of the southern Andes. The time of this change 
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corresponds in general to the Pangea-creating collision, which must have certainly affected 

the absolute motion of Gondwana, and apparently also may have had an effect on the 

relative motion or stress direction. 

Creation of Pangea 

The northwestern comer of South America was involved in the Pangea-creating 

collision, although it was not the direct margin involved in the collision according to most 

reconstructions (pindell and Barrett, 1990; Ross and Scotese, 1988), as the Yucatan block 

and other fragments were directly adjacent to the suture on the southern side (Figure 42). 

Northwestern South America was upper plate and distal to the collision, thus thick 

extensive foreland basin deposits are not present. In the northern Andes, there is a general 

cover of Pennsylvanian mixed marine and continental rocks in most of the Eastern 

Cordillera, overlain unconformably by conglomerate sections locally, or by other Permian 

rocks (BUrgI, 1973; Irving, 1975). The Mucucachi subterrane ofthe Merida terrane is 

here interpreted as a flysch, deposited between Merida terrane and whatever was to the 

north, perhaps Yucatan, that was thrust southeast and was metamorphosed more to the 

northwest. This metamorphism and deformation is not experienced by the older rocks of 

the Perija range, suggesting that the Merida terrane was the northwestemmost part of 

South America at that time. In the Perija range and in Merida terrane, uppermost 

Carboniferous? or Lower Permian rocks with a basal conglomerate overlie Carboniferous 

or older rocks with disconformity to angular unconformity (Gonzalez de Juana et al., 

1980). Carboniferous granites in various parts of Merida terrane and the Perija range 

indicate distant effects of the collision (Case et al., 1990; Shagam et al., 1984). The Santa 

Marta range on the outer fringe of the Eastern Cordillera terrane and the Zamora terrane 

may have experienced metamorphism due to the collision, but the radiometric dating here 
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389 

does not clearly identify this event in these areas (Alvarez A., 1983; Alvarez, 1971; Irving, 

1975; Tschanz et al., 1974). 

Early Mesozoic tectonic evolution 

Rifting between Gondwana and Laurentia 

Rifting commenced in the central Atlantic in latest Triassic-earliest Jurassic, and 

Laurentia moved away from Gondwana, steadily to the northwest relative to Gondwana, 

through the Jurassic and up into Late Cretaceous to about -85 Ma ago (Figure 43) (Pindell 

et al., 1988). The rifting between Laurentia and northwestern South America (Gondwana) 

was a complex system, with spatially and temporally varying rifts between different 

crustal blocks. The Triassic, Jurassic and Cretaceous assemblages of the northwestern 

Andes record the rift and drift phases, and they illustrate some of the complexity of the 

rifting process. 

The Paleozoic sections in the northern Andes were followed in the Triassic by the 

first rift-related magmatic and sedimentary assemblages, which became widespread in all 

the northern Andes, on the Guajira Peninsula, Merida range, Eastern Cordillera, Santa 

Marta range, cratonic areas and possibly Zamora terrane during the Jurassic as the La 

Quinta and Giron Groups Gs assemblage). Abundant Triassic and Jurassic granitic 

plutons Gi assemblage), often alkaline, were intruded in the northern Eastern Cordillera 

terrane. Aspden and Litherland (1992) identified a distinct group of defonned, Triassic

Lower Jurassic S-type plutons in the southern Zamora terrane in Ecuador that also seem to 

have been rift related. The extensive Santiago-Pucara platfonn limestone developed on the 

cratonic side of this extensional episode in southern Ecuador to central Peru, and it may 

grade into a volcanic facies to the west in southern Ecuador (Aspden and Litherland, 1992; 

Campbell, 1970; Kennerley, 1980). The Zafia assemblage, composed mostly of 

interbedded limestone and volcanic flows and tuffs, on Zamora terrane in northern Peru 
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may be an extension of this western facies. Along the margin from northernmost Peru, 

through Ecuador and into Colombia, there is a linear belt of calc-alkaline plutons of 

Jurassic age (190-150 Ma) intruded into Zamora and Eastern Cordillera terranes, and into 

South American craton. These I-type plutons are only occasionally associated with 

volcanic rocks such as the Chapiza Formation in Ecuador (Aspden and Litherland, 1992), 

and are apparently the result of subduction along this part of the margin in the Jurassic. 

However, all or part of this portion of the margin was within Pangea in earliest Mesozoic 

in some reconstructions (see Pindell and Barrett, 1990; or Ross and Scotese, 1988 for 

examples). If the reconstructions and interpretations of the magmatism are correct, they 

imply that there was initial rifting in the Triassic-earliest Jurassic, apparently followed 

quickly by subduction in late Early Jurassic through Middle Jurassic along this part of the 

margin. The subduction and its arc were short-lived however, as the margin was 

overlapped by the clean, craton-sourced, platform section that begins with the Aptian

Albian Hollin sandstone and equivalent strata in Ecuador, northern Peru and southern 

Colombia. All the Jurassic and older section was folded and overlain with angular 

unconformity by the Lower Cretaceous sequence in Ecuador (Aspden and Litherland, 

1992) and northern Peru (Benavides-Caceres, 1956; Cobbing et aI., 1981; Fischer, 1956; 

Kummel, 1948; Kummel, 1950; Megard, 1978). In the Central and Eastern Cordilleran 

regions of southern Colombia, the Lower Cretaceous section overlies the predominantly 

Middle Jurassic arc plutons as in Ecuador, but the oldest deposits of the Eastern Cordillera 

basin are uppermost Jurassic. The Eastern Cordillera basin section yields a perfect thermal 

subsidence curve (Fabre, 1983a), and clearly this sequence was deposited following 

rifting within the continent that faded away to the southwest as indicated by the 

progressively younger overlap to the south. The platfonn to basin Cretaceous section (ks 

assemblage) is also present to the east along the northern margin of the continent 

(Macellari, 1988), and it overlaps the Jurassic redbeds and volcanic rocks of northern 
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Colombia and Venezuela with disconfonnity or local angular unconfonnity (Gonzalez de 

Juana et al., 1980; Maze, 1984). 

Early Mesozoic 'neutral' arc in the central and southern Andes 

In the central and southern Andes, the Triassic-Jurassic plate tectonic settings were 

distinct from the northern Andes (Figures 32, 33). A subduction zone was clearly 

established in Late Triassic along the margin from southern Peru at least to south-central 

Chile. This subduction may have continued uninterrupted from the Carboniferous, if 

substantial changes in its character, such as rate and direction, could have allowed the 

development of the distinctive extension-related Pennian-Lower Triassic volcanic and 

plutonic assemblages (ch, cpi, pi). In Patagonia, the Early Jurassic arc (jt, ji assemblages) 

appears to have crossed northern Patagonia to the SSE (Rapela and Kay, 1988), not along 

the present margin but closer to the trend of the Late Jurassic to recent arc than the 

Carboniferous-Pennian? arc. These arc granodiorites and granites in Patagonia extend in a 

continuous belt across northern Patagonia, and Rapela and Kay (1988) infer the 

southeastern extension of the trend across the Deseado massif based on a few minor 

exposures of plutonic rocks with 196-191 Ma RblSr whole rock dates (Stipanicic, et al., 

1971, cited in Rapela and Kay, 1988). The continental margin arc in all the central and 

southern Andes continued to exist, with different degrees of development as suggested by 

the time-varying abundance of volcanic and intrusive rocks, up to today. From the 

Triassic into the Early Cretaceous the arc was near sea level, with common intra-arc and 

back-arc marine deposits (Figures 32, 33, 34). The axis of the arc was near the present 

coastline, at least from central Chile into southern Peru throughout this time. The oldest 

arc assemblages in Patagonia along the present trend of the arc are Late Jurassic. The 

Upper Pennsylvanian and Lower Pennian cherts, basalts and limestones of the Darwinia 

terrane were accreted into the subduction complex of southern Patagonia in the Triassic or 

Jurassic before they were intruded by the Upper Jurassic or Cretaceous Patagonian 
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batholith (Forsythe and Mpodozis, 1983). Upper Jurassic silicic volcanic rocks (tb 

assemblage) cover large areas east of the arc in all of Patagonia, and are interpreted as the 

result of widespread crustal extension in Patagonia (Bruhn et al., 1978), coeval with 

rifting between East and West Gondwana (between Mrica-South America and Antarctica). 

Mesozoic marine back-arc basins in the central and southern Andes reached their 

maximum development in latest Jurassic and Early Cretaceous, progressing up to creation 

of mafic crust in the southernmost Andes (Bruhn and Dalziel, 1977; Bruhn et al., 1982). 

The continued subsidence of this convergent margin throughout this time, as shown by the 

marine intra-arc and back-arc basin deposits, indicates that the continental margin was in 

an extensional mode, similar to many of the present-day western Pacific arcs and back

arcs. This neutral arc configuration persisted while South America was still part of 

Gondwana or West Gondwana. To the north of southern Peru, a Jurassic to Lower 

Cretaceous arc, or at least the plate boundary, may have trended offshore as equivalent 

continental margin arc assemblages are not present in central Peru or to the north. How 

this offshore extension of the arc, or perhaps dominantly strike-slip plate boundary 

(Figure 44), linked up tectonically with the Triassic-Early Jurassic continental margin 

extension and apparently short-lived mostly Middle Jurassic arc of the northern Andes is 

unknown and certainly mostly speculative. Several terranes in Mexico, the Caribbean and 

even farther north in North America are Jurassic to Cretaceous island arc type terranes, 

and they may have formed as various parts of a oceanic island arc system that fringed the 

Americas as North and South America were m.oving apart in the Jurassic and Early 

Cretaceous (Figure 43). The southern limit of this offshore system was in southern Peru. 

Cole's (1990) analysis of the Late Jurassic-Early Cretaceous plate motions in the 

Pacific realm showed that the relative motion of the South American Pacific margin with 

the Phoenix plate was likely left-lateral, with almost totally strike-slip motion along central 

and southern Peru (Figure 44). This conclusion assumed no intervening plates, and it 
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considered the motion relative to the present continental shape,unrestored for later 

deformation, but the motion would still be very oblique left-lateral convergence upon 

restoration of the differential Tertiary shortening along the Andes (Beck, 1988). This 

relative plate motion created a perfect situation for extension along central and southern 

Peru, likely accounting for the marginal basin to oceanic arc assemblages (Atherton et al., 

1983; Atherton and Webb, 1989; Wilson, 1963) of the Canta terrane. The development of 

continental margin arc assemblages to the south also fits excellently with these plate 

motions. The development of the Jurassic-Lower Cretaceous arc assemblages (jn, ji) is 

less in southern Peru on the Arequipa terrane, south of the Canta terrane, than in Chile, 

where the relative motion became less oblique due to location of pole of rotation as well as 

slightly different orientation of the margin. Left-lateral kinematic indicators and 

displacements within the arc and back-arc area have been noted in Chile, especially along 

the Atacama fault (Brown et al., 1990), also in accord with this left-lateral oblique relative 

motion. 

Cretaceous-Cenozoic tectonic evolution 

Late Cretaceous-Early Tertiary arc 

The Lower Cretaceous neutral arc of the central and southern Andes underwent a 

fundamental change in the mid-Cretaceous, as a result of the opening of the Atlantic Ocean 

and the westward motion of South America away from Africa. In general, the arc and 

back-arc were uplifted above sea-level in the Early Cretaceous, at about 100-110 Ma, as 

demonstrated by the disappearance of interbedded marine deposits. This uplift reversed 

the sedimentary polarity, so that after the mid-Cretaceous, sediments were shed eastward 

from the arc over the craton, whereas earlier, sediments from the craton were shed 

westward into the back-arc basins. The details of the timing and nature of this transition 

vary, but regionally this is a well-developed pattern. The opening of the southern South 
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Atlantic began about 135 Ma , and the opening progressed northward, with opening 

eve~_whe~ by about 100 Ma. (Cande et al.,1988; Rabinowitz and LaBrecque, 1979). 

This northward progression of the rifting suggests that perhaps the compressional arc 

should commence earlier in the south than to the north, but I cannot surely detect this trend 

in the available data at the present resolution. In Tierra del Fuego, the Jurassic through 

Aptian-Albian section was folded as a unit as early as Albian (Winslow, 1982). In 

southern Patagonian, the oldest foreland basin sandstones are upper Albian (Wilson, 

1991). In central and northern Chile, typical sequences in the back-arc areas had marine 

levels up through Neocomian, grading upward into poorly or undated continental 

sediments with abundant volcanic input, all overlain with angular unconformity by Upper 

Cretaceous-Lower Tertiary continental and volcanic deposits that also usually do not have 

tight age constraints (Levi, 1973; Naranjo and Puig, 1984; Ramirez R. and Gardeweg P., 

1982; Thiele C., 1980). Thus, from Tierra del Fuego to northern Chile, the fundamental 

change to a compressive arc system appears to have been in the Albian. In southern Peru, 

the sequence is different with marine beds of Albian to Turonian age (Jenks, 1946; Vargas 

V., 1970), and these are not obviously foreland basin deposits so they apparently indicate 

a longer lasting marine back-arc here. Thus, the change to an entirely above sea-level arc 

and the reversal of sedimentation direction was apparently somewhat later than mid

Cretaceous only as far north as southern Peru. 

Cretaceous terrane accretion in the northern Andes 

North of the Arequipa terrane, a Jurassic-Lower Cretaceous arc was not developed 

on the margin, thus the tectonics from central Peru northward are distinct from the history 

in the south. There is a clear transition in central Peru from the marine platfonn sequence 

sourced from the east and Santonian at the youngest, to the redbeds above sourced from 

the west The redbeds overlie the Cretaceous platfonn section with angular unconformity 

on the west, grading to mild disconformity to the east, and are as old as Upper Cretaceous 



397 

(Benavides-Caceres, 1956; Megard, 1978; Wilson, 1963). The accretion of the Canta 

terrane was mid-Cretaceous, as constrained by the oldest 100-105 Ma unit of the intruding 

coastal batholith. The Canta strata was folded, then intruded by the batholith, with the 

oldest parts of the batholith showing syntectonic defonnation (Cobbing et al., 1981). The 

"-:cretion of the Canta terrane, and the beginning of the continental margin are, as indicated 

by the coastal batholith, correlates with the reversal in sedimentary polarity. There is a lag 

between the folding and initiation of the arc at about 100 Ma, until enough crustal 

thickening and uplift had occurred for the arc to be continental and shedding material to the 

west at about 75-80 Ma in central Peru. A similar lag is also noted in the central and 

southern Andes, where the oldest sediment shed to the east from the uplifting arc is 

Albian, but the opening in the southern South Atlantic was earlier (135 Ma) as discussed 

above. 

In the northern Andes, as discussed before, a mostly Middle Jurassic arc Oi 

assemblage in part) was active on the continental margin from northern Peru to southern 

Colombia, while a Jurassic continental rift assemblage Os) was accumulating farther north. 

These sequences are overlain by the uppennost Jurassic to Lower Cretaceous craton

sourced, platfonn or basin assemblages (ks & n asssemblages). The Amotape terrane in 

northern Peru and southern Ecuador was apparently accreted by the Aptian-Albian, d;; 

shown by the overlap of the Cretaceous section into the Lancones basin (Feininger, 1987; 

Mourier et al., 1988a; Mourier et al., 1988b). Its origin and position before accretion are 

not well-constrained, although paleomagnetic data from Pennsylvanian rocks hint at 

latitudinal displacement (Laj et al., 1989; Mourier et al., 1988a). These paleomagnetic 

data are from only few sites and samples with weak magnetization, where no fold test or 

other stability tests were possible, so the apparent flattening (25.8 19) only hints, at 

best, at possible latitudinal displacement of .... 17 northward transport. Paleomagnetic data 

establish progressive rotation of the Cretaceous and Tertiary rocks of Amotape (Laj et al., 
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1989; Mourieret al., 1988a). The Ambo-Tanna-like succession on Amotape (Fischer, 

1956; Newell et al., 1953) suggests some earlier connection with the central Andes of 

Peru. 

An above sea-level arc was established on the continental margin in the mid- and 

Late Cretaceous in all the southern and central Andes including on the accreted. Canta and 

Amotape terranes. The westward advance of the South American plate over the Pacific 

basin, caused by opening of the South Atlantic in the mid-Cretaceous (Figure 45), did not 

affect the northern Andes north of Amotape terrane in the same way. In the mid

Cretaceous, the oceanic Amaime terrane was obducted. onto the Zamora terrane in 

Colombia (Aspden and McCourt, 1985; Aspden and McCourt, 1986b), and perhaps there 

are equivalent units in Ecuador such as the Alao Group (Aspden and Litherland, 1992), 

but the accretion of Amaime terrane had no discernible effect on regional sedimentation 

patterns on the craton margin. Island arcs were probably active off the margin at this time, 

and the younger accretions of Cauca-Macuchi and Pifion terranes are pieces of these arcs 

and associated oceanic crust. 

The northern South American continental margin was most likely not in direct 

contact, across a plate boundary, with the Phoenix plate during latest Jurassic and Early 

Cretaceous, but there was probably offshore oblique convergence, creating island arcs, 

and strike-slip motions, as discussed above. The general sense of relative motion between 

the Phoenix plate and South America or whatever was to the east was left-lateral strike-slip 

to oblique left-lateral convergence (Figure 44), and this motion persisted until the Phoenix

Farallon ridge migrated south, from an inferred position somewhere in the region between 

North and South America at approximately 100-110 Ma, progressing to Antarctica by 

about 80-75 Ma (Cole, 1990). The location of this ridge is not controlled directly, but is 

inferred to somehow link: up with the Jurassic-Cretaceous spreading between Laurentia 

and Gondwana. Mter this ridge migrated by the offshore arcs to the north or continental 
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margin to the south, which was adjacent to the Phoenix plate, the relative motion along the 

boundary changed. Cole (1990) suggests left-lateral oblique extensional relative motion in 

the early stages of the ridge migration along the margin based mostly on hotspot tracks on 

the Pacific plate, changing to right-lateral oblique convergence, although not as strongly 

oblique in Cole's model as in the model of Pardo-Casas and Molnar (1987), in the 

northern Andes at the end of the Cretaceous normal superchron at 85 Ma with better 

control based on magnetic anomalies on the Pacific plate. Two earlier studies of relative 

motions between the Nazca and South American plates also indicate right-lateral oblique 

convergence along the northeast-trending margin of the northern Andes from latest 

Cretaceous to approximately 50 Ma in the Eocene (pardo-Casas and Molnar, 1987; Pilger, 

1983; Pilger, 1984). This right-lateral oblique plate motion with the Farallon (Nazca) plate 

was probably what eventually brought in the Cauca-Macuchi and Pinon terranes 

(Feininger and Bristow, 1980) as well as moving the Cretaceous Caribbean floor and 

bounding arcs from the Pacific realm towards their present position (Pindell, 1985; Pindell 

and Barrett, 1990). Right lateral strike-slip motions within the northern Andes, resulting 

from the right-lateral oblique convergence direction, also redistributed parts of the pre

existing margin in parts of Zamora and Eastern Cordillera terranes, and the craton (Aspden 

and Litherland, 1992; Feininger, 1970; Feininger and Bristow, 1980). 

The mid- to Upper Cretaceous Cauca-Macuchi and Pinon terranes were accreted in 

the latest Cretaceous-early Tertiary, although arguments exist for an Eocene accretion (see 

Feininger, 1987; Feininger and Bristow, 1980; Henderson, 1979; Lebrat et al., 1987; Van 

Thournout et al., 1992 for discussions of both possibilities and constraints), coeval with 

termination of deposition of the Yungilla assemblage flysch between the Macuchi arc and 

South America, and initiation of deformation, metamorphism, and intrusions in Zamora 

terrane. Upon accretion these terranes were uplifted enough to create the stratigraphic 

break between Upper Cretaceous and Eocene rocks in the Macuchi arc and on the Pinon 
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crust. The effect of this accretion on the sedimentation patterns to the east was mild, 

expressed as a disconformity between the Cretaceous platfonn assemblage and the latest 

Cretaceous Tena Fonnation, and as a mixture of marine and non-marine levels in the Tena 

showing a lack of an open connection to the sea. The Tena thickens substantially to the 

west and may have been a foreland basin deposit, although no coarse clastics are known in 

the Tena Fonnation (Kennerley, 1980). A similar situation is seen in Colombia, where the 

Eastern Cordillera basin sediments became more continental in the Upper Cretaceous

Paleocene parts (Irving, 1975). In western Venezuela, the Cretaceous and lower Tertiary 

sequence is again similar, except it is more distal to the effects on the Pacific margin. The 

marine Cretaceous shoaled up into coastal deposits in the Paleocene, and this near-shore 

character, with some marine horizons, continued unbroken up into the Eocene, and was 

capped by the fluvial middle Eocene sandstones and conglomerate of the Mirador and 

Misoa Fonnations (Gonzalez de Juana et al., 1980). A subduction zone was established at 

the new Pacific continental margin in the northern Andes, following the accretion of the 

Cauca-Macuchi and Pifion terranes, and the Eocene assemblages deposited on and 

intruding the Macuchi and Pinon rocks are here considered to be arc and fore-arc deposits 

of this new subduction zone. The fringing arcs and the oblique relative motions along the 

northern Andean margin during the mid- to Late Cretaceous insulated this part of the 

margin from the increased compression recorded along the continental margin adjacent to 

the subduction zone to the south. 

Cretaceous-Cenozoic terrane accretion on the Caribbean margin 

The Caribbean margin terranes in Venezuela show a distinct accretionary history. 

The Cordillera de la Costa, Tinaco-Caucagua, and Villa de Cura terranes were 

metamorphosed in Coniancian to Campanian, as well as the ABC terrane and Isla 

Margarita just off the northern margin (Beets et aI., 1984). This happened in an oceanic 

realm, probably associated with subduction processes, before they were actually accreted 
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to South America (Beets et al., 1984; Pindell and Barrett, 1990). They, and probably also 

the Paraguana terrane (see Pindell and Barrett, 1990), were thrust onto the Gmirico terrane 

in the Paleocene-Early Eocene, as indicated by the great thickness of the Guarico foreland 

basin section (Bell, 1971; Bellizzia G. et al., 1976) and the fault juxtaposition of the Villa 

de Cura klippe over Maastrichtian flysch. The internal stacking of the Caribbean coastal 

terranes that set the Villa de Cura klippe on the south of the other terranes was likely also 

created during this thrusting episode. All this shortening took place somewhere just off 

the edge of northern South America, as Cretaceous olistostromes of the shelf sequence of 

South America are within the flysch. A second distinct episode of southward thrusting of 

these terranes took place from late Eocene into early Miocene, as indicated by the thick 

foreland basin section of the Roblecito trough just south of the Guarico terrane (Bell, 

1971; Bellizzia G. et al., 1976). Paleomagnetic data from various parts of these northern 

Venezuela terranes appear to indicate a substantial clockwise rotation of about 90 of all 

these terranes from Late Cretaceous to present (Skerlec and Hargraves, 1980). 

Changes in relative plate motions between North America and South America, and 

the motion of the Caribbean plate account for the accretionary history of the Caribbean 

coastal terranes in Venezuela (Figure 43). North America and South America were 

moving steadily apart from Jurassic to -85 Ma, followed by little relative motion from -85 

to -45 Ma, and a small amount (-250 km) of relative convergence from -45 Ma to present 

(Pindell and Barrett, 1990; Pindell et al., 1988). The Caribbean plate moved along 

northern South America towards its present position beginning in the Paleocene. The 

initial metamorphism of Cordillera de la Costa, Tinaco-Caucagua, and Villa de Cura 

terranes occurred when North America and South America stopped moving apart and 

before the Caribbean plate was in the immediate area The first thrusting episode may 

have been due to the first interaction between these terranes. including the offshore 

terranes, and the Caribbean plate with rotation during and following this thrusting episode. 
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The second thrusting episode may be fundamentally related to the small amount of coeval 

relative convergence between North America and South America, although of course the 

Caribbean plate was directly against the nort.ltern margin of South America at the 

longitudes of the Cordillera de la Costa. Pindell (1990) argues for a time-progession of 

the latest thrusting due to the passage of the Caribbean plate, and this was at least part of 

the tectonic history, as the thick foreland section south of the Caribbean coastal ranges is 

Oligocene-lower Miocene while the section south of the Araya-Paria Peninsula and 

adjacent folded and thrusted shelf Cretaceous section is Miocene-Pliocene. 

Cenozoic arc and orogenies 

Eocene orogeny (lncaic) 

In the Eocene, a subduction zone was fmally established along the Pacific margin 

of the northern Andes, following the accretion of the Cauca-Macuchi and Pifion terranes. 

The continental margin adjacent to the subduction zone was compressive, keeping in 

character with the mid-Cretaceous and younger arc to the south. The arc and margin of the 

northern Andes was uplifted in the Eocene and it began to shed material into continental 

basins to the east In the Oriente region of Ecuador, on the cratonic region east of Zamora 

terrane, a continental coarse clastic section overlies the Tena Formation and equivalent 

strata disconformably or with slight angular unconformity, and is considered Eocene, 

although it is poorly dated (Kennerley, 1980). This section was clearly sourced from the 

west (Feininger, 1975; Feininger, 1987). In Colombia, well-dated Eocene sandstones that 

were sourced from the southwest are exposed in foothills of the Eastern Cordillera (Irving, 

1975), and late Eocene-early Oligocene synorogenic conglomerates and redbeds filled a 

foreland basin in the Upper Magdalena Valley (Butler and Schamel, 1988). These first 

clearly western-sourced deposits indicate the first major uplift of the margin and reversal 

of sedimentary polarity in the northern Andes during the Eocene, in contrast to the mid- to 

Late Cretaceous reversal of sedimentation known from Peru southward. 
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This Eocene uplift is associated with a change of convergence direction and 

increased rate of convergence at -50 Ma between South America and the Nazca (Farallon) 

plate at the subduction zone (Figures 40, 41) (Pardo-Casas and Molnar, 1987; Pilger, 

1983; Pilger, 1984), and the establishment of the subduction zone west of the latest 

Cretaceous-earliest Tertiary accretions (Toussaint and Restrepo, 1982). The change to 

more direct convergence and the increase in rate of convergence caused a widespread 

Eocene orogeny in most of the Andes. 

As discussed above, by the Eocene, a subduction zone was active along essentially 

all of the Andean margin, with an above sea-level arc on the continental margin, shedding 

sediments to the east. A distinct defonnational episode that went along with this arc 

phase, and that can be constrained to the Eocene in places, affected much of the Andean 

margin. Radiometric dating of volcanic rocks that overlie a regional unconformity in Peru 

constrains defonnation to pre--40 Ma (Noble et al., 1979). The effects are recorded as 

folding in proximal areas, and as unconfonnities and foreland basin development in 

slightly more distal regions to the east. A great increase in magmatism, both intrusive and 

extrusive, accompanied the increased compression and deformation of the Eocene orogeny 

(see, for example, Boric P. et al., 1990; Noble et al., 1979; Noble et al., 1985; Sebrier et 

al., 1988). The deformation is not constrained to the Eocene in some areas, but is 

allowed. The deformational effects were primarily near the coast For example, pre

middle Eocene strata were folded in northern Chile, but not in Bolivia, where distal 

foreland basin deposits to the thrusting disconformably overlie Paleocene rocks (Marshall 

and Sempere, 1991). The Eocene orogeny was one of several strongly compressive 

phases within the long-lasting mid-Cretaceous to present compressive tectonics of the 

Andean margin. 
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Late Oligocene to present orogeny (Aymaran-Quechan) 

Subduction on the Pacific margin continued through the rest of the Tertiary, but the 

development of volcanism waned in the Oligocene (see, for example, Boric P. et aI., 

1990; Sebrier et at, 1988), corresponding with a slower convergence rate (Figure 41) 

(Pardo-Casas and Molnar, 1987; Pilger, 1983; Pilger, 1984). The Andes, as seen today 

as a mountain range are in large part the result of deformation and uplift from 

approximately 26-27 Ma in the late Oligocene to the present. The Farallon plate split into 

the Nazca and Cocos plates, and there was a ridge reorganization between the Pacific and 

Nazca plates at -26 Ma, with the fast spreading of the East Pacific Rise commencing with 

this ridge reorganization (Pardo-Casas and Molnar, 1987; Pilger, 1984). The late 

Oligocene to present episode of ongoing deformation and building of the Andes shows 

several distinct stages, where the eastern deformation limit and corresponding foreland 

basin seem to have stepped eastward during distinct intervals that can be constrained to a 

few million years. The eastward-progressing orogeny initiated deformation and uplift in a 

new area east of the previously faulted region, and a new foreland basin sequence also east 

of the previous foreland basin section with each new episode (Marshall and Sempere, 

1991). The initiation of some of these tectonosedimentary episodes can clearly be 

correlated regionally over much or all of the Andes, whereas for others it remains to be 

seen if and how well they correlate over large regions. The initiation of the late Oligocene 

episode happened over all the Andes at about the same time, which strongly argues that the 

rate of convergence was the main controlling factor of the deformation, rather than other 

charcteristics of the subduction zone. Sempere and others (1990) have established the 

timing of the initiation of a foreland basin in the northern Altiplano of Bolivia, associated 

with this episode, the Aymara orogeny, at about 26 Ma. The rapid exhumation of rocks in 

the Bolivian Cordillera Real, as suggested by fission track data, also begins at 

appproximately this time (Benjamin et al., 1987). A foreland basin with Deseadan land 
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manunal fauna (-29-21 Ma) in Argentina (32°-37°S) also indicates a late Oligocene 

initiation of a tectonosedimentary episode (Sempere et al., 1994). This episode continues 

to approximately 18 Ma in Bolivia, as indicated by a date on a tuff from the uppermost part 

of the sequence (Sempere et al., 1990), and to about 20 Ma in Chile, as constrained by 

oldest volcanic flows overlying the unconfonnity associated with this event (Sempere et 

al., 1994). Other parts of the Andes also show the fIrst effects of the main Andean 

orogeny in the late Oligocene. The preserved Tertiary section of the Eastern Cordillera in 

Colombia coarsens upward to a upper Oligocene conglomerate, and uppennost Oligocene

lowennost Miocene beds were the oldest part of a molassic section in the Upper 

Magdalena Valley in Colombia. The Cuenca basin sediments in southern Ecuador begin 

with uppennost Oligocene? -lower Miocene conglomerate and sandstone (Bristow, 1973). 

In Peru, there are abundant radiometric dates of 27 Ma and younger on volcanic tuffs and 

flows that overlie older rocks, often with angular unconformity (Noble et al., 1974; Noble 

et al., 1985; S6brier et al., 1988; Soler and Bonhomme, 1988). It is clear from these 

examples (see Chapter 3, Neogene section for more details) that the main Andean 

deformation and uplift began in the late Oligocene throughout the Andes. 

A second tectonosedimentary episode, termed the Pehuenche in northern 

Argentina, was from -18 to -12 Ma, and has been identifIed in northern Argentina and in 

Patagonia (Marshall and Salinas, 1990a), Marshall, 1992, personal comm.)]. It is not 

certain how well this episode will correlate to other parts of the Andes. Relative plate 

motion studies suggest another increase in the rate of convergence at about 20 Ma (Figure 

41) (pardo-Casas and Molnar, 1987; Pilger, 1983; Pilger, 1984), so this second episode 

may also be expected throughout the Andes. 

The youngest tectono sedimentary episode, the Quechuan orogeny, began 

approximately 11-10 Ma. It is well-constrained in many parts of the Andes, and this step 

moved the thrust front east near to its present position, with the well-developed foreland 
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basins east of it The thick foreland basin sequences on the east of the Andes are typically 

late Miocene and younger. The Llanos basin in Colombia records this timing, with many 

kilometers of upper Miocene and Pliocene clastics. The Maracaibo basin in Venezuela was 

flexed down by the thrusted Merida Andes after 15 Ma, and it was actively subsiding by 

11 Ma, as shown by subsidence curves (Lugo Lobo, 1991). An influx of coarse clastic 

rocks poured into the Oriente foreland basin in Ecuador in late middle Miocene (-12 Ma) 

(Kennerley, 1980). In Bolivia, the Yecua Formation represents a thin marine incursion in 

late Miocene at -11-10 Ma, immediately preceding the deposition of the Chaco clastic 

sequence (Marshall and Sempere, 1991; Sempere, 1990). A broad distal foreland basin in 

northern Argentina breaks up into more local and proximal basins that receive thick 

synorogenic sediments at -10 Ma (Jordan and Alonso, 1987). Magmatism and 

deformation in most parts of the Andes was, of course, part of this extensive 

tectono sedimentary episode (see, for example, Baker and Francis, 1978; Kussmaul et al., 

1977). The timing of initiation of the Quechan episode is generally not as well-constrained 

in the mountain belt itself as in the adjacent basins, and several regional unconformities 

have been noted within this episode in Peru (see, for example, Bonhomme et al., 1988; 

Ellison et al., 1989; Megard et al., 1984). 

The convergence rate between the Nazca and South American plates was 

somewhat less from"'" 10 Ma to present than earlier (pardo-Casas and Molnar, 1987; 

Pilger, 1983; Pilger, 1984), contrary to what would be expected for the areally expanding 

deformation at -10 Ma based on the correlation of the Eocene and latest Oligocene 

initiations of deformation with increases in convergence rate (Figure 41). There is no 

obvious explanation in the plate motions for the somewhat synchronous beginning of this 

10-11 Ma episode in much of the Andes, nor in a fundamental Andean-wide change in 

character of the subduction zone or subducting plate, such as a flattening slab, especially 

given the present differences seen along the subduction zone. The oceanic plate being 
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subducted has been becoming progressively younger throughout the Tertiary, and this 

may account in part for the continued expanding deformation in spite of the apparent rate 

decrease, with the approximately synchronous initiation of the Quechuan orogeny perhaps 

resulting from a general strength threshold of continental crust. 

Conclusions 

ShoF.ening, crustal thickening, and uplift in the Andes 

The crust, before the compressive Andean "cycle" arc began in mid-Cretaceous, 

was undoubtably thin near the continental margin where the back-arc basins and 

submarine arc were developed, as indicated by continued extension and subsidence. The 

crust was thickened progressively through the Andean "cycle", with most of the pre-late 

Oligocene shortening and thickening occurring during Late Cretaceous and Eocene. The 

thickened crust built by these earlier compressive episodes was in a narrower zone than the 

present Andes, in the coastal regions and the western Cordilleras of today. High 

topography and the thrust belt that correspond to these episodes of crustal thickening 

would have also been restricted to the western parts of the present Andes. The late 

Oligocene to present Andean orogeny accounts for a majority of the shortening, and hence 

accounts for most of the thickened crust and elevation throughout the Andes. 

The surface expression of the late Oligocene to recent shortening and crustal 

thickening is a predominantly thin-skinned fold and thrust belt within and on the eastern 

side of much of the Andes (Butler and Schamel, 1988; Dengo and Covey, 1990; Jordan 

and Alonso, 1987; Sempere et al., 1990; Sempere et al., 1994), as well as the high 

average elevations. The well-known current flat slab region in Argentina shows a thick

skinned style of deformation (Jordan et al., 1983), but the flat-slab region in Peru is not 

dominanted by a thick-skinned style. A substantial part of the shortening within this 

Neogene fold and thrust belt, at least in parts of the Andes, was after -11 Ma, during the 
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last episodes of the Andean orogeny as indicated by ages of corresponding foreland basin 

sediments (Beer, 1990; Jordan and Alonso, 1987; Jordan et al., 1990; Sempere et al., 

1990; Sempere et al., 1994). Estimates of minimum shortening, based on restored cross

sections of the Neogene (late Oligocene to recent) fold and thrust belt of the eastern Andes, 

range from ,...150 kIn in Colombia (Dengo and Covey, 1990; Toro, 1990), to 200-250 km 

in the central Andes of Bolivia (Roeder, 1988; Sheffels, 1990), and to ,...110 kIn in the 

Precordillera section of Chile and Argentina (Allmendinger et al., 1990). These amounts 

of shortening can account for most or all of the crustal thickness and elevation of the 

Andes.(Allmendinger et al., 1990; Isacks, 1988; Roeder, 1988; Sheffels, preprint). 

The central Andes stand out within the Cordillera, as they are at their widest here 

where the broad, high Altiplano corresponding to this region of thickest crust is developed 

(James, 1971; Wigger, 1988). Sulxiuction zone characteristics such as rate of 

convergence and age of subducting crust have been about the same at any moment of time 

along all of the Pacific margin since the latest Cretaceous, and this is especially so in the 

Neogene, when the unique characteristics of the central Andes were created. Notable 

along strike variations in the Neogene subduction zone, such as flat slab regions, do not 

provide an apparent reason for the greater shortening of the central Andes (Isacks, 1988). 

Characteristics of the upper, South American, plate may provide a simple explanation for 

the development of the Altiplano only in the central Andes. The thick and broad Paleozoic 

sedimentary section, present only in the central Andes on the east side of the Altiplano, 

indicates that the underlying crust must have been highly attenuated. This thinned older 

crust and the thick sedimentary section may have been weaker and more prone to 

shortening than other parts of the Andean margin where the geologic and tectonic history 

was distinct Other areas of the Andes also illustrate the impact of older features on 

shortening and uplift patterns. The abrupt escarpment on the east of the Eastern Cordillera 
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in Colombia was created by the late «11 Ma) thrust reactivation of the previously normal

faulted boundary to the Cretaceous Eastern Cordillera basin (Fabre, 1983b). 

Major controls on the development of the Andean subduction orogen 

The variations and history of development of the Andean orogen, as discussed 

throughout this thesis, demonstrate important factors controlling the timing and other 

characteristics of its development, and of subduction orogens in general. The change in 

'absolute' motion of the South American plate, when it began to actively override the 

Pacific basin with start of spreading in the Atlantic Ocean, transformed the character of the 

Pacific margin of the South American plate to a compressive margin. This transformation 

occurred in the central and southern Andes, where there was ongoing subduction, with the 

same relative motion sense, before and after the addition of this westward component of 

motion to the South American plate. An offshore location of the plate boundary and/or 

highly oblique relative motion insulated the northern Andes from this effect The Andean 

margin has remained generally compressive since the South American plate began its 

westward motion away from Africa. 

The rate of convergence, and changes in rate of convergence also affected Andean 

evolution the length of the continent. Increases in the rate of convergence clearly enhanced 

shortening, crustal thickening, and uplift of the Andes. These two factors, "absolute 

motion" of the overriding plate and relative convergence rate are primarily responsible for 

the Andean Cordillera. Other factors of the subduction zone, such as angle of slab, and 

locations of ridges and topography on the subducting plate, exert a secondary control on 

specific characteristics of parts of the Andes. Variations in characteristics of the overriding 

plate, created by its previous geologic and tectonic history, also exert an important control 

on where and how much shortening occurs. 
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