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A B S T R A C T

Integration of regional stratigraphic relationships with data on sediment accumulation, provenance,
paleodrainage, and deformation timing enables a reconstruction of Mesozoic-Cenozoic subduction-related
mountain building along the western margin of South America. Sedimentary basins evolved in a wide range of
structural settings on both flanks of the Andean magmatic arc, with strong signatures of retroarc crustal
shortening, flexure, and rapid accumulation in long-lived foreland and hinterland basins. Extensional basins also
formed during pre-Andean backarc extension and locally in selected forearc, arc, and retroarc zones during Late
Cretaceous-Cenozoic Andean orogenesis. Major transitions in topography and sediment routing are recovered
through provenance studies, particularly detrital zircon U-Pb geochronological applications, which distinguish
three principal sediment source regions—the South American craton, Andean magmatic arc, and retroarc fold-
thrust belt. Following the cessation of Late Triassic–Early Cretaceous extensional and/or postextensional neutral-
stress conditions, a Late Cretaceous-early Paleocene inception of Andean shortening was chronicled in retroarc
regions along the western margin by rapid flexural subsidence, a wholesale reversal in drainage patterns, and
provenance switch from eastern cratonic sources to Andean sources. An enigmatic Paleogene hiatus in the
Andean foreland succession recorded diminished accumulation and/or regional unconformity development,
contemporaneous with a phase of limited shortening or neutral to locally extensional conditions. Seemingly
contradictory temporal fluctuations in tectonic regimes, defined by contrasting (possibly cyclical) phases of
shortening, neutral, and extensional conditions, can be linked to the degree of mechanical coupling along the
subduction plate boundary. Along-strike variations in Late Cretaceous-Cenozoic deformation and crustal
thickening demonstrate contrasting high-shortening versus low-shortening modes of Andean orogenesis, in
which the central Andes are distinguished by large-magnitude east-west shortening (> 150–300 km) and cor-
responding cratonward advance of the fold-thrust belt and foreland basin system, several times that of the
northern and southern Andes. These temporal and spatial changes in shortening and overall tectonic regime can
be related to variable plate coupling during first-order shifts in plate convergence, second-order cycles of slab
shallowing and steepening, and second-order cycles of shortening, lithospheric removal and local partial ex-
tensional collapse in highly shortened and thickened segments of the orogen.

1. Introduction

Growth of the Andes mountains (Fig. 1) shapes erosion, sediment
delivery, river courses, drainage networks, orographic barriers, climate,
biodiversity, and ocean circulation patterns across South America and
its periphery. Tectonic uplift of the Andes and coupled subsidence of
sedimentary basins fundamentally control the distribution of topo-
graphy and relief in western South America, generating not only the
foremost sources of sediment but also the sinks where detrital material
is accommodated over geological timescales. Mesozoic-Cenozoic pat-
terns of sediment dispersal, sediment accumulation, river genesis, and
drainage reorganization reflect processes of continental landscape
evolution associated with protracted subduction and lithospheric

deformation along a convergent plate boundary. In particular, the ori-
gination and advance of the Andean retroarc fold-thrust belt and fore-
land basin system (Fig. 1) played a pivotal role in the transition from an
extensional or neutral tectonic regime with a westward (Pacific)
draining pre-Andean landscape to a contractional regime with an
overall eastward (Atlantic) draining landscape.

Despite the applicability of these concepts to the Andes and Andean-
type ocean-continent convergent plate boundaries in general, questions
persist over (1) the inception of Andean mountain building (e.g.,
Dalziel, 1986; Coney and Evenchick, 1994; Jordan et al., 2001a;
DeCelles and Horton, 2003), (2) spatial variations and possible pulses
or lulls in deformation (Rutland, 1971; Gansser, 1973; Aguirre, 1976;
Mégard, 1984; Noblet et al., 1996; Horton, 2018), (3) temporal shifts in
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tectonic regime (Mpodozis and Ramos, 1990; Ramos, 2010; Mpodozis
and Cornejo, 2012; Charrier et al., 2015; Horton and Fuentes, 2016),
and (4) the history of paleodrainage and sediment accommodation in
the basins of western South America (Potter, 1997; Lundberg et al.,
1998; Hoorn et al., 2010; Roddaz et al., 2010; Horton et al., 2015a;
Anderson et al., 2016). These uncertainties commonly arise from in-
sufficient stratigraphic age control, conflicting basin structural config-
urations, contrasting modes of sediment accommodation, condensed
stratigraphic intervals and unconformities of unclear origin, and/or
limited correlation across diverse basin systems. Andean retroarc
foreland and hinterland basin systems contain long-lived, chiefly non-
marine clastic successions that reflect sediment accommodation gov-
erned by a range of mechanical and thermal processes (Jordan and
Alonso, 1987; Sempere et al., 1990; Jordan, 1995; Jacques, 2003;
DeCelles, 2012; Horton, 2012; Carlotto, 2013). These synorogenic

successions, typically 4–10 km thick, offer windows into the stages of
erosional exhumation in the fold-thrust belt and magmatic arc, relative
timing of Andean uplift, establishment of major sediment sources, basin
subsidence and sediment accumulation patterns, key shifts in landscape
development, and the establishment of topographic barriers and large
river systems.

This paper integrates a range of stratigraphic, sedimentologic, and
geochronological datasets in order to evaluate the Mesozoic-Cenozoic
sedimentary record of mountain building in South America. A con-
tinental-scale framework spanning the northern, central, and southern
Andes (Fig. 1) sets the stage for addressing several interrelated questions.

• When did Andean mountain building commence?

• How did synorogenic basins evolve, and in what structural config-
urations?
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Fig. 1. Maps of (A) tectonic framework, (B) topography, and (C) sedimentary basin configuration of South America. (A) Map of plate boundaries, Andean magmatic arc (including the
northern, central, and southern volcanic zones), regions of flat slab subduction, modern stress orientations from earthquake focal mechanisms, eastern front of Andean fold-thrust belt,
and key segments of the retroarc foreland basin system. Plate velocities are shown relative to stable South American plate (DeMets et al., 2010). (B) DEM topographic map showing the
Andes mountains and adjacent foreland region, including the Amazon, Parana, Orinoco, and Magdalena (Mag) river systems. (C) Map of Andean retroarc basins, showing isopach
thicknesses (in km) of Cretaceous-Cenozoic basin fill, forebulge axis (from Chase et al., 2009), and locations of 13 sites (8 foreland basins, 5 hinterland basins) considered in this synthesis.
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• What were the principal sources of sediment?

• Where were the major zones of sediment accommodation?

• What was the history of sediment accumulation and was it steady or
unsteady?

• What were the foremost events in landscape evolution, with respect
to drainage reorganization, growth of topographic divides, and
genesis of large rivers?

• What were the spatial contrasts in these processes, in terms of along-
strike (north-south) and across-strike (east-west) variations?

• Do temporal records indicate steady, continuous processes or in-
termittent behavior involving punctuated episodes or cyclicity?

This Andean-wide synthesis focuses on the sedimentary record and
is necessarily incomplete. Analogous syntheses of Andean structural,
magmatic, thermochronologic, paleoelevational, and climatic records
are likely to generate complementary insights into these respective
topics. Key structural issues include the geometry, style, and magnitude
of Andean deformation, as well as the role of inheritance at local and
regional scales (e.g., Kley and Monaldi, 1998; Kley et al., 1999;
McQuarrie, 2002a; Ramos et al., 2004; Oncken et al., 2006; Giambiagi
et al., 2012; McGroder et al., 2015; Perez et al., 2016b). Magmatic
records highlight changes in Andean arc activity in relationship to slab
dynamics and interactions with continental lithosphere (e.g., Coira
et al., 1982; James and Sacks, 1999; Haschke et al., 2006; Kay et al.,
1999, 2005; Trumbull et al., 2006; Ramos and Folguera, 2009; Mamani
et al., 2010; Folguera and Ramos, 2011; Ducea et al., 2015). Thermo-
chronological data provide timing of exhumational cooling for selected
Andean regions (e.g., Thomson, 2002; Barnes et al., 2006; Gillis et al.,
2006; Ege et al., 2007; Parra et al., 2009a, 2009b; Mora et al., 2010a,
2010b; Lease et al., 2016; Savignano et al., 2016). Under appropriate
conditions, stable isotopes of sedimentary, volcanic, and fossil materials
offer broad constraints on past Andean elevations (e.g., Blisniuk and
Stern, 2005; Garzione et al., 2006, 2017; Mulch et al., 2010; Insel et al.,
2010; Leier et al., 2013; Saylor and Horton, 2014; Canavan et al., 2014;
Carrapa et al., 2014; Anderson et al., 2015; Quade et al., 2015; Mulch,
2016; Rohrmann et al., 2016). Complex interactions and feedbacks
among Andean tectonics, climate, and erosion are sensitive to varia-
tions in precipitation, seasonality, glaciation, slope, lithology, and other
related factors in evolving landscapes (Masek et al., 1994; Horton,
1998, 1999; Montgomery et al., 2001; Barnes et al., 2006; Strecker
et al., 2007, 2009; Mora et al., 2008; Ehlers and Poulsen, 2009;
Thomson et al., 2010; Barnes and Pelletier, 2006; Cruz et al., 2010;
Ramirez-Arias et al., 2012).

This review places emphasis on the stratigraphic framework, de-
positional systems, hiatuses, accumulation patterns, structural config-
urations, and sediment provenance of basins in western South America.
By focusing on the Mesozoic-Cenozoic sedimentary record, this effort
provides insights into the coupled history of sediment accumulation
and Andean mountain building. It is anticipated that this synthesis will
also provide a foundation for ongoing efforts to gauge the timing and
mechanisms of surface uplift, informing our current understanding of:
(1) the isostatic effects and interconnections among shortening, crustal
thickening, magmatic addition, and erosion (Isacks, 1988; Whitman
et al., 1996; Horton and DeCelles, 1997; Pope and Willett, 1998;
Horton, 1999; James and Sacks, 1999; Pelletier et al., 2010); (2) the
potential dynamic processes associated with plate interface stresses, flat
slab subduction, asthenospheric slab windows, deep mantle processes,
and lithospheric removal (Lamb and Hoke, 1997; Beck and Zandt,
2002; Garzione et al., 2006, 2017; Barnes and Ehlers, 2009; Kay and
Coira, 2009; Ramos and Folguera, 2009; Capitanio et al., 2011;
DeCelles et al., 2015a, 2015b; Folguera et al., 2015a; Faccenna et al.,
2017); and (3) the broader interactions among orography, climate, and
biodiversification (Montgomery et al., 2001; Strecker et al., 2007;
McQuarrie et al., 2008a; Norton and Schlunegger, 2011; Barnes et al.,
2012; Baker et al., 2014). Further, the Andean sedimentary archives
described here can be compared with the distal records along the

eastern (Atlantic) and northern (Caribbean) margins of South America
to assess patterns of transcontinental sediment dispersal, including the
onset of huge drainage systems such as the Amazon, Parana, Orinoco,
and Magdalena rivers (e.g., Hoorn et al., 2010, 2017; Figueiredo et al.,
2009; Sacek, 2014; Anderson et al., 2016).

2. Geologic framework

2.1. Current setting

As the type example of mountain building along an ocean-continent
convergent plate boundary, the Andes are genetically related to
Mesozoic-Cenozoic subduction of oceanic lithosphere of the Pacific
Ocean basin beneath continental lithosphere of western South America
(Figs. 1 and 2). Present interactions of the westward advancing South
American plate with surrounding oceanic plates involve orthogonal to
slightly oblique subduction of the Nazca and Antarctic plates and
transform motion relative to the oceanic Caribbean and Scotia plates
(Fig. 1A). The Peru-Chile trench defines the western plate boundary of
South America, with an actively subducting Nazca/Antarctic oceanic
slab of generally moderate (~30°) eastward dip. Zones of shallow to
flat-slab subduction (< 10° dip) at 11°–6°N, 2°–15°S, and 27°–33°S
correlate with spatial gaps in arc magmatism (between the northern,
central, and southern volcanic zones) and the occurrence of oceanic
aseismic ridges within the Nazca plate (Barazangi and Isacks, 1976;
Cahill and Isacks, 1992; Gutscher et al., 2000; Ramos et al., 2002; Stern,
2004; Ramos and Folguera, 2009).

The Andes (Fig. 1B) constitute an ~8000 km long, 250–750 km
wide contiguous topographic barrier with approximate mean elevations
of 1200 m in the northern Andes (11°N–5°S), 2500 m in the central
Andes (5°–33°S), and 800 m in the southern Andes (33°–55°S) (Gansser,
1973; Auboin et al., 1973; Mégard, 1987, 1989; Orme, 2007; Folguera
et al., 2016). The broadly north-trending orogenic belt demarcates the
continental drainage divide separating short river systems that flow
westward into the Pacific Ocean from those that flow eastward into the
Atlantic Ocean and Caribbean Sea, with an internal drainage system
characterizing the ~4000 m high central Andean Altiplano-Puna hin-
terland plateau (14°–27°S) (Isacks, 1988; Allmendinger et al., 1997;
Kennan, 2000; Montgomery et al., 2001).

The orogen is divided into tectonic provinces emblematic of
Andean-type convergent margins (Figs. 1C and 2), including a forearc
region, magmatic arc, retroarc fold-thrust belt, and foreland basin
system that closely follow the western trace of the South American
coastline (Jordan et al., 1983; Ramos, 1999). For most of the latitudinal
extent of the Andes, a narrow western range with a steep forearc flank,
generally referred to as the Western Cordillera, marks the active or
formerly active magmatic arc. On the opposing eastern slope, a broad
sector of rugged ranges referred to as the Eastern Cordillera and Sub-
andean Zone comprise an east-directed retroarc fold-thrust belt ex-
hibiting thin-skinned ramp-flat structures in the upper crust and base-
ment-involved structures in the middle to lower crust (Fig. 2). The
lowland provinces flanking the Andes are composed of variably named
segments of the narrow forearc region in the west and multiple retroarc
basins of the broader foreland basin system in the east (Fig. 1C).

2.2. Geologic history

A protracted history of subduction and arc magmatism along the
western edge of South America commenced in Late Triassic-Jurassic
time prior to and during breakup of Pangea and westward advance of
the South American plate away from Africa (James, 1971; Coira et al.,
1982; Aspden et al., 1987; Pankhurst et al., 2000; Pepper et al., 2016;
Calderón et al., 2016). After Mesozoic extensional and subsequent
neutral (postextensional) tectonic regimes along most segments of the
western margin (Dalziel, 1981; Atherton et al., 1983; Uliana and Biddle,
1988; Mpodozis and Ramos, 1990; Salfity and Marquillas, 1994;
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Jaillard et al., 1990; Cooper et al., 1995), a transition to regional
shortening led to construction of the Andean orogenic belt (Wilson,
1991; Ramos, 2010; Horton et al., 2010, 2016; Ghiglione et al., 2016a).
Plate tectonic reconstructions show a late Mesozoic increase in absolute
westward motion (mantle or hotspot reference frame) of the South
American continent (Seton et al., 2012; Maloney et al., 2013; Müller
et al., 2016; Wright et al., 2016) and considerable Cenozoic variations
in relative convergence rate and direction (Pilger Jr., 1984; Pardo-Casas
and Molnar, 1987; Somoza, 1998; Silver et al., 1998; Lonsdale, 2005;
Somoza and Ghidella, 2012).

Although the Mesozoic-Cenozoic history is broadly portrayed in
terms of pre-Andean extensional or neutral conditions followed by
protracted regional compression, additional shifts in tectonic regime
likely represent temporal variations in mechanical coupling between
the subducting and overriding plate (Sobolev and Babeyko, 2005;
Ramos, 2010; Mpodozis and Cornejo, 2012; Horton and Fuentes, 2016;
Horton, 2018). Modern observations of upper plate stresses expressed
in earthquake focal mechanisms, GPS data, and Quaternary structures
indicate Andean-wide compression (Fig. 1A) with local tension in high-
elevation areas undergoing gravitational collapse (Suárez et al., 1983;
Sébrier et al., 1985; Marrett et al., 1994; Schildgen et al., 2009;
Schoenbohm and Strecker, 2009; Giovanni et al., 2010; Veloza et al.,
2012; Assumpção et al., 2016; Giambiagi et al., 2016a; Heidbach et al.,
2016) and strike-slip faulting principally in forearc regions character-
ized by strain partitioning associated with oblique plate convergence
(Daly, 1989; Dewey and Lamb, 1992; Cembrano et al., 1996; Trenkamp

et al., 2002; Rosenau et al., 2006; Nocquet et al., 2014).
Rather than accretion, subduction erosion appears to have been the

prevailing process along the western plate interface. Subduction erosion
of forearc crust has been inferred on the basis of the eastward advan-
cing magmatic arc, absence of a significant accretionary prism or sub-
duction complex, and coastal exposure of older magmatic arc and
continental basement rocks (Rutland, 1971; von Huene and Scholl,
1991; Kay et al., 1999, 2005; Clift et al., 2003; Ramírez de Arellano
et al., 2012). Despite claims of widespread accretion of far-traveled
(exotic) terranes genetically linked to Andean deformation (e.g., Nur
and Ben-Avraham, 1977, 1982; Moores et al., 2002), post-Paleozoic
accretion of continental or oceanic fragments appears limited to the
northern Andes (Dalziel and Forsythe, 1985; Mégard, 1987, 1989;
Aleman and Ramos, 2000; Ramos, 2009). Accretion of materials largely
of oceanic affinity (Irving, 1971; Goossens and Rose, 1973) included
possible Jurassic-Cretaceous island arcs (Aspden et al., 1987; Feininger,
1987; Litherland et al., 1994), the Late Cretaceous Caribbean oceanic
plateau or large igneous province (Burke, 1988; Kerr et al., 2003;
Vallejo et al., 2009; Spikings et al., 2015), and the Late Cretaceous-
Cenozoic Panama-Chocó intraoceanic arc (Duque-Caro, 1990; Montes
et al., 2012, 2015). In addition, Mesozoic extension involved creation of
backarc basins situated between the western edge of South America and
fringing or marginal magmatic arcs, either with or without the genesis
of an offshore oceanic spreading center. Following backarc extension
and possible creation of a narrow strip of oceanic crust, a switch to
regional shortening facilitated basin closure and accretion of arc and

A

B

C

Fig. 2. Cross sections of the (A) central Andes, (B) northern Andes, and (C) southern Andes showing the tectonic configuration along the western margin of South America, including
crustal thickness, structural geometries of the Andean fold-thrust belt, retroarc basin configurations, and geometry of the subducted Nazca slab. Map locations of cross sections shown in
Fig. 1B. Note the difference in scale and vertical exaggeration of surface topography for the wide, highly shortened central Andean profile.
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forearc materials to the continental margin (Dalziel et al., 1974; Bruhn
and Dalziel, 1977; Dalziel, 1986; Mpodozis and Ramos, 1990, 2008;
Coney and Evenchick, 1994; Benavides-Cáceres, 1999; Villagómez
et al., 2011; Calderón et al., 2016).

2.3. Sedimentary record

A source-to-sink consideration of western South America distin-
guishes major erosional regions from zones of accumulation embodied
by continental sedimentary basins. Although onshore basins are em-
phasized here, a potentially rich but less accessible sedimentary record
exists offshore in Pacific sinks of the Peru-Chile trench and Atlantic
sinks such as the Argentine and Malvinas basins (e.g., Galeazzi, 1998;
Ghiglione et al., 2010, 2014, 2016b; Gruetzner et al., 2012; Eagles,
2016). The dominant sediment sources consist of the Andean magmatic
arc, retroarc fold-thrust belt, and eastern cratonic regions such as the
Guyana shield, Brazilian shield, and Rio de la Plata craton (Fig. 1C).
The onshore sedimentary sinks are situated in forearc and retroarc
structural settings, with retroarc foreland basins and hinterland basins
(Figs. 1C and 2) containing the most robust stratigraphic archives of
Mesozoic-Cenozoic sediment accommodation. Retroarc sedimentary
basins generated during Andean shortening were governed by litho-
spheric flexure with the additional influence of dynamic subsidence and
ponding in topographic lows of closed drainage systems.

The Andean foreland basin system includes a thick, eastward-ta-
pering accumulation of clastic sedimentary fill, as defined by Cenozoic-
Cretaceous isopach contours (Fig. 1C) and regional structural cross
sections (Fig. 2). This low-elevation (< 500 m) basin system commonly
exhibits a recognizable foredeep depocenter between the Andean thrust
front and distal forebulge. The Andean forebulge is a broad basement
high that is largely buried by younger basin fill with little or no topo-
graphic expression, but is delimited by gravity data, geoid anomalies,
and sediment thickness values (Fig. 1C) (Watts et al., 1995; Horton and
DeCelles, 1997; Ussami et al., 1999; Chase et al., 2009; DeCelles, 2012;
Nivière et al., 2013; Folguera et al., 2015). An additional proximal zone
of foreland accommodation is preserved in wedge-top and piggyback
basins atop the frontal sectors of the fold-thrust belt, with higher-ele-
vation hinterland basins positioned farther west between the magmatic
arc and the frontal fold-thrust belt (Horton, 1998, 2005, 2012; Sobel
et al., 2003; Gillis et al., 2006; Mosolf et al., 2011; Murray et al., 2010;
Carrapa et al., 2012).

Similar to most contractional orogens, cratonward advance of the
Andean thrust front has led to the structural incorporation of older
components of the foreland basin system into the propagating fold-
thrust belt. The retroarc foreland basin system spans the length of the
Andes and incorporates many individually named basin segments
(Fig. 1, basins 1–8) of Venezuela (Barinas-Apure), Colombia (Llanos,
Putumayo), Ecuador (Oriente), Peru (Marañon, Santiago, Huallaga,
Ucayali, Ene-Camisea), Brazil (Solimões, Acre), Bolivia (Madre de Dios,
Beni, Chaco), and Argentina (Cuyo, Neuquén, San Jorge, Rio Mayo,
Magallanes-Austral, and offshore Argentine and Malvinas basins). Al-
though more restricted in their areal extent, current retroarc hinterland
basins of the northern and central Andes include structurally com-
partmentalized basins (Fig. 1, basins 9–13) of the Magdalena Valley,
Interandean Valley, Cordillera Blanca, and Altiplano-Puna plateau.

Andean basins encompass diverse structural geometries and tectonic
styles, as depicted in representative regional cross sections (Fig. 2).
Structural and geophysical evidence of significant shortening
(> 150–300 km) and crustal thickening (> 50–70 km deep Moho) in
the central Andes (Fig. 2A) contrasts with limited shortening
(< 50–150 km) and moderate crustal thickening (< 50 km deep
Moho) in the northern and southern Andes (Fig. 2B and C) (Kley, 1996;
Ramos et al., 1996; Baby et al., 1997; Kley and Monaldi, 1998; Kley
et al., 1999; McQuarrie, 2002a, 2002b; McQuarrie et al., 2008b, 2005;
Mora et al., 2006, 2013; Oncken et al., 2006, 2013; Espurt et al., 2008;
Klepeis et al., 2010; Fosdick et al., 2011; Giambiagi et al., 2012, 2016b;

Orts et al., 2012, 2015; Eichelberger et al., 2013, 2015; Ghiglione et al.,
2014; Betka et al., 2015; Eude et al., 2015; Perez et al., 2016b). The
basins also span regions of contrasting slab configuration, with a
moderately dipping subduction zone for the central and southern pro-
files (Fig. 2A and C) versus a flat-slab geometry for the northern profile
(Fig. 2B).

3. Basin genesis during plate convergence

Although Andean stratigraphic records attest to sediment accumu-
lation in forearc, hinterland, and retroarc foreland settings (Fig. 2), the
specific structural settings, basin geometries, and subsidence mechan-
isms reflect a wide range of tectonic processes along ocean-continent
convergent plate margins (Fig. 3). Several structural configurations and
modes of sediment accommodation operate in forearc and retroarc
basins, including compressional, tensional, strike-slip, and neutral
stress regimes. Accurate reconstruction of Andean orogenesis largely
hinges on accurate delineation of the temporal and spatial histories of
the sedimentary basins and their associated tectonic regimes.

3.1. Plate interface and forearc processes

Before considering the better known retroarc regions, it is in-
structive to outline the activities along the plate interface and forearc
region. Several processes are possible near the plate interface during
subduction of oceanic lithosphere (Fig. 3A–C). First, along continental
margins with a backarc basin floored by either attenuated continental
crust or newly created oceanic crust, initial shortening may result in
thrust emplacement of a fringing or off-edge magmatic arc (Fig. 3A).
This is best expressed in the southernmost Andes, where initial Andean
shortening induced thrust closure of the Early Cretaceous Rocas Verdes
basin, with eastward emplacement of an ophiolite sequence and con-
solidation of early forearc, arc, and backarc assemblages (Dalziel, 1986;
Wilson, 1991; Fosdick et al., 2011; Ghiglione et al., 2014, 2016a;
Calderón et al., 2016). A similar case has been made for the northern
Andes, with Early Cretaceous slab rollback and basin development
followed by closure and thrust emplacement of transitional to oceanic
crust (Peltetec unit; Spikings et al., 2015). Second, accretion of con-
siderable oceanic material beyond minor continuous offscraping of
material in the accretionary prism may occur through obduction and/or
underplating to the forearc crust of buoyant seamounts, aseismic ridges,
or oceanic plateaus (Fig. 3B). This mode of accretion has been invoked
for pre-Late Cretaceous collision of assorted oceanic materials in the
northern Andes of Ecuador and Colombia (Mégard, 1987; Aspden and
Litherland, 1992; Litherland et al., 1994). Third, the collision of a re-
latively far-traveled oceanic plateau and/or island arc above an
oceanward dipping subduction zone could induce basin closure along a
passive continental margin (Fig. 3C). Although more speculative,
emerging evidence from the northern Andes suggests such a scenario
during Late Cretaceous accretion of the Caribbean oceanic plateau or
large igneous province (Caribbean Large Igneous Province), prior to the
establishment of a continent-dipping subduction zone (Kerr et al., 2002;
Vallejo et al., 2017; Spikings et al., 2015).

During plate convergence, forearc basins are variably subjected to
shortening, stasis, extension, or strike-slip modes of deformation
(Fig. 3D–F). Forearc compression generates a basin related to thrust or
reverse faults that induce flexural subsidence (Fig. 3D), as observed in
the late Cenozoic northern and central Chilean forearc (Muñoz and
Charrier, 1996; Charrier et al., 2007; Armijo et al., 2010; Farías et al.,
2005, 2010). Neutral stress conditions in the forearc (Fig. 3E) promote
ponding of sediment in a topographic low between the accretionary
prism and magmatic arc, as expressed in the early Cenozoic record of
central and northern Chile (Mpodozis and Cornejo, 2012; Horton et al.,
2016). The forearc may also be governed by fault-induced subsidence
during extension orthogonal to the plate margin (Fig. 3F), possibly
driven by slab rollback. This situation has been proposed for the mid-
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Cenozoic Abanico basin of central Chile (Charrier et al., 2002;
Mpodozis and Cornejo, 2012) and segments of the Peruvian forearc
(Noury et al., 2016, 2017; Alván et al., 2017). Although emphasis is
placed on orthogonal plate motions, oblique convergence (Fig. 3F)
generally results in strain partitioning and strike-slip deformation fo-
cused in the forearc and/or magmatic arc (e.g., Fitch, 1972). Late
Cenozoic examples of such strike-slip faulting focused along western-
most arc to forearc regions include the Liquiñe-Ofqui fault in central
Chile (Cembrano et al., 1996; Thomson, 2002; Rosenau et al., 2006)
and the Guayaquil pull-apart basin of western Ecuador (Trenkamp
et al., 2002; Witt et al., 2006; Nocquet et al., 2014).

3.2. Retroarc processes

Sediment accommodation in retroarc regions (Fig. 3G–J) is largely
controlled by flexural subsidence during thrust loading, (2) dynamic
subsidence related to mantle flow, (3) internal drainage in closed to-
pographic basins, or (4) extensional fault motion and subsequent
thermal subsidence (Lawton, 1994, 2008; DeCelles and Giles, 1996;

Catuneanu, 2004; Miall et al., 2008; Aschoff and Steel, 2011; DeCelles,
2012; Horton, 2012; Sinclair, 2012).

Retroarc shortening and growth of an orogenic wedge induces re-
gional flexure and genesis of a four-part foreland basin system defined
by wedge-top, foredeep, forebulge, and backbulge depozones (Fig. 3G)
(DeCelles and Giles, 1996). This framework is well developed in central
Andean regions with substantial shortening and crustal thickening
(Horton and DeCelles, 1997; Horton et al., 2001; DeCelles and Horton,
2003; Roddaz et al., 2005a, 2010). Variants of this configuration
(Fig. 3H) involve (1) isolated hinterland basins between the magmatic
arc and the fold-thrust belt (Beer et al., 1990; Horton et al., 2002;
Carlotto et al., 2005; Murray et al., 2010; Horton, 2012; Carlotto,
2013), (2) narrow piggyback or intermontane basins within the fold-
thrust belt (Noblet et al., 1988; Marocco et al., 1995; Horton, 1998,
2005; Mosolf et al., 2011; Suriano et al., 2015), and (3) a broken
foreland basin in which large basement-cored uplifts partition the ori-
ginal foreland basin into separate entities (Jordan, 1995; Vergés et al.,
2007; Ramos, 2009). These conditions are best expressed in the late
Cenozoic record of west-central Argentina in the Sierras Pampeanas

A D G

B E H

C F I

J

Fig. 3. Schematic block diagrams showing the range of tectonic processes and basin structural settings along an ocean-continent convergent margin, with emphasis on (A–C) plate
interface, (D–F) forearc, and (G–J) retroarc processes; (A) thrust emplacement of fringing magmatic arc with closure of backarc basin; (B) accretion of oceanic material to continental
margin by obduction and/or underplating; (C) collision of island arc or oceanic plateau along oceanward-dipping subduction zone; (D) forearc shortening with thrust-bounded forearc
basin; (E) neutral-stress forearc basin; (F) forearc extension/transtension with fault-bounded forearc basin; (G) retroarc shortening with flexural foreland basin system consisting of
wedge-top, foredeep, forebulge, and backbulge depozones; (H) retroarc shortening with flexure in broken foreland basin and piggyback to hinterland basins across fold-thrust belt; (I)
neutral-stress retroarc regime with basin abandonment during thrust inactivity and no flexural accommodation; and (J) retroarc postextensional (postrift) thermal sag basin succeeding
extensional (synrift) basin.
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(Pampean) zone of flat slab subduction (Fig. 1) (e.g., Bermejo and as-
sociated basins; Jordan et al., 1983, 2001b; Vergés et al., 2001; Ramos
et al., 2002; Levina et al., 2014; Capaldi et al., 2017).

In the midst of contractional orogenesis, a potential hiatus in
shortening may result in an interruption of foreland flexural sub-
sidence, possible isostatic rebound in proximal basin sectors, and re-
gional transport across an inactive basin (Fig. 3I) (e.g., Heller et al.,
1988; Legarreta and Uliana, 1991). This abandonment scenario is ex-
emplified in the Neuquén basin of Argentina (Horton and Fuentes,
2016; Horton et al., 2016) and Middle Magdalena Valley basin of Co-
lombia (Gómez et al., 2003, 2005), with cessation of shortening and
development of a regional unconformity (~5–20 Myr hiatus) across the
basin. A recent example may be defined for the southernmost Andes,
where limited shortening and sediment bypass since ~15 Ma across
parts of the Magallanes-Austral basin has resulted in rapid accumula-
tion restricted to the distal offshore Argentine and Malvinas basins
(Ghiglione et al., 2016b). Finally, in extensional to neutral retroarc
systems, initial (synrift) normal faulting may create isolated subbasins
succeeded by later (postrift) sag basins during postextensional thermal
subsidence (Fig. 3J). Many such precursor (pre-Andean) basins are
entailed in the Late Triassic–Early Cretaceous history of synextensional
accumulation east of the magmatic arc prior to regional Andean
shortening (e.g., Llanos, Neuquén, and Magallanes-Austral basins;
Cooper et al., 1995; Ramos and Aleman, 2000; Horton et al., 2010,
2016).

4. Retroarc stratigraphic successions

Retroarc stratigraphic records along the length of the Andean oro-
genic belt (Fig. 1) reveal fundamental components of Cretaceous-Cen-
ozoic basin evolution. A review of well-exposed successions from the
central and southern Andes (Fig. 4) provides two representative field
case studies (Section 4.1). These examples lay the groundwork for a
generalized regional compilation (Section 4.2) of the stratigraphic no-
menclature, unit thicknesses, dominant lithologies, depositional con-
ditions, and available chronologic data, which highlight temporal and
spatial patterns across multiple retroarc foreland (Fig. 5A) and hinter-
land (Fig. 5B) basins.

4.1. Representative basins

Mesozoic-Cenozoic stratigraphic columns from two localities in the
southern Andes (Neuquén basin, Argentina) and central Andes (Eastern
Cordillera, Bolivia) illustrate several salient features of Andean retroarc
basins. In the southern Andes, deposits of the northern Neuquén basin
in the Malargüe fold-thrust belt of west-central Argentina (Fig. 1, basin
7) span the Late Triassic-Jurassic through Neogene (Fig. 4A), making it
one of the longest duration records in the Andes. From a basal angular
unconformity on Permo-Triassic intrusive and extrusive igneous rocks
(Choiyoi Group), the ~7 km thick succession (Fig. 4B) consists of
principally marine Mesozoic facies (shale, sandstone, and subordinate
evaporite and carbonate of the Precuyo, Cuyo, Lotena, Mendoza, and
Rayoso Groups) capped by an upward-coarsening Upper Creta-
ceous–Cenozoic section of nonmarine shale, sandstone, and conglom-
erate (Neuquén and Malargüe Groups, Pircala, Coihueco, Agua de la
Piedra, Loma Fiera, and Tristeza Formations). A post-Early Cretaceous
unconformity at the base of the Neuquén Group marks a shift to coarse-
grained nonmarine sedimentation. A major Paleogene hiatus
(~40–20 Ma) is represented by a highly condensed section (< 2–20 m
thick) or disconformity demarcated by a distinctive regional conglom-
erate (termed the “Rodados Lustrosos”) composed of resistant, well-
rounded, polished clasts with highly weathered, oxidized, and desert
varnished surfaces (Groeber, 1951; Horton and Fuentes, 2016). In lower
stratigraphic levels, a thick Lower Jurassic section is genetically asso-
ciated with extensional subbasins bounded by normal faults (Giambiagi
et al., 2012; Mescua et al., 2014). Upsection, a regionally extensive

Middle Jurassic–Early Cretaceous interval is attributed to postexten-
sional thermal subsidence (Manceda and Figueroa, 1995; Horton et al.,
2016). Above this stratigraphic discontinuity, in upper stratigraphic
levels, a thick Neogene clastic interval is capped by coarse-grained
fluvial to alluvial fan facies containing growth strata and local angular
unconformities generated by nearby fold-thrust structures (Giambiagi
et al., 2008; Boll et al., 2014; Fuentes et al., 2016).

Collectively, the Neuquén stratigraphic succession chronicles a
progressive history of initial Mesozoic extension, postextensional
thermal subsidence, then a significant transition to Late Cretaceous-
Cenozoic flexural subsidence in a foreland basin characterized by a
single major Paleogene hiatus (Fig. 4A). A relatively low-magnitude of
shortening (< 15–45 km) across the affiliated fold-thrust belt
(Kozlowski et al., 1993; Manceda and Figueroa, 1995; Folguera et al.,
2006; Turienzo, 2010; Giambiagi et al., 2012; Mescua et al., 2014;
Folguera et al., 2015b; Fuentes et al., 2016) is consistent with a com-
paratively limited eastward migration of the Malargüe foreland basin
system. Sedimentation ceased in Pliocene-Quaternary time as the basin
was structurally partitioned by the activation of a basement-involved
foreland uplift (San Rafael block; Fig. 2C), potentially linked to a shift
in the dynamics of the subducting Nazca slab and attendant magmatic
effects (Ramos and Folguera, 2009, 2011; Folguera et al., 2009).

In the central Andes of Bolivia, a ~3 km thick Upper Cretaceous-
Cenozoic succession exposed in the Eastern Cordillera province of the
Andean fold-thrust belt (Fig. 1, basin 5) rests unconformably on lower
Paleozoic marine strata (Fig. 4C). The deposits of this succession tran-
sition upward from mixed marine and nonmarine clastic and carbonate
facies into a thick coarse-grained nonmarine section, which is preserved
across a series of Eastern Cordillera structures (Fig. 2A; Horton, 2005)
and is particularly well exposed in the Camargo Syncline (Fig. 4D). The
lowermost stratigraphic levels include regionally extensive marine
Maastrichtian-lower Paleocene deposits spanning the Western Cordillera,
Altiplano, and Eastern Cordillera (Welsink et al., 1995; Sempere et al.,
1997; Mpodozis et al., 2005). A major Paleogene hiatus is defined by a
poorly dated condensed interval (< 20–80 m thick) distinguished by a
series of stacked well-developed paleosol horizons within nonmarine
sandstone and mudrock host units. Above this discontinuity, a> 2.5 km
thick upward coarsening clastic interval is marked by sandstone and
conglomerate of distal fluvial to proximal megafan systems in an ad-
vancing foreland basin system (Horton and DeCelles, 1997, 2001).

The Eastern Cordillera succession of Bolivia registers a latest
Cretaceous-Paleocene history of fine-grained regional sedimentation re-
lated to low-magnitude thermal, dynamic, or distal flexural subsidence
followed by an important hiatus, then pronounced flexure in a foreland
basin. Substantial east-west shortening of> 200–300 km across this part
of the central Andes (Kley, 1996; Baby et al., 1997; Kley et al., 1997; Kley
and Monaldi, 1998; McQuarrie, 2002a, 2002b; McQuarrie et al., 2005;
Eichelberger et al., 2013, 2015; Anderson et al., 2017) requires that the
fold-thrust belt and adjacent foreland basin of Bolivia have propagated
dramatically eastward during Cenozoic shortening. Such large-scale
horizontal advance of the Andean topographic load and resulting cross-
sectional flexural subsidence profile toward the craton has several im-
plications. First, this scenario suggests that the earliest evidence of
shortening-induced sedimentation may be preserved only in the most-
distal (backbulge) zones of the foreland basin. Second, major strati-
graphic gaps could be the product of erosion or nondeposition in a
forebulge setting. Third, the modern Chaco foreland basin (Figs. 1 and
2A) appears to be the final expression of a long-lived process and
therefore contains only the youngest stage of the complete Andean
orogenic history (e.g., Horton and DeCelles, 1997; DeCelles and Horton,
2003; Uba et al., 2006; DeCelles et al., 2011; Calle et al., 2018).

Comparison of the two representative retroarc basins of the
southern and central Andes highlights several themes. Both basins are
similarly characterized by upward coarsening successions displaying
(1) a stratigraphic transition from marine to nonmarine depositional
conditions, (2) an appreciable hiatus within the Paleogene nonmarine
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interval, and (3) a principally Neogene upper interval of proximal
coarse-grained fluvial to alluvial fan facies closely associated with fold-
thrust structures (growth strata). One prime difference is the presence
or absence of a substantial precursor stratigraphic interval produced by

earlier growth of extensional subbasins (synrift phase) and a post-
extensional thermal sag (postrift phase). The details of such precursor
records (generally referred to as pre-Andean), in terms of their pre-
sence, thickness, and spatial distribution, are critical in evaluating the

A C

D

B

Fig. 4. Composite Mesozoic-Cenozoic stratigraphic sections and photographs of representative Andean retroarc basins showing stratigraphic nomenclature, lithology, thickness, age, and
tectonic setting. (A) Stratigraphic section and (B) photograph of the northern Neuquén basin, Argentina (after Horton et al., 2016). (C) Stratigraphic section and (D) photograph of
foreland basin fill in the Eastern Cordillera, Bolivia (after Horton and DeCelles, 2001; DeCelles and Horton, 2003). For both localities, note the basal unconformity and Paleogene
stratigraphic hiatus in lower levels of foreland basin fill.

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

286



VV V

G
ua

da
lu

pe
 F

m
.

(5
00

 m
)

C
hi

pa
gu

e 
Fm

.
(5

00
 m

)
U

ne
 F

m
. (

11
00

 m
)

Fo
m

eq
ue

 F
m

.
 (8

00
 m

)
Ju

nt
as

 F
m

. 
(6

00
 m

)
G

aq
ue

za
 G

p.
(1

50
0 

m
)

N
ap

o 
Fm

.
(3

00
 m

)
H

ol
lin

 F
m

.
(1

00
 m

)

C
aj

on
es

 F
m

.
(1

00
 m

)

MIOCENE OLIGOCENE EOCENE PALEOCENEPlio.-
Quat.

AG
E

(M
a)

23
 M

a

65
 M

a

34
 M

a

37
 M

a

28
 M

a

49
 M

a

56
 M

a

62
 M

a

16
 M

a

12
 M

a

5 
M

a

CRETACEOUSL EL M E L M E EL EL

10
0 

M
a

Em
bo

ro
zu

 F
m

.
(1

80
0 

m
)

G
ua

nd
ac

ay
 F

m
.

(1
20

0 
m

)
C

ha
rq

ui
 

Fm
.

(1
50

0 
m

)

Q
ue

nd
eq

ue
 

Fm
.

(5
00

 m
)

M
az

uk
o 

Fm
.

(5
00

 m
)

Pe
ta

ca
 F

m
.

(2
00

 m
)

Ye
cu

a 
Fm

.
(4

00
 m

)

Ta
riq

ui
a 

Fm
.

(3
30

0 
m

)

Ba
rc

o 
&

Lo
s 

C
ue

rv
os

Fm
s.

(7
00

 m
)

M
ira

do
r 

Fm
.

(2
00

 m
)

C
ar

bo
ne

ra
 F

m
.

C
1-

C
7 

M
br

s.
(3

00
0 

m
)

G
ua

ya
bo

 
Fm

.
(1

20
0 

m
)

   
 L

LA
N

O
S

(C
ol

om
bi

a)
   

  O
R

IE
N

TE
(E

cu
ad

or
)

   
 U

C
AY

AL
I

(P
er

u)
   

 M
AD

R
E 

D
E

D
IO

S 
(N

. B
ol

iv
ia

)

   
C

H
AC

O
(A

rg
en

tin
a,

 
S.

 B
ol

iv
ia

)

Te
na

Fm
.

(5
00

 m
)

Ti
yu

ya
cu

 
Fm

.
(4

00
 m

)

C
ha

lc
an

a 
Fm

.
(4

00
 m

)

Ar
aj

un
o

Fm
.

(8
00

 m
)

C
ha

m
bi

ra
& 

M
er

a 
Fm

s.
(~

80
0 

m
)

O
rte

gu
az

a 
Fm

.
(2

00
 m

)

 H
uc

hp
ay

ac
u 

(Y
ah

ua
ra

ng
o)

 F
m

.
(8

00
 m

)

C
ha

m
bi

ra
 F

m
.

(2
00

 m
)

Pe
ba

s
Fm

.
(4

00
 m

)

Ip
ur

ur
o 

Fm
.

(5
00

 m
)

Po
zo

 F
m

.

(4
00

 m
)

An
to

in
e 

et
 a

l.,
 2

01
5

Ku
m

m
el

, 1
94

8
H

or
to

n 
et

 a
l.,

 2
01

0
Pa

rra
 e

t a
l.,

 2
01

0
Pa

rra
 e

t a
l.,

 2
00

9a
M

or
a 

et
 a

l.,
 2

00
6

Ja
illa

rd
, 1

99
7

D
as

hw
oo

d 
an

d
   

Ab
bo

tts
, 1

99
0

C
am

pb
el

l, 
19

70

H
ua

ya
ba

m
ba

 F
m

.
(6

00
 m

)

C
ar

bo
ne

ra
 F

m
.

C
8 

M
br

.
(2

00
 m

)

C
al

le
 e

t a
l.,

 2
01

8
Ec

ha
va

rri
a 

et
 a

l.,
   

20
03

R
ic

ca
rd

i, 
19

88

Lo
ut

er
ba

ch
, 2

01
4

H
er

m
oz

a,
 2

00
4

C
ac

hi
ya

cu
 F

m
.

(1
00

 m
)

C
ho

nt
a/

V i
vi

an
 F

m
.

(6
00

 m
)

C
ac

hi
ya

cu
 F

m
.

(1
00

 m
)

C
ho

nt
a/

Vi
vi

an
 F

m
.

(6
00

 m
)

   
  M

AG
AL

LA
N

ES
(S

. A
rg

en
tin

a)

Fo
sd

ic
k 

et
 a

l.,
 2

01
5

G
hi

gl
io

ne
 e

t a
l.,

 2
01

4
Fi

ld
an

i a
nd

 H
es

sl
er

, 2
00

5
W

ils
on

, 1
99

1

H
or

to
n 

et
 a

l.,
 2

01
6

Tu
rie

nz
o,

 2
01

0
Fo

lg
ue

ra
 e

t a
l.,

 
   

20
06Ag

ua
 d

e 
la

Pi
ed

ra
 F

m
.

(1
20

0 
m

)

Lo
m

a 
Fi

er
a 

Fm
. 

(5
00

 m
)

T r
is

te
za

 F
m

.
(4

00
 m

)

N
eu

qu
en

G
p.

(1
00

0 
m

)

   
  N

EU
Q

U
EN

 
(C

. A
rg

en
tin

a)

C
oi

hu
ec

o 
Fm

.
(1

50
 m

)

Pi
rc

al
a 

Fm
.

(2
00

 m
)

Lo
nc

oc
he

-R
oc

a
Fm

. (
15

0 
m

)

R
io

 L
eo

na
 F

m
.

(5
00

 m
)

25
 d

e 
M

ay
o 

Fm
.

(3
00

 m
)

Sa
nt

a 
C

ru
z 

Fm
.

(3
00

 m
)

R
io

 T
ur

bi
o 

Fm
.

(8
00

 m
)

D
or

ot
ea

 F
m

.
(8

00
 m

)

M
en

do
za

 a
nd

R
ay

os
o 

G
ps

.
(7

00
 m

)

Va
lle

ci
to

Fm
.

(5
00

 m
)

C
ie

na
ga

 d
el

R
io

 H
ua

co
 F

m
.

(3
00

 m
)

   
 B

ER
M

EJ
O

 
(N

. A
rg

en
tin

a)

Pu
es

to
 L

a 
Fl

ec
ha

 F
m

.
(1

00
 m

)

Fo
sd

ic
k 

et
 a

l.,
 2

01
7

Ja
pa

s 
et

 a
l.,

 2
01

6
Jo

rd
an

 e
t a

l.,
 2

00
1b

Jo
rd

an
 e

t a
l.,

 1
99

3

M
og

na
 F

m
.

R
io

 J
ac

ha
l F

m
.

Q
ue

br
ad

a
de

l C
ur

a 
Fm

.
R

io
 S

al
ad

o 
Fm

. 
(6

00
0 

m
)

A

O
rie

nt
e 

Fm
.

(7
00

 m
)

M
is

ah
ua

lli 
M

br
.

C
ha

pi
za

 F
m

.
(5

00
 m

)

Ar
aj

un
o

Fm
.

Za
pa

ta
 F

m
.

(5
00

 m
)

Tr
es

 P
as

os
 F

m
.

(7
00

 m
)

C
er

ro
 T

or
o 

Fm
.

(2
00

0 
m

)
Pu

nt
a 

Ba
rro

sa
 F

m
.

(6
00

 m
)

1
2

3
4

5
8

7
6

La
 L

un
a/

U
m

ir 
Fm

.
 (1

00
0 

m
)

Si
m

iti
 F

m
.

(4
00

 m
)

Pa
ja

/T
ab

la
zo

 F
m

.
(6

00
 m

)
Ta

m
bo

r F
m

.
(3

00
 m

)
R

os
ab

la
nc

a 
Fm

.
(3

00
 m

)

Sa
nt

a 
Lu

ci
a 

Fm
.

(2
00

 m
)

Po
to

co
 

Fm
.

(5
00

0 
m

)

Sa
nt

a 
Ba

rb
ar

a 
Su

bg
ro

up

C
as

a 
G

ra
nd

e 
Fm

.
(8

00
 m

)

Li
sa

m
a 

Fm
.

(1
00

0 
m

)

La
 P

az
 

Fm
.

(1
10

0 
m

)

Q
ui

ng
eo

 F
m

.
(1

20
0 

m
)

MIOCENE OLIGOCENE EOCENE PALEOCENEPlio.-
Quat.

AG
E

(M
a)

23
 M

a

65
 M

a

34
 M

a

37
 M

a

28
 M

a

49
 M

a

56
 M

a

62
 M

a

16
 M

a

12
 M

a

5 
M

a

El
 M

ol
in

o 
Fm

.
(3

00
 m

)

C
hi

nc
hi

n 
Fm

.
vo

lc
an

ic
 ro

ck
s

(3
50

0 
m

)

C
al

ip
uy

 F
m

.
vo

lc
an

ic
 ro

ck
s

(1
00

0 
m

)

Ba
lb

ue
na

 
Su

bg
ro

up
 (2

00
 m

)

Pa
n 

de
 

Az
uc

ar
 F

m
.

(2
00

 m
)

Si
je

s 
Fm

.
(2

00
 m

)

U
m

al
a 

Fm
.

(5
00

 m
)

To
to

ra
  

Fm
.

(3
00

0 
m

)

C
ru

ce
ro

 F
m

.
(2

00
0 

m
)

R
io

 G
ra

nd
e 

Fm
.

(2
00

0 
m

)

Pi
su

ng
o 

Fm
.

(2
00

0 
m

)

Lo
yo

la
-A

zo
gu

es
 

Fm
. (

90
0 

m
)

Es
m

er
al

da
s 

Fm
.

(1
10

0 
m

)

M
ug

ro
sa

 
Fm

.
(8

00
 m

)

M
es

a 
Fm

.
(6

00
 m

)

C
ol

or
ad

o 
Fm

.
(1

20
0 

m
)

Tu
ri 

Fm
. (

45
0 

m
)

M
an

ga
n 

Fm
.

(1
20

0 
m

)

Ll
oc

lla
 F

m
.

(1
30

0 
m

)

R
ea

l 
Fm

.
(1

80
0 

m
)

C
on

iri
 

Fm
.

(2
00

0 
m

)

Bi
bl

ia
n 

Fm
.

(3
00

 m
)

   
  M

AG
D

AL
EN

A
VA

LL
EY

(C
ol

om
bi

a)

   
   

 C
U

EN
C

A
(In

te
ra

nd
ea

n 
Va

lle
y,

 E
cu

ad
or

)

   
   

C
O

R
D

IL
LE

R
A

BL
AN

C
A

(P
er

u)
   

   
  A

LT
IP

LA
N

O
 

(B
ol

iv
ia

)
   

   
TR

ES
 C

R
U

C
ES

(P
un

a,
 A

rg
en

tin
a)

V V V V V V

V V V

V V V V V V V V V V V

V V V V V V VV V V V V V
V V VV V V V V V V V V V V V V V

Sa
nt

a 
Lu

ci
a 

Fm
.

(2
00

 m
)

Po
to

co
 

Fm
.

(5
00

0 
m

)

(5
00

 m
)

C
as

a 
G

ra
nd

e 
Fm

.
(8

00
 m

)

Li
sa

m
a 

Fm
.

(1
00

0 
m

)

La
 P

az
 

Fm
.

(1
10

0 
m

)

Q
ui

ng
eo

 F
m

.
(1

20
0 

m
)

CRETACEOUSL EL M E L M E EL EL

10
0 

M
a H
or

to
n 

et
 a

l.,
 2

01
5a

N
ie

 e
t a

l.,
 2

01
2

C
ab

al
le

ro
 e

t a
l.,

 2
01

0
G

óm
ez

 e
t a

l.,
 2

00
5

Sc
he

rre
nb

er
g 

et
   

al
., 

20
12

G
io

va
nn

i e
t a

l.,
 2

01
0

Bo
nn

ot
 e

t a
l.,

 1
98

8

Ja
illa

rd
 e

t a
l.,

 2
00

8
H

un
ge

rb
üh

le
r 

   
et

 a
l.,

 2
00

2
Ba

ud
in

o,
 1

99
5

Si
ks

 a
nd

 H
or

to
n 

20
11

M
ar

qu
illa

s 
et

 a
l. 

20
05

C
ou

ta
nd

 e
t a

l.,
 2

00
1

Bo
ll 

& 
H

er
ná

nd
ez

, 1
98

6

H
or

to
n 

et
 a

l.,
 2

00
1

La
m

b 
an

d 
H

ok
e,

 1
99

7
Se

m
pe

re
 e

t a
l.,

 1
99

7
M

ar
sh

al
l e

t a
l.,

 1
99

2

Pi
rg

ua
 

Su
bg

ro
up

(1
20

0 
m

)

Ar
oi

fil
la

-C
ha

un
ac

a 
Fm

. (
50

0 
m

)

Sa
ra

gu
ro

 F
m

.
vo

lc
an

ic
 ro

ck
s

(5
00

 m
)

Y u
ng

ui
lla

 G
p.

(2
00

0 
m

)

B

Ju
m

as
ha

 F
m

.
(1

50
0 

m
)

Ta
ra

pa
ya

-
M

ira
flo

re
s 

Fm
.

(1
00

 m
)

C
on

do
 F

m
.

(3
00

 m
)

G
oy

lla
ris

qu
iz

ga
 G

p.
(1

20
0 

m
)

O
yó

n 
Fm

.
(7

00
 m

)

V V V

local shortening
(growth strata) volcanism

local
extension nonmarine shale marine shale hinterland clastics foreland clastics hiatus

angular
unconformity

12
13

11
10

9

A
N

D
E

A
N

 F
O

R
E

LA
N

D
 B

A
S

IN
S

A
N

D
E

A
N

 H
IN

T
E

R
LA

N
D

 B
A

S
IN

S

Le
on

Fm
.

(4
00

 m
)

V V V

Fi
g.

5.
C
om

pa
ra
ti
ve

ch
ro
no

st
ra
ti
gr
ap

hi
c
di
ag

ra
m

sh
ow

in
g
st
ra
ti
gr
ap

hi
c
no

m
en

cl
at
ur
e,

ag
e,

th
ic
kn

es
s,

lit
ho

lo
gy

,
de

po
si
ti
on

al
se
tt
in
g,

st
ra
ti
gr
ap

hi
c
di
sc
on

ti
nu

it
ie
s
(u
nc

on
fo
rm

it
ie
s
an

d
hi
at
us
es
)
an

d
as
so
ci
at
ed

lo
ca
l
de

fo
rm

at
io
n
fo
r
(A

)
8
A
nd

ea
n

fo
re
la
nd

ba
si
ns

an
d
(B
)
5
A
nd

ea
n
hi
nt
er
la
nd

ba
si
n
lo
ca
lit
ie
s.

M
ap

lo
ca
ti
on

s
of

13
ba

si
n
lo
ca
lit
ie
s
sh
ow

n
in

Fi
g.

1.

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

287



role of inherited stratigraphic geometries in guiding later shortening
(e.g., Stockmal et al., 2007; Sinclair, 2012; Chapman and DeCelles,
2015). A second major difference concerns the magnitude of horizontal
shortening and lateral migration of the retroarc foreland basin. High-
shortening segments of the orogenic belt are invariably susceptible to
large-scale cratonward advance of deformation, potentially far beyond
the original flexural wavelength of the initial flexural basin (e.g.,
DeCelles and DeCelles, 2001; Christophoul et al., 2003; Ford, 2004;
Hilley and Strecker, 2004; Uba et al., 2009). In contrast, low-shortening
regions with limited propagation of the topographic load result in re-
latively stationary forebulges (e.g., Fosdick et al., 2014; Folguera et al.,
2015a, 2015b). Both of these topics—the role of precursor pre-Andean
basins and the magnitude of Andean shortening—are considered es-
sential to accurate interpretation of the retroarc stratigraphic record.

4.2. Regional stratigraphic framework

Compilation of the Mesozoic-Cenozoic stratigraphic archives from
numerous sources enables a comparison of 13 representative retroarc
basins along the length of the Andes (Fig. 5). Eight foreland segments
include, from north to south, the Llanos, Oriente, Ucayali, Madre de
Dios, Chaco, Bermejo, Neuquén, and Magallanes-Austral basins
(Fig. 5A, basins 1–8) (Kummel, 1948; Tschopp, 1953; Campbell, 1970;
Biddle et al., 1986; Riccardi, 1988; Dashwood and Abbotts, 1990;
Jordan et al., 1993, 2001b; Jaillard, 1997; Echavarria et al., 2003;
Hermoza, 2004; Hermoza et al., 2005; Folguera et al., 2006; Mora et al.,
2006, 2010a; Parra et al., 2009a, 2010; Horton et al., 2010, 2016;
Ghiglione et al., 2014; Louterbach, 2014; Antoine et al., 2016; Japas
et al., 2016; Fosdick et al., 2015, 2017; Calle et al., 2018). Five hin-
terland zones in the northern and central Andes include age-equivalent
strata of the Middle Magdalena Valley basin, Cuenca basin (within the
Interandean Valley of Ecuador), Callejon de Huaylas basin (adjacent to
the Cordillera Blanca), northern Altiplano, and Puna plateau (Fig. 5B,
basins 9–13) (Morales, 1958; Boll and Hernández, 1986; Bonnot et al.,
1988; Marshall et al., 1992; Baudino, 1995; Lamb and Hoke, 1997;
Sempere et al., 1997; Coutand et al., 2001; Horton et al., 2001, 2015a;
Hungerbühler et al., 2002; Gómez et al., 2005; Marquillas et al., 2005;
Jaillard et al., 2008; Caballero et al., 2010, 2013; Giovanni et al., 2010;
Nie et al., 2010, 2012; Moreno et al., 2011; Siks and Horton, 2011;
Horton, 2012; Scherrenberg et al., 2012).

The geologic column presented for each basin summarizes the
stratigraphic ages, nomenclature, thicknesses, stratigraphic dis-
continuities (unconformities and hiatuses), generalized lithologies, as-
sociated arc volcanism, and marine versus nonmarine depositional
conditions of major stratigraphic units, facilitating the recognition of
temporal and spatial patterns across 8 retroarc foreland basins (Fig. 5A)
and 5 retroarc hinterland basins (Fig. 5B). Additional information in-
cludes the estimated timespans of extension, as recorded chiefly by
basin-bounding normal faults (e.g., Marquillas et al., 2005; Mora et al.,
2006, 2009; Giovanni et al., 2010; Scherrenberg et al., 2012; Tesón
et al., 2013; Mescua et al., 2014), and the timing of local Andean
shortening provided by growth strata affiliated with fold-thrust struc-
tures in hinterland and wedge-top depozones (e.g., Jordan et al., 1993;
Zapata and Allmendinger, 1996; Gómez et al., 2005; Carrera and
Muñoz, 2008; Siks and Horton, 2011; Orts et al., 2012; Parra et al.,
2012; Perez and Horton, 2014; Horton et al., 2015b, 2016; Ramos et al.,
2015; Echaurren et al., 2016).

This orogen-scale synthesis is bound to have minor errors in stra-
tigraphic ages, owing to insufficient chronostratigraphic resolution or
time-transgressive depositional histories. Further, the composite thick-
ness values reported for individual basins are not basin-wide averages;
rather, they symbolize thicknesses for particular localities within hin-
terland basins typically defined by narrow linear depocenters and
within foreland basins that show eastward thinning, as depicted in re-
gional isopach contours (Fig. 1C; Yrigoyen, 1991). To facilitate com-
parison, the geologic columns also include interpretations of basin

tectonic setting in terms of foreland versus hinterland position.
The Lower Cretaceous to Quaternary composite stratigraphic

thickness ranges from 3.5 to 14 km, with an average of about 7 km for
all basins, roughly 6 km and 9 km in foreland and hinterland regions,
respectively (Fig. 5). Consistent with regional isopach data (Fig. 1C),
the thickest successions are observed in the northernmost Andes (Llanos
and Magdalena basins), central Andes (Chaco and Altiplano basins),
and southernmost Andes (Magallanes-Austral basin).

In terms of lithologies and depositional systems, the successions
consistently show overall upward coarsening trends, with marine facies
prevalent in Cretaceous units but restricted to rare, narrow Cenozoic
intervals. The major shift from marine to nonmarine facies principally
takes place in Maastrichtian to lower Paleocene strata, broadly con-
temporaneous with a long-term drop in eustatic sea level at ~72–61 Ma
(Miller et al., 2005; Haq, 2014). Brief marine incursions in retroarc
foreland zones have been shown for the late Eocene-Oligocene and
early-middle Miocene in the northern Andes (Fig. 5A; Llanos, Oriente,
and Ucayali basins; Santos et al., 2008; Roddaz et al., 2005a, 2010;
Jaramillo et al., 2017) and late Oligocene-early Miocene in the southern
Andes (Patagoniense seaway) (Malumián, 2002; Cuitiño and Scasso,
2010; Parras et al., 2012; Encinas et al., 2014, 2016), with additional
debated proposals for major Miocene incursions from the north (Pebas
seaway) and south (Parana seaway) that may have reached the central
Andean foreland (e.g., Räsänen et al., 1995; Hoorn et al., 1995, 2010;
Hovikoski et al., 2005; Lundberg et al., 1998; Hernández et al., 2005;
Latrubesse et al., 2007; Uba et al., 2007).

Perhaps most intriguing is the presence of significant stratigraphic
gaps in multiple retroarc foreland settings (Fig. 5A). Hiatuses spanning
roughly 10 to 30 Myr are particularly evident within the Paleogene
basin record, where they are marked by non-angular disconformities or
highly condensed intervals. Even where discontinuities are absent, the
preserved Paleogene stratigraphic section is uniformly low in thickness,
typically< 500–1000 m. These observations all point to a period of
limited accommodation within Andean retroarc regions, a key issue
that is elaborated later in this article.

Comparisons of individual foreland basin localities with their
nearest hinterland basins provide a valuable measure of the degree of
shared sedimentary history for individual cross-strike orogen-perpen-
dicular transects. For the central Andes at 14°–25°S, a considerable
discrepancy is observed in which the onset of major foreland accumu-
lation in the Chaco Plain to Madre de Dios basin was delayed until the
late Oligocene, some 20–40 Myr after initial flexural accommodation
farther west in the corresponding Altiplano and Puna hinterland pla-
teaus (Fig. 2A). Given the extreme shortening in this part of the central
Andes, this delay in accommodation may be ascribed to the large-scale
eastward advance of the fold-thrust belt and foreland basin, coupled
with uplift and erosional removal of older foreland basin deposits. This
example underscores the challenge in recognizing the true inception of
shortening and flexural accommodation in high-shortening segments of
a contractional orogen.

5. Foreland basin unconformities

Accurate detection and interpretation of stratigraphic hiatuses in
retroarc foreland basins (Miall, 2016) is fundamental to defining a
complete history of basin evolution and Andean orogenesis. Alternative
modes of unconformity genesis (Fig. 6) can be variably linked to fore-
bulge dynamics, tectonic quiescence, or local fold-thrust deformation,
with implications for subsidence mechanisms and associated deforma-
tion at local and regional scales.

Forebulges represent the flexural response to thrust-induced topo-
graphic loading, as influenced by the orogenic load geometry and me-
chanical properties of the flexed foreland lithosphere, notably the ef-
fective elastic thickness. They may form positive topographic features
susceptible to surface erosion, or broad-wavelength zones of sediment
bypass or limited accumulation. The genesis of forebulge stratigraphic
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discontinuities is regulated by the ratio between sediment supply and
accommodation generation (Fig. 6A). This value dictates foreland basin
geometry in terms of underfilled (supply > accommodation), filled
(supply = accommodation), or overfilled (supply < accommodation)
basin configurations (e.g., Flemings and Jordan, 1989; Crampton and
Allen, 1995; Currie, 1997; DeCelles, 2012).

For underfilled basins, erosion of an exposed forebulge produces an
unconformity. For filled basins, sediment bypass results in a dis-
conformity or highly condensed stratigraphic interval over the forebulge
crest. For overfilled basins, low accommodation over the buried fore-
bulge yields a condensed interval. In high-shortening segments of the
central Andes (Madre de Dios, Chaco, Altiplano, Puna basins), long-lived
stratigraphic discontinuities up to 5–20 Myr are marked by stacked pa-
leosol horizons (or supersols) up to 20–100 m thick and have been at-
tributed to forebulge genesis and migration (e.g., Horton et al., 2001;
DeCelles and Horton, 2003; Roddaz et al., 2005b; DeCelles et al., 2011;
Louterbach, 2014). These paleosols are distinguished by the preservation
of pedogenic features (glaebules, nodules, root traces, soil horizonation,
diagnostic trace fossils), the destruction of primary sedimentary struc-
tures, and the stratigraphic position between thin, fine-grained deposits
of a distal foreland basin (backbulge) below and thick coarse-grained
basin fill of proximal foredeep deposits above (Fig. 6B and C).

In addition, major stratigraphic hiatuses in foreland basins may also
denote periods of large-scale basin abandonment during thrust inactivity
and the absence of flexural accommodation. Although there remains no

strong evidence to support proposals of episodic thrusting on short
(< 105−106 yr) timescales, cases of protracted inactivity of longer
duration (> 106−107 yr) may signify cessation of thrust loading and
flexural subsidence (Fig. 6D). Rather than sediment accumulation, tectonic
quiescence should promote regional sediment bypass with development of
an abandonment or transport surface, locally marked by thin accumula-
tions of relict gravel lags composed of resistant clasts (Fig. 6E and F). This
mechanism has been interpreted for ~5–20 Myr hiatuses within foreland
basin successions of the northern Andes (Magdalena Valley and Putumayo
basins; Gómez et al., 2003; Londono et al., 2012) and southern Andes
(Neuquén basin; Horton et al., 2016; Horton and Fuentes, 2016).

In the structurally dismembered sectors of foreland basins, fold-
thrust deformation generates growth strata and local unconformities in
wedge-top and piggyback basins. These widely recognized synorogenic
features of contractional basins are defined by an upsection reduction in
stratal dip, thinning of beds toward the local structure, and common
intraformational angular discordances (Fig. 6G and H) (Riba, 1976;
Anadón et al., 1986). Growth strata are restricted to proximal basin fill
within the wavelength of individual structures (typically< 5–10 km
horizontal distances) and unequivocally demonstrate syndepositional
shortening. These features are preferable to less-direct measures of
deformation timing because they can help place exact age constraints
on shortening, as utilized in the aforementioned local and regional
syntheses (Figs. 4 and 5).

Fig. 6. Diagrams and photographs depicting the genesis of unconformities and condensed stratigraphic sections in Andean retroarc foreland basins. (A) Variations in forebulge dynamics
dictate basin configuration (underfilled, filled, overfilled) and forebulge process (erosion, transport, deposition), with examples from (B) Eastern Cordillera, Bolivia (see Horton, 2005)
and (C) Eastern Cordillera, northern Argentina (see DeCelles et al., 2011; Siks and Horton, 2011). (D) Generation of a regional hiatus across foreland basin, with examples from (E)
Neuquén basin (from Garrido et al., 2012) and (F) northern Neuquén basin, Argentina (see Horton et al., 2016). (G) Shortening-related growth strata (after Riba, 1976; Anadón et al.,
1986) and example from (H) Altiplano basin, southern Peru (reflected image; see original in Perez and Horton, 2014; Horton et al., 2015b). Age abbreviations: Cretaceous (K); Paleocene
(P); Eocene (E); Oligocene (O); and Miocene (M).
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6. Retroarc sediment accumulation

6.1. Sediment accumulation histories

A synthesis of Mesozoic-Cenozoic sediment accumulation histories
for Andean retroarc regions (Fig. 7) facilitates an orogen-scale com-
parison of the onset of major sedimentation, phases of basin subsidence,
temporal shifts in accumulation rates, and potential spatial variability.
Accumulation histories within foreland basins have proven instru-
mental in the assessment of the onset and pace of contractional or-
ogenesis and tectonic subsidence (e.g., Heller et al., 1986; Allen et al.,
2000; Xie and Heller, 2009). In the Andes, insufficient age control from
dominantly nonmarine, fossil-poor intervals has limited broader com-
parison and correlation across parts of the Cenozoic stratigraphic re-
cord. Magnetic polarity stratigraphy has provided a chronostratigraphic

framework on< 5–10 Myr timescales (e.g., Reynolds et al., 1990,
2001; Jordan, 1995; Echavarria et al., 2003), but reconstructions of
longer duration must rely on a combination of ever-improving deposi-
tional age constraints, notably from U-Pb geochronology of tuffs and
interbedded detrital materials (e.g., Fildani et al., 2003; Blisniuk et al.,
2005; DeCelles et al., 2007; Barbeau et al., 2009; Fosdick et al., 2011;
Horton et al., 2015b; Ghiglione et al., 2015; Cuitiño et al., 2016).

Here, a series of time versus thickness diagrams (Fig. 7) display the
sediment accumulation curves for 43 localities across all 13 basins (8
retroarc and 5 hinterland basins; Fig. 1) on the basis of stratigraphic
ages and thickness information from multiple published studies
(Natland et al., 1974; Biddle et al., 1986; Baby et al., 1995; Manceda
and Figueroa, 1995; Steinmann, 1997; Thomas et al., 1995;
Allmendinger et al., 1997; Marksteiner and Aleman, 1997; Cardozo and
Jordan, 2001; Echavarria et al., 2003; Navarro et al., 2005; Gómez
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Fig. 7. Time versus thickness diagrams showing undecompacted sediment accumulation histories for Andean retroarc basins, including (A) northern Andes (Llanos, Oriente, and Marañon
basins), (B) central Andes (Ene-Camisea, Madre de Dios, Chaco, and Bermejo basins), (C) southern Andes (Neuquén and Magallanes-Austral basins), and (D) Andean hinterland basins
(Magdalena Valley, Cuenca, Cordillera Blanca, Altiplano, and Puna basins). Each curve displays stratigraphic thickness for an individual basin locality (solid curves for western localities;
dashed curves for eastern localities), with inflection points (open circles) showing a shift to rapid accumulation. Color shading denotes phases of rapid accumulation in foreland (yellow)
and hinterland (purple) settings. Map locations of 13 basin localities shown in Fig. 1.
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et al., 2005; Espurt, 2007; Bayona et al., 2008; Parra et al., 2009a;
Giovanni et al., 2010; Siks and Horton, 2011; Perez and Horton, 2014;
Horton et al., 2015a, 2015b; Horton and Fuentes, 2016; Sachse et al.,
2016a, 2016b; Fosdick et al., 2017; Saeid et al., 2017).

As in most contractional mountain belts, significant diversity in
structural geometry, shortening magnitude, crustal thickness, and
overall lithospheric architecture (Fig. 2) ensures spatial variations in
the amount of topographic loading and associated flexural subsidence.
For the Andes, spatial variations in the mechanical properties of the
South American plate, including pre-conditioning through earlier at-
tenuation and inheritance of regional heterogeneities (faults, sutures,
basement fabrics), are further important in guiding subsidence patterns
(e.g., Watts et al., 1995; Ussami et al., 1999; Mora et al., 2009; Carrera
and Muñoz, 2013; Fosdick et al., 2014). Pre-Andean extension in par-
ticular has left an imprint on structural and thermal regimes by creating
Mesozoic normal faults suitable for later contractional reactivation
(e.g., Grier et al., 1991; Kley et al., 1997; Kley and Monaldi, 2002;
Deeken et al., 2006; Insel et al., 2012; Sánchez et al., 2012) and in-
ducing thermal weakening of large regions, possibly making them more
susceptible to later shortening (Isacks, 1988; Wdowinski and Bock,
1994; Pope and Willett, 1998). Nevertheless, despite these potential
complications, several discernible trends over the past 250 Myr are
apparent in different Andean segments along the length of the orogen
(Fig. 7).

6.2. Mesozoic sedimentation

A very long record of basin accumulation is defined in the northern
and southern Andes, where Mesozoic sedimentation commenced at
rapid rates and was followed by progressively diminished rates. This
pattern is expressed as concave-upward sediment accumulation curves
in time versus thickness plots (Fig. 7A and C) and is attributable to
Mesozoic backarc extension (initial fault-controlled synrift subsidence)
and subsequent postextensional sag basin conditions (postrift thermal
subsidence). The precise onset of accumulation ranges between roughly
250 and 140 Ma, consistent with the following timing disparities de-
monstrated by previous studies: (1) Triassic extension in the Marañon
and Madre de Dios basins (Jaillard et al., 1990; Baby et al., 1997;
Mathalone and Montoya, 1995; Sempere et al., 2002; Macellari and
Hermoza, 2009; Perez et al., 2016a); (2) Late Triassic-Early Jurassic
extension in the Neuquén basin (Manceda and Figueroa, 1995; Vergani
et al., 1995; Franzese and Spalletti, 2001; Howell et al., 2005); (3) Late
Jurassic-earliest Cretaceous extension in the Llanos, Magdalena, Or-
iente, and Magallanes-Austral basins (Biddle et al., 1986; Cooper et al.,
1995; Baby et al., 2004; Mora et al., 2006, 2009; Sarmiento-Rojas et al.,
2006; Sachse et al., 2016a, 2016b; Malkowski et al., 2016); and (4)
Early to mid-Cretaceous extension in the Salta rift of northernmost
Argentina, near the Puna and Bermejo basins (Grier et al., 1991; Salfity
and Marquillas, 1994; Marquillas et al., 2005; Deeken et al., 2006; Insel
et al., 2012). These diverse phases of extension were uniformly suc-
ceeded by a long period of principally neutral stress conditions and slow
thermal subsidence dictated by lithospheric cooling (Ramos and
Aleman, 2000; Jaillard et al., 2000).

After diminished Mesozoic subsidence, an abrupt Late Cretaceous-
early Paleocene increase in accumulation rates can be linked to the
inception of large-scale Andean shortening. For individual sediment
accumulation curves, a convex-upward profile with an inflection point
in time versus thickness plots defines the onset of amplified accumu-
lation (Fig. 7). The shift to rapid accumulation commenced at 70–60 Ma
in the northern Andes (Fig. 7A), in agreement with interpretations of
Maastrichtian-early Paleocene initial shortening in the Central Cordil-
lera of Colombia (Cooper et al., 1995; Gómez et al., 2003, 2005; Horton
et al., 2010; Mora et al., 2010b; Villagómez and Spikings, 2013; Reyes-
Harker et al., 2015) and its along-strike continuation to the south, the
Eastern Cordillera of Ecuador (Barragán, 1999; Aleman and Ramos,
2000; Ruiz, 2002; Baby et al., 2004; Vallejo, 2007). In the southern

Andes, accelerated accumulation commenced at ~100 Ma and per-
sisted until roughly 60 Ma (Fig. 7C). These ages match independent
estimates for shortening in the Magallanes fold-thrust belt derived from
cross-cutting structural relationships, metamorphic conditions, and
thermochronological cooling histories (Dalziel et al., 1974; Dalziel,
1981, 1986; Bruhn and Dalziel, 1977; Nelson et al., 1980; Kohn et al.,
1995). The ~100 Ma onset of shortening also coincides with a well-
documented shift in deposystems within the Magallanes-Austral basin
that has been long ascribed to earliest Andean shortening (Natland
et al., 1974; Winn and Dott, 1979; Dott et al., 1982; Biddle et al., 1986;
Wilson, 1991).

6.3. Cenozoic sedimentation

Early Andean flexural subsidence was superseded in Paleogene time
by a poorly understood phase of limited accumulation that may be the
consequence of a lull in Andean shortening. Although this phase is not
uniform in magnitude or duration, available Paleogene foreland accu-
mulation histories consistently indicate a reduction in accumulation
between roughly 60 and 20 Ma, as defined by the reduced slope of
undecompacted sediment accumulation curves in time versus thickness
plots (Fig. 7). In the southern Andes, reduced Paleogene accumulation
at roughly 60–20 Ma may represent a neutral tectonic regime across the
retroarc region (Horton and Fuentes, 2016; Horton et al., 2016), par-
tially contemporaneous with late Eocene–early Miocene extension in
hinterland to forearc provinces (Suárez and Emparan, 1995; Godoy
et al., 1999; Jordan et al., 2001a; Charrier et al., 2002; Ramos and
Folguera, 2005; Burns et al., 2006; Folguera et al., 2010; Rojas Vera
et al., 2010; García Morabito and Ramos, 2012). In the northern Andes,
reduced accumulation at roughly 50–30 Ma is discernible across the
Llanos foreland basin and parts of the Magdalena Valley hinterland
basin (Fig. 7A). Although more speculative, the middle Eocene–Oligo-
cene history of the northern Andes may also reflect, in part, diminished
shortening or neutral stress conditions, in accord with reports of ret-
roarc quiescence in Colombia (Gómez et al., 2003; Roddaz et al., 2010;
Londono et al., 2012; Mora et al., 2013) and a low-elevation, low-ex-
humation hinterland region in Ecuador (Delfaud et al., 1999; Spikings
et al., 2000; Aleman and Ramos, 2000; Christophoul et al., 2002;
Vallejo et al., 2016).

In contrast to foreland segments of the northern and southern
Andes, a Mesozoic to Paleogene record is absent from several hinterland
basins and the central Andean foreland. In the central Andes, this can
be attributed to large-magnitude shortening and cratonward advance of
the orogenic wedge, such that the present foreland localities (Fig. 5A)
were originally beyond the flexural wavelength of the early fold-thrust
belt. In hinterland areas, the missing stratigraphic record (Fig. 5B)
potentially signifies a conversion from an actively eroding sector of the
fold-thrust belt to a zone of net accommodation. This transition is re-
cognized as shift from external to internal drainage, which may be the
result of a broadening (widening) orogen and associated orographic
effects, such as aridification of a hinterland plateau (Schwab, 1985;
Horton et al., 2002; Sobel et al., 2003; Strecker et al., 2007, 2009;
Hilley and Coutand, 2010).

In what is commonly considered to be the main phase of Andean
mountain building, accumulation histories across all retroarc segments
of the northern, central, and southern Andes show rapid sedimentation
over the past 20–30 Myr (Fig. 7). The highest rates of accumulation are
observed in the central Andean foreland (Fig. 7B) and hinterland basins
of the northern and central Andes (Fig. 7D), where 3–8 km of Neogene
fill was deposited. This record denotes major flexural subsidence in
foreland settings, in agreement with structural evidence for increased
shortening rates (e.g., Elger et al., 2005; Oncken et al., 2006, 2013;
Mora et al., 2008, 2013). Enhanced accommodation in hinterland set-
tings can be linked genetically to a combination of flexure, local fault-
induced subsidence, and topographic infilling of closed drainages
within hinterland basins (Jordan and Alonso, 1987; Kennan et al.,
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1995; Marocco et al., 1995; Hungerbühler et al., 2002; Carlotto et al.,
2005; Horton, 2005, 2012; Carlotto, 2013).

7. Detrital zircon provenance and the inception of Andean
orogenesis

7.1. Synthesis of U-Pb geochronological results

A compilation of detrital zircon U-Pb geochronological results plots
(Fig. 8) reveals the key signatures indicative of the activation and
progression of Andean orogenesis. Recent technological advances in
ICPMS (inductively coupled plasma mass spectrometry) methodologies
have fueled an explosion of U-Pb geochronological applications to se-
diment provenance problems (Gehrels et al., 2008; Gehrels, 2014). The
approach is remarkably well suited for Andean sedimentary basins
because the major sediment source regions—the Andean magmatic arc,
retroarc fold-thrust belt and South American craton—yield distinctive
provenance signatures or fingerprints and can be readily distinguished
from one another (e.g., Horton et al., 2010; Nie et al., 2012; Capaldi
et al., 2017). For the Andes, recent provenance studies have focused
much effort on determining the erosional exhumation history of sedi-
ment source regions of the evolving retroarc fold-thrust belt and mag-
matic arc, with greater attention to the younger, generally Neogene,
history of Andean orogenesis (e.g., Sagripanti et al., 2011; Decou et al.,
2013; Perez and Horton, 2014; Levina et al., 2014; Anderson et al.,
2016; Ramos et al., 2015; Echaurren et al., 2016; Amidon et al., 2017;
Streit et al., 2017; Witt et al., 2017). The motivation here is to identify
the decisive switch from pre-orogenic to early orogenic provenance
signatures, thereby informing our understanding of initial mountain
building, regional paleodrainage, and growth of topographic barriers
(e.g., Baker et al., 2014; Hoorn et al., 2010; Rodríguez Tribaldos et al.,
2017).

Given this objective, detrital zircon U-Pb ages have been compiled
chiefly from Cretaceous and Paleogene sandstone samples in order to
delineate substantial shifts in regional sediment routing. It is asserted
here that an orogen-scale reversal in “sedimentary polarity” (e.g.,
Dewey and Bird, 1970; Coney and Evenchick, 1994), from continental
interior (cratonic) source regions to Andean source regions, occurred in
all sections of the Andean retroarc basin system. Within individual
basin segments, this solitary reversal event symbolizes a wholesale shift
from westward drainage to eastward drainage, consistent with estab-
lishment of major orogenic source regions and a sizeable Andean to-
pographic barrier. A summary of ~13,000 U-Pb ages from ~150 det-
rital zircon samples is presented for 7 regional basin transects to enable
along-strike and across strike comparisons, allowing for elucidation of
north-south variations in sedimentary polarity and tracking of the time-
transgressive west to east progression of basin evolution during Andean
deformation. Meaningful comparison of such a large dataset requires
samples of comparable stratigraphic age from similar locations to be
pooled into composite age probability functions, affording rapid visual
comparison of U-Pb age distributions from multiple samples. In most
cases, a single composite curve represents results from about 2–6
samples, depending on data availability. A total of 34 age probability
curves are depicted in 17 plots (Fig. 8), with each plot comparing two
composite samples: one older sample showing a pre-Andean prove-
nance signature and one younger sample showing an early Andean
provenance signature. For each sample pair, the respective deposi-
tional/stratigraphic ages for the pre-Andean and Andean samples pro-
vide a maximum and minimum estimate for the timing of sedimentary
routing reversal for each locality.

7.2. Northern Andean provenance

For the northern Andes (Fig. 1), U-Pb results for detrital zircon
sample suites are compiled for three regional retroarc basin transects,
including (1) the Magdalena Valley, Eastern Cordillera, and Llanos

basins of Colombia (Fig. 8A), (2) the Western Cordillera, Cuenca, and
Oriente basins of Ecuador (Fig. 8B), and (3) the Western Cordillera,
Eastern Cordillera, and Marañon (Santiago) basins of northern Peru
(Fig. 8C) (Vallejo, 2007; Horton et al., 2010, 2016; Nie et al., 2010,
2012; Saylor et al., 2011; Caballero et al., 2013; Silva et al., 2013;
George et al., 2015; Jackson et al., 2015; George and Horton, 2017;
Horton, 2017; Gutierrez et al., 2017).

All northern Andean transects consistently show a sharp contrast
between pre-Andean and early Andean samples. Pre-Andean age po-
pulations for principally Upper Cretaceous stratigraphic units are
dominated by mostly pre-450 Ma ages, including major age groups at
500–700, 900–1100, 1350–1450, 1500–1600, and 1750–1850 Ma. This
age distribution demonstrates erosional derivation from Precambrian-
Ordovician cratonic basement rocks of the northern Andean foreland
and Guyana (Guiana) shield (e.g., Cordani et al., 2000, 2005; Cordani
and Teixeira, 2007; Chew et al., 2007; Cardona et al., 2010a; Ibañez-
Mejia et al., 2011; Kroonenberg and De Roever, 2010). In contrast,
early Andean samples of younger, principally Paleogene strata show
substantially reduced proportions of pre-450 Ma basement ages and the
abrupt introduction of distinctive Late Paleozoic-Cenozoic ages (post-
300 Ma) representative of Andean sediment source regions. The Andean
signatures are clearly linked to Cretaceous-Paleogene magmatic arc
rocks and Permian-Jurassic intrusive rocks exposed in the retroarc fold-
thrust belt (Aspden et al., 1987; Cardona et al., 2010b; Horton et al.,
2010; Villagómez et al., 2011; Bustamante et al., 2016). Although there
was no longer direct input from the craton, it is important to note that
cratonic signatures were reduced but not eliminated from Paleogene
strata, because these old zircon grains were recycled from pre-Andean
basin fill within the fold-thrust belt (Ruiz, 2002; Gombojav and
Winkler, 2008; Horton et al., 2010; Bande et al., 2012).

From these data, the timing of sedimentary polarity reversal can be
estimated for several regions. In Colombia, the reversal is assigned to
the early Paleocene (~60 Ma) in western localities (Magdalena Valley
and Eastern Cordillera basins) and to the Oligocene (~30 Ma) in the
eastern foreland (Llanos basin). This ~30 Myr discrepancy can be at-
tributed to eastward advance of deformation, with a shift from the
Central Cordillera to Eastern Cordillera (e.g., Dengo and Covey, 1993;
Cooper et al., 1995; Parra et al., 2009a, 2009b; Mora et al., 2010b,
2013). In Ecuador, a Maastrichtian (~70–65 Ma) reversal is uniformly
recognized across eastern to western regions. The consistency in this
signal across the Ecuadorian Andes likely reflects the narrow extent and
limited shortening of this segment of the orogen (Campbell, 1970,
1974; Baldock, 1982; Baby et al., 2004, 2013).

7.3. Central Andean provenance

U-Pb ages for retroarc basins of the central Andes (Fig. 1) are pre-
sented for a southern Peru transect from the Altiplano to Madre de Dios
basin (Fig. 8D) and for a southern Bolivia transect spanning the Eastern
Cordillera and Chaco foreland basin (Fig. 8E) (Perez and Horton, 2014;
Horton et al., 2015b; Perez et al., 2016b; Horton, 2017; Calle et al.,
2018).

Pre-Andean signatures defined for Cretaceous strata of southern
Peru and Bolivia are characterized by Precambrian-Ordovician ages
broadly defined by 450–700 Ma, 1000–1600 Ma, and 1700–2000 Ma
groups (Fig. 8D and E). These ages are representative of basement rocks
of the southern Peruvian foreland and adjacent parts of the Brazilian
shield, including the Sunsas, Rondonia-San Ignacio, and Rio Negro-
Juruena provinces (Teixeira et al., 1989; Cordani and Teixeira, 2007;
Bettencourt et al., 2010; Bahlburg et al., 2011). The age distributions
for overlying Cenozoic strata show several spatial complexities. For
southern Peru, the Cenozoic units show a major departure from the pre-
Andean strata, with a reduction in basement cratonic ages and a sharp
appearance of Andean age components. In the west (Altiplano), this
shift is indicated by the introduction of a post-50 Ma unimodal peak
derived from the adjacent Western Cordillera magmatic arc (Perez and
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Fig. 8. Comparative plots showing detrital zircon U-Pb
age distributions for composite samples from the
Andean retroarc basin system, organized by region and
age. For each of the 7 regional basin transects (A–G),
results are arranged by location, with western localities
(solid curves) plotted below eastern localities (dashed
curves). For each of the 17 plots, a pair of composite
age probability curves allows comparison of the pro-
venance signatures before (open area under curve)
versus after (shading under curve) the reversal in se-
dimentary polarity. The estimated timing of paleo-
drainage reversal is depicted in the upper right of each
plot. Northern Andes: (A) Colombia (Magdalena
Valley, Eastern Cordillera, and Llanos basins); (B)
Ecuador (Western Cordillera, Cuenca, and Oriente ba-
sins); (C) northern Peru (Western Cordillera, Eastern
Cordillera, and Marañon (Santiago) basins). Central
Andes: (D) southern Peru (Altiplano, and Madre de
Dios basins) and (E) southern Bolivia (Eastern
Cordillera, Chaco). Southern Andes: (F) central
Argentina (western and eastern Neuquén basin) and
(G) southern Argentina (western and eastern
Magallanes-Austral basin).
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Horton, 2014; Horton et al., 2015b). In the east (Madre de Dios basin),
however, the shift is manifest as the appearance of 200–300 and
450–750 Ma age groups characteristic of the fold-thrust belt, with no
significant appearance of Andean arc detritus. Unlike southern Peru,
Cenozoic samples for Bolivia show a limited departure from the pre-
Andean age populations, sharing many of the cratonic basement age
groups (Fig. 8E).

The contrasting trends for southern Peru and Bolivia may arise from
the large magnitude of shortening and basin migration across the cen-
tral Andes. Whereas the westernmost basin localities (Altiplano) are
sensitive to proximal contributions from the Western Cordillera mag-
matic arc along the western basin margin, localities farther east
(Eastern Cordillera and Madre de Dios foreland basin) may have been
solely fed by a retroarc fold-thrust belt that attained sufficient topo-
graphic expression to prevent delivery of magmatic arc detritus. Large-
scale shortening, crustal thickening, and development of a huge salient
(“Bolivian orocline”) across this wide segment of the fold-thrust belt
may have effectively isolated the foreland basin from magmatic arc
sources during early uplift of the central Andes. This disconnection
apparently persisted for much of Cenozoic time, as evidenced by con-
trasting hinterland versus foreland provenance patterns and an absence
of significant arc detritus in Chaco foreland basin fill (Horton et al.,
2002; Pepper et al., 2016; Calle et al., 2018).

7.4. Southern Andean provenance

For retroarc regions of the southern Andes (Fig. 1), detrital zircon U-
Pb results are presented for transects across the western and eastern
segments of the Neuquén basin (Fig. 8F) and Magallanes-Austral basin
(Fig. 8G) (Fildani et al., 2003; Tunik et al., 2010; Di Giulio et al., 2012;
Navarro et al., 2015; Balgord and Carrapa, 2016; Horton et al., 2016;
Horton and Fuentes, 2016; Malkowski et al., 2016, 2017; Fennell et al.,
2017).

In both basins, a provenance change of Cenomanian age is defined
by a switch from assorted eastern bedrock sources to western Andean
sources of the magmatic arc and fold-thrust belt. Rather than crystalline
Precambrian basement of the distal Rio de la Plata craton, the pre-
Andean signatures of Lower Cretaceous strata are dominated by eastern
contributions from a Jurassic (Chon Aike) igneous province of the
Deseado Massif, Permo-Triassic (Choiyoi) igneous province, and sub-
ordinate lower Paleozoic igneous-metamorphic rocks (Pankhurst et al.,
2000, 2006; Varela et al., 2011). A comparison with overlying strata
reveals a pronounced shift, with the introduction of a nearly unimodal
150–100 Ma age group denoting initial contributions from the Andean
magmatic arc in the west (Tunik et al., 2010; Di Giulio et al., 2012).
This signature, however, is absent from the distal easternmost segments
of the Neuquén basin, where Permo-Triassic and lower Paleozoic ages
are instead observed.

The reversal in sedimentary polarity can be pinpointed to ~100 Ma
judging from depositional age constraints for immediately underlying
and overlying stratigraphic units. This moment is interpreted as the
onset of Andean shortening and foreland basin genesis. For the
Neuquén and Magallanes-Austral basins, the preponderance of mag-
matic arc signatures expressed in clastic fill during early Andean
shortening is consistent with many past stratigraphic and provenance
studies of the southern Andes (e.g., Natland et al., 1974; Winn and Dott,
1979; Dott et al., 1982; Biddle et al., 1986; Wilson, 1991; Fildani and
Hessler, 2005; Fildani et al., 2008; Romans et al., 2010; Fosdick et al.,
2014; Malkowski et al., 2017). As in the central Andes, the explanation
for the relative contributions from the magmatic arc may relate to the
magnitude of shortening. However, for the southern Andes, the gen-
erally low magnitude of shortening—typically< 50 km in the Neuquén
region (Manceda and Figueroa, 1995; Ramos et al., 1996; Giambiagi
et al., 2012, 2016b; Mescua et al., 2014; Rojas Vera et al., 2014;
Sánchez et al., 2015; Fuentes et al., 2016) and< 100 km in the Ma-
gallanes fold-thrust belt (Alvarez-Marrón et al., 1993; Klepeis et al.,

2010; Fosdick et al., 2011; Ghiglione et al., 2014; Poblete et al., 2014;
Betka et al., 2015)—may account for a persistent source-to-sink con-
nection between the magmatic arc and foreland basin.

8. Andean tectonics and basin evolution

Sedimentary basins of western South America are sensitive to the
evolution of topography and sediment source regions, making them
well suited to address issues of Andean uplift, provenance, and
paleodrainage. The integration of diverse datasets provides the under-
pinnings of a reconstruction of Andean tectonics, with an emphasis on
retroarc basins. The generalized five-step reconstruction of the
Mesozoic-Cenozoic tectonic history of the Andean orogenic belt and
associated basins (Fig. 9) offers a synthesis in accord with available data
regarding the stratigraphic framework and deformation timing of ret-
roarc foreland and hinterland basins (Figs. 4 and 5), genesis of un-
conformities and thin condensed sections (Fig. 6), history of sediment
accumulation (Fig. 7), and major shifts in sediment provenance (Fig. 8).

The reconstruction represents a source-to-sink evaluation of sedi-
ment accumulation at a regional scale over timeframes exceeding
106–107 yr. As such, the preserved stratigraphic record, which spans up
to 200 Myr, is the net product of sediment supply (from upland
weathering, erosion, and transport) and the generation of sediment
accommodation by subsidence over a range of basin settings. The
competition between sediment supply and accommodation is particu-
larly relevant because (1) the foreland and hinterland stratigraphic
records require the presence of appreciable hiatuses, condensed inter-
vals, and disconformities (Fig. 6), and (2) the associated sediment ac-
cumulation histories reveal Andean-wide reductions in accumulation
rates during Paleogene time (Fig. 7). This situation is comparable to
more-localized forebulge dynamics, where underfilled, filled, and
overfilled basin conditions (Fig. 6A) illustrate the interplay between
sediment supply and accommodation (e.g., Flemings and Jordan, 1989;
Crampton and Allen, 1995; Currie, 1997; DeCelles, 2012).

Although principally geared toward the southern and northern
Andes, the reconstruction shares components with the history of the
highly shortened and thickened central Andes. A central goal is to offer
a practical conceptual basis for Andean evolution that emphasizes
elements that should be transportable to other convergent systems.
Specifically, most of the critical stages outlined here can be securely
identified using independent datasets bearing on sediment accumula-
tion, sediment provenance, structural setting, and chronostratigraphic
framework.

Key themes include:

• preorogenic extension and postextensional processes;

• the onset of crustal shortening and flexure;

• early orogenic provenance switch and paleodrainage reversal;

• variable magnitude of shortening and foreland basin advance;

• stratigraphic hiatuses and their implications;

• variable rates of sediment accumulation;

• contrasting tectonic regimes and modes of basin genesis; and

• ultimate drivers of orogenesis.

8.1. Pre-Andean extension and thermal subsidence

Mesozoic extension generated a discontinuous series of marginal
and backarc basins along most of the western margin of South America
(Dalziel, 1986; Mpodozis and Ramos, 1990; Coney and Evenchick,
1994). Although the precise timing is variable along strike, most ex-
tension occurred in the Late Triassic to Early Cretaceous window, prior
to late Early Cretaceous (~130–120 Ma) breakup of Gondwana. Basin
geometries included compartmentalized, fault-controlled half-graben
and full-graben (rift) basins succeeded by larger, integrated post-
extensional sag basins (Fig. 9A, step 1). Initial short-term, fault-con-
trolled subsidence along normal faults was followed by thermal
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subsidence driven by long-term, post-attenuation lithospheric cooling
(Fig. 9B). Preserved stratigraphic successions of sufficient duration
chronicled synrift and postrift phases of sediment accumulation (Fig. 7).

Although a subduction-related magmatic arc occupied far western
marginal positions from Late Triassic (or even late Paleozoic) to Early
Cretaceous time, sediment delivery to postextensional sag basins was
vastly dominated by clastic materials derived from cratonic source re-
gions in the east (e.g., Biddle et al., 1986; Uliana and Biddle, 1988; Di

Giulio et al., 2012; Naipauer and Ramos, 2016). Localized examples of
arc provenance are present in intraarc and proximal arc positions, but
igneous centers were commonly surrounded by marine conditions and
were not sites of significant topography (e.g., Vergara et al., 1995;
Boekhout et al., 2012). This westward sedimentary polarity (Fig. 9C) is
well expressed in detrital zircon provenance data along the length of
the Andean plate margin (Fig. 8).

A B

C

Fig. 9. A generalized five-step reconstruction of the Mesozoic-Cenozoic tectonic history of the Andean orogenic belt and associated basins, including (A) schematic block diagrams (in
a similar format as Fig. 3) emphasizing basin evolution, sediment dispersal, arc magmatism and overall tectonic regime (steps 1–5), (B) the associated sediment accumulation history
(steps 1–5), and (C) a major shift in sediment provenance recorded by schematic U-Pb age distributions before (step 1) and after (steps 2–5) a wholesale reversal in sedimentary
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8.2. Onset of Andean orogenesis and reversal in sedimentary polarity

The sedimentary record of initial Andean shortening is distinctly
defined by the onset of rapid sediment accommodation and a large-
scale sediment routing reversal. Growth of initial topography during
Late Cretaceous-Paleocene shortening provided the earliest thrust loads
and the resulting flexural genesis of a retroarc foreland basin (Fig. 9A,
step 2). Shortening-induced early Andean topography far exceeded the
local volcanic edifices of the magmatic arc that had formerly existed
along the westernmost plate margin in a fringing off-edge position.
Many fold-thrust structures were guided by precursor extensional
structures, with common reactivation of inherited pre-Andean struc-
tural and stratigraphic inhomogeneities (e.g., Mora et al., 2006;
Giambiagi et al., 2008; Savignano et al., 2016). The initial flexural
wavelength of the earliest foreland basin commonly matches the areal
distribution of the precursor basin, consistent with the interpretation of
retroarc foreland basins as successor basins to earlier extensional
backarc or postextensional sag basins (e.g., Hsü, 1997; Fosdick et al.,
2014). The onset of flexural subsidence is registered by an inflection
point in time versus thickness plots (Fig. 9B), signaling an increase in
accommodation generation. It seems probable that some degree of
enduring thermal subsidence produced a modest amount of additional
accommodation space (e.g., Starck, 2011). The switch to rapid accu-
mulation is accompanied by a reversal in sediment provenance, marked
by the abrupt appearance of Andean detritus (Fig. 9C).

The contemporaneous shift in accumulation (Fig. 7) and sedimen-
tary polarity (Fig. 8) occurred at ~100 Ma in the southern Andes, and
~70–60 Ma in the remainder of the orogen. This age discrepancy may
underscore significant along-strike variability in initial mountain
building or may be an artifact of selective erosional removal of the
earliest retroarc foreland basin fill due to large-scale shortening and
cratonward growth of the orogenic wedge. The latter option is parti-
cularly attractive for the central Andes, where there is no definitive pre-
Cenozoic record of foreland basin conditions, despite evidence for Late
Cretaceous shortening directly to the west in the present forearc of
northern Chile and Peru (e.g., Chong, 1977; Cobbing et al., 1981;
Vicente, 1990; Benavides-Cáceres, 1999; Arriagada et al., 2006;
Bascuñán et al., 2016).

8.3. Early Andean growth of foreland basin

Continued shortening, crustal thickening, and topographic buildup
promoted eastward advance of the growing orogenic wedge (Fig. 9A,
step 3). Eastward migration of the early Andean foreland basin resulted
in systematically younger ages of the provenance switch from cratonic
to Andean sources. For example, in the northern Andes of Colombia,
stratigraphic sections of the Magdalena Valley, Eastern Cordillera, and
Llanos basins (Fig. 8A) show a sedimentary polarity reversal of Maas-
trichtiaan-early Paleocene age in the west versus an Oligocene age in
east (Gómez et al., 2003; Parra et al., 2009a; Horton et al., 2010, 2015a;
Nie et al., 2010, 2012; Saylor et al., 2011).

The activation and propagation of new thrust faults facilitated
eastward migration of the Andean topographic load and associated
cross-sectional (east-west) flexural subsidence profile. Whereas rapid
foredeep subsidence persisted in proximal zones (Fig. 9B), the east-
ward-advancing distal forebulge and backbulge zones underwent lim-
ited accumulation, or possibly erosion. This distal basin record is crucial
for understanding the central Andes, where some major stratigraphic
hiatuses (Figs. 4C and 5A) represent past forebulge positions
(Fig. 6A–C) and facilitate protracted tracking of foreland basin migra-
tion (e.g., Horton et al., 2001; DeCelles and Horton, 2003). In terms of
sediment provenance, in the northern and southern Andes, the mag-
matic arc remained a major source of sediment, but with progressively
greater contributions from the fold-thrust belt. In the central Andes, the
exceptional width of the orogenic wedge (Fig. 2) likely accounted for
the absence of magmatic arc detritus throughout the Cenozoic

succession in the Madre de Dios and Chaco foreland basins (Perez et al.,
2016b; Calle et al., 2018).

8.4. Possible pause in Andean shortening with foreland abandonment

A reduction or pause in Andean shortening may have driven limited
accumulation or large-scale abandonment across the retroarc foreland
basin (Fig. 9A, step 4). In retroarc regions, particularly in the Neuquén
basin, an apparently neutral tectonic regime was manifest as a late
Eocene–early Miocene cessation of shortening in the frontal fold-thrust
belt, with little to no accommodation (Fig. 9B) and a protracted stra-
tigraphic discontinuity in the form of a highly condensed section or
unconformity (Fig. 6D–F). In the corresponding magmatic arc to forearc
regions, an extensional tectonic regime controlled the focused growth
of extensional basins, commonly reactivating early Andean thrust faults
(e.g., Charrier et al., 2002; Iannelli et al., 2017).

The transition zone between the central and southern Andes pro-
vides the clearest record of these processes, with a major foreland
hiatus in the Neuquén basin contemporaneous with normal faulting and
extensional basin formation in the adjacent hinterland to forearc re-
gions to the west, including the Cura-Mallin and Abanico basins of
westernmost Argentina and Chile (Suárez and Emparan, 1995; Jordan
et al., 2001a; Charrier et al., 2002, 2007; Burns et al., 2006; Folguera
et al., 2010; Horton and Fuentes, 2016; Horton et al., 2016; Horton,
2018). Nevertheless, a clear Paleogene reduction in accommodation
(Fig. 7) is also expressed in retroarc regions of the northern Andes. For
the high-shortening segments of the central Andes, such a neutral to
extensional phase may have been precluded or overprinted by en-
hanced coupling during a contemporaneous phase of flat-slab subduc-
tion (James and Sacks, 1999; Kay et al., 2005; Ramos and Folguera,
2009; Mamani et al., 2010).

8.5. Main phase of Andean shortening and basin subsidence

The most widely recognized stage of Andean orogenesis involves
Neogene shortening and flexural subsidence across nearly all retroarc
foreland localities (Fig. 9A, step 5). A sharp increase in sediment ac-
cumulation can be linked to cratonward propagation of the locus of
thrust loading (Figs. 7 and 9B). Advance of the orogenic wedge also
caused continued structural dismemberment of older parts of the
foreland basin, and in some cases, growth of compartmentalized hin-
terland basins such as the Altiplano-Puna plateau (Allmendinger et al.,
1997; Horton et al., 2002; DeCelles and Horton, 2003; Sobel et al.,
2003; Murray et al., 2010) and the Magdalena Valley basin (Dengo and
Covey, 1993; Cooper et al., 1995; Gómez et al., 2005; Moreno et al.,
2011; Wolaver et al., 2015). In places where shortening jumped
abruptly eastward, the original foreland region was structurally parti-
tioned into a broken foreland basin (Fig. 3H). Well-preserved growth
stratal relationships (Fig. 6G and H) document the precise timing of
individual structures within the fold-thrust belt and/or adjacent to
basement-involved foreland block uplifts (e.g., Zapata and
Allmendinger, 1996; Vergés et al., 2007).

For regions that experienced earlier extension, Neogene shortening
commonly resulted in tectonic inversion of Paleogene extensional ba-
sins (e.g., Godoy et al., 1999; Folguera et al., 2006; Rojas Vera et al.,
2014). This main phase of Andean shortening is also the period for
which additional tectonic processes have been identified, including
possible lithospheric removal, rapid plateau uplift, and dynamic inter-
actions among climate, erosion and fold-thrust activity (Masek et al.,
1994; Horton, 1999; Montgomery et al., 2001; Strecker et al., 2007;
McQuarrie et al., 2008a; Norton and Schlunegger, 2011; Barnes et al.,
2012; Whipple and Gasparini, 2014; Armijo et al., 2015; DeCelles et al.,
2015a; Schoenbohm and Carrapa, 2015).
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9. Discussion and further research

This orogen-scale synthesis highlighting foreland and hinterland
sedimentation yields several insights and new avenues for research on
the Andes and other ocean-continent convergent margin orogenic sys-
tems. Given the inherent difficulty in directly dating crustal faults,
limited resolution of most cross-cutting structural relationships, and the
lack of Andean-wide metamorphism, the stratigraphic record provides
the principal opportunities for dating Andean orogenesis. Such dating
takes the form of growth strata coupled to individual structures (Figs. 5
and 6), the onset of rapid flexural subsidence (Fig. 7), the wholesale
reversal in sedimentary polarity during initial topographic growth
(Fig. 8), and the introduction of new sediment sources during pro-
gressive deformation and orogenic growth (Fig. 9).

Andean-type systems display a wide range of sedimentary basins in
diverse structural settings with varied modes of subsidence (Fig. 3). A
common temporal sequence for Andean retroarc basins (Fig. 9) entails
pre-Andean fault-related extension (synrift phase), postextensional
thermal subsidence (sag phase), initial flexural subsidence during An-
dean shortening, and a later diversified history reflecting contrasting
retroarc conditions. Whereas many low-shortening segments of the
southern Andes recorded a stratigraphic hiatus associated with a neu-
tral tectonic regime (Fig. 3I) prior to final Andean deformation
(Fig. 3G), high-shortening segments of the central Andes recorded
continuous advance of the orogenic wedge and the genesis of hinterland
basins and/or a broken foreland basin (Fig. 3H). Not surprisingly, the
sedimentary record proves critical in the consideration of the matters
outlined below.

9.1. Evaluating paleodrainage and topographic divides

Erection of an integrated topographic barrier along the length of the
Andes profoundly affected sediment dispersal, climate, and life across
South America (e.g., Hoorn et al., 2010, 2017; Mora et al., 2010a; Baker
et al., 2014). Such a barrier helped govern biological separation events,
species distributions, and biodiversification (Gentry, 1982; Albert et al.,
2006; Antonelli et al., 2009), as well as orographic climate changes
such as forearc aridification and focusing of rainfall in retroarc regions
(e.g., Montgomery et al., 2001; Strecker et al., 2007; Mora et al., 2008;
Norton and Schlunegger, 2011). Future orogen-scale syntheses will
benefit from the unification of geological records and expanded stable
isotopic estimates of paleoelevation (e.g., Gregory-Wodzicki, 2000;
Blisniuk and Stern, 2005; Saylor and Horton, 2014; Anderson et al.,
2015; Quade et al., 2015; Lamb, 2016; Garzione et al., 2017), along
with careful consideration of the isotopic effects of climate change and
water sources (Ehlers and Poulsen, 2009; Insel et al., 2010; Poulsen
et al., 2010; Jeffery et al., 2012).

Here, the focus is on the ubiquitous provenance switch from cra-
tonic sources to early Andean sources (Fig. 8), which represents a de-
fining moment in South American landscape evolution (Fig. 9). This
continental-scale reversal in sedimentary polarity reflects an abrupt
influx of synorogenic sediment during earliest Andean shortening and
foreland basin development. For individual segments of the Andes, the
reversal appears to be a solitary event corresponding to the establish-
ment of a topographic divide that persisted throughout the Andean
orogeny. However, this simplified view requires further consideration,
particularly in terms of (1) the north-south continuity of the topo-
graphic divide and (2) the east-west drainage configuration of the An-
dean foreland and interior South America.

Spatial variations in the provenance reversal suggest along-strike
(north-south) differences in the establishment of a divide. From the
provenance results summarized here (Fig. 8), a topographic divide was
in place by ~100 Ma in the southern Andes and by ~70–60 Ma in the
central and northern Andes. The prevalence of magmatic arc detritus in
foreland basin fill is consistent with a topographic divide roughly cor-
responding to the trace of the magmatic arc. A notable exception,

however, is the central Andes, where a dearth of arc detritus in the
foreland points to a topographic divide within the retroarc fold-thrust
belt, probably near the Altiplano-Eastern Cordillera boundary (Lamb
et al., 1997; Horton et al., 2002; Calle et al., 2018). This scenario can be
attributed to the relatively large magnitude of shortening
(> 150–300 km), crustal thickening, and orogenic advance (McQuarrie,
2002a, 2002b; DeCelles and Horton, 2003; McQuarrie et al., 2005).

The past position of the continental drainage divide was un-
doubtedly influenced by patterns of deformation and magmatism, as
regulated by erosion on opposing forearc and retroarc flanks. Although
the divide may have remained relatively fixed along the magmatic arc,
possible gaps or portals have been proposed for low-shortening seg-
ments of the southern Andes (Patagonia incursion at 40°–45°S; Nielsen,
2005; Bechis et al., 2014; Encinas et al., 2014, 2016) and northern
Andes (Guayaquil Gap or Marañon Portal at ~0°–5°S; Grabert, 1971;
Hoorn et al., 1995, 2010; Lundberg et al., 1998; Potter, 1997; Mapes,
2009; Sacek, 2014). These localities may have experienced Paleogene
extension, which could have further reduced Andean topography (see
Section 6.3). From the available evidence, it is proposed that a con-
tinuous topographic divide from roughly 5°S to 40°S was established in
latest Cretaceous-Paleocene time, coincident with the magmatic arc or
high hinterland topography of the retroarc fold-thrust-belt. However,
final unification of the northernmost and southernmost Andean seg-
ments and completion of a single integrated barrier from> 10°N
to> 50°S, remains a topic for future research.

A further complexity concerns the evolution of transcontinental
river drainage systems. Although the provenance reversal defines the
rapid elimination of a westward (Pacific) routing pre-Andean land-
scape, the newly established eastward routing Andean rivers did not
necessarily form a fully transcontinental eastward (Atlantic) draining
landscape. This critical point is underscored by provenance data
showing an across-strike (west to east) spatial progression in the timing
of drainage reversal. In the northern Andes, the reversal in sedimentary
polarity occurred at ~60 Ma in the west and ~30 Ma in the east. This
time-transgressive behavior indicates that east-flowing rivers adjacent
to the early Andes were restricted to proximal basin segments and did
not cross the entire Andean foreland.

In evaluating possible explanations, it is appealing to emphasize the
competition between sediment supply and accommodation, such that a
transition from underfilled to overfilled foreland basin conditions
(Fig. 6A) may account for the onset of transcontinental drainage. This
transition could be the product of increased Andean denudation and
sediment delivery (e.g., Mora et al., 2010a; Roddaz et al., 2010), river
deflection by basement arches (e.g., Hoorn et al., 1995; Costa et al.,
2001; Anderson et al., 2016), or regional subsidence patterns driven by
subducted slab dynamics and mantle convection (Shephard et al., 2010;
Sacek, 2014). Regardless of the precise trigger of transcontinental
drainage, it will be vital in future studies to track the course of past
rivers (e.g., Amazon, Parana, Orinoco, and Magdalena rivers) and
identify the precise arrival of Andean detritus in distal stratigraphic
records of the Andean foreland, South American interior, and Atlantic
margin (e.g., Hoorn et al., 2017; van Soelen et al., 2017).

9.2. Recognizing and interpreting stratigraphic hiatuses

Identification of angular unconformities and growth strata has been
fundamental to defining Andean deformation (Steinmann, 1929;
Newell, 1949; Mégard et al., 1984; Noble et al., 1990; Zapata and
Allmendinger, 1996; Gómez et al., 2005; Perez and Horton, 2014;
Horton et al., 2015b; Echaurren et al., 2016; Fennell et al., 2017).
However, many stratigraphic discontinuities appear to be marked by
thin, condensed stratigraphic sections or non-angular unconformities
(Figs. 4 and 5). An important challenge in Andean retroarc basins is the
detection of such discontinuities, in which commonly Upper Creta-
ceous–Paleocene distal facies are capped concordantly by Cenozoic
nonmarine strata of uncertain age. Documenting the existence and
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duration of these discontinuities (Fig. 6) may be enabled through the
recognition of thick pedogenic intervals, presence of an ultrastable
conglomeratic lag (representing a transport surface), or by absolute
dating of deposits directly above and below the discontinuity (e.g., del
Papa et al., 2010; Horton and Fuentes, 2016; Horton et al., 2016; Miall,
2016).

There appear to be three principal ways in which disconformities
and condensed sections form in foreland basins, as dictated by the ratio
of sediment supply to accommodation generation. First, cessation of
retroarc subsidence may define a break between a precursor thermal
sag and an initial flexural basin (e.g., Sempere et al., 2002; Gianni et al.,
2015; Navarro et al., 2015; Calle et al., 2018). This process would be
registered as a hiatus at the very base of the foreland basin succession.
Second, in forebulge settings, variations in the ratio of sediment supply
to accommodation generation alternately induce erosion (underfilled
basin), sediment bypass (filled basin), or limited accumulation of a
condensed interval (overfilled basin) (Fig. 6A; Currie, 1997; DeCelles,
2012). Forebulge unconformities would be most common in distal
foreland records, within the lower levels of foreland successions. Third,
in the midst of an orogeny, the development of an abandonment surface
representing sustained exposure and/or transport across the foreland
(Fig. 6D) could arise from a shift to a neutral tectonic regime with no
flexural accommodation (e.g., Heller et al., 1988; Legarreta and Uliana,
1991). This situation may occur across proximal to distal zones and
therefore characterize any part of a foreland basin succession.

The Paleogene stratigraphic record of the Andean foreland and
hinterland is noteworthy for the prevalence of prolonged dis-
continuities (Figs. 4 and 5) and reduced accumulation (Fig. 7). Al-
though these patterns could be related to diminished postrift thermal
subsidence, evidence of earlier Andean shortening suggests that the
Paleogene history of reduced accommodation was more likely linked to
forebulge dynamics or a phase of tectonic quiescence. Most inter-
pretations of a forebulge unconformity center on the central Andean
record of southern Peru, Bolivia, and northernmost Argentina (Horton
and DeCelles, 1997; Horton et al., 2001; DeCelles and Horton, 2003;
Louterbach et al., 2017), in accord with high shortening and large-scale
orogenic advance. Low-shortening regions of the northern and southern
Andes appear more consistent with a phase of neutral foreland condi-
tions and no shortening-induced flexure, contemporaneous with ex-
tension in hinterland, magmatic arc, and forearc regions (e.g., Jordan
et al., 2001a; Ramos and Folguera, 2005; Burns et al., 2006; Charrier
et al., 2002; Folguera et al., 2010; Horton and Fuentes, 2016; Horton,
2018).

Improved age control and chronostratigraphic correlations are re-
quired to fully identify stratigraphic discontinuities and uncover any
temporal and spatial trends. For example, are the retroarc hiatuses
contemporaneous, time transgressive, or nonsystematic? What are the
spatial limits of the hiatuses, and can they be traced laterally into zones
of greater accommodation? In terms of their genesis, are the apparent
contrasts among the northern, central, and southern Andes a response
to variations in shortening magnitude, shortening duration, or other
regional or plate-scale factors? Ultimately, the detection of these stra-
tigraphic discontinuities and accurate discrimination among the vari-
able modes of genesis will improve interpretations of the existence,
duration, and driving mechanisms of potential tectonic pulses or cycles.

9.3. Identifying variations in deformation mode and magnitude

Although dominated by upper crustal shortening, evolution of the
Andes included phases of neutral to extensional deformation. The
central Andes are commonly cited as a type example of Andean pro-
cesses, but this segment of the orogen is representative of only the most
intense shortening and surface uplift. In reality, the Andes show highly
variable amounts of shortening, crustal thickening, surface uplift, and
exhumation, with contrasting modes of deformation reflected in
modern stress regimes and basin structural settings (Figs. 1–3). It is

proposed here that the Andes can be divided into two endmember ca-
tegories. High-shortening segments of the Andes sustain> 150–300
km of margin-perpendicular shortening, major crustal thickening (with
zones in excess of 50 km thick), and exhibit fluctuations (possibly cy-
clical) in deformation and magmatism, including rapid orogenic wedge
propagation, high-flux magmatic events, lithospheric removal, and ex-
tensional collapse (see DeCelles et al., 2009, 2015b; Carrapa and
DeCelles, 2015; Ducea et al., 2015; and references therein). In contrast,
low-shortening segments of the Andes undergo mostly< 50–100 km of
shortening, with commonly mixed modes of deformation consisting of
phases (possibly cyclical) of extension or neutral stress conditions
(Folguera et al., 2006, 2015b; Ramos et al., 2014; Giambiagi et al.,
2015).

Both high- and low-shortening modes involve stratigraphic hiatuses,
although potentially of contrasting origin. High-shortening systems
exhibit conspicuous cratonward advance of deformation (> 100 km),
with a highly migratory forebulge and associated regional stratigraphic
hiatus that becomes progressively younger toward the craton (Fig. 3G).
In such high-shortening systems, the forebulge hiatus spans 10–20 Myr,
assuming typical rates of shortening advance and continental crustal
mechanical properties (DeCelles and DeCelles, 2001; Horton et al.,
2001; DeCelles and Horton, 2003; DeCelles, 2012). Low-shortening
systems have limited advance, a less-mobile forebulge, and better pre-
served records of mixed-mode deformation incorporating shortening,
neutral and extensional conditions (Figs. 3I and 9A).

In assessing Andean tectonic regimes, the Paleogene history is cru-
cial, with evidence of neutral to extensional conditions best represented
in the southern Andes. Are the southern Andes unique in experiencing
Cenozoic retroarc extension, or has a comparable record been obscured
in the northern and central Andes by later shortening, erosion, or
overprinting magmatism? Given widespread evidence of inversion
tectonics, in which former normal faults are reactivated as thrust or
reverse faults (e.g., Cooper et al., 1995; Manceda and Figueroa, 1995;
Godoy et al., 1999; Cobbold et al., 2001; Charrier et al., 2002; Kley and
Monaldi, 2002; Mora et al., 2006, 2010b; Giambiagi et al., 2008;
Mescua et al., 2014; Navarrete et al., 2015; Perez et al., 2016a; Fuentes
et al., 2016), could a complex record of Paleogene extension be ar-
chived in fold-thrust structures that reactivated older normal fault
systems?

Improved delineation of shortening magnitude and discrimination
of tectonic regimes will provide insights into key processes involved in
the growth of large orogenic belts. Are the central Andes unique in
lacking a history of Andean extension, or has that record been obscured
by later shortening and synorogenic sedimentation? Uncertainties in
the estimates of regional shortening center on the role of early Andean
(Late Cretaceous-early Paleogene) shortening in the arc and forearc
regions, where the record may be masked by magmatic overprints,
buried by younger sedimentary basin fill, and/or removed by tectonic
erosion along the subduction interface (e.g., Horton et al., 2001;
McQuarrie, 2002a; McQuarrie et al., 2005). Specifically, what are the
effects of such cryptic, early Andean shortening on estimates of total
shortening and along-strike discrepancies in shortening magnitude?

9.4. Comparing retroarc and forearc basin records

A cross-orogen comparison of retroarc versus forearc stratigraphic
and structural records will advance understanding of the spatial scales
and regional continuity of Andean orogenic processes. The present
synthesis focuses on the retroarc sedimentary archives of foreland and
hinterland basins, mostly by virtue of the long-lived, nearly continuous
stratigraphic records accessible in such locations. Several scenarios are
possible for forearc deformation and basin development (Fig. 3D–F). In
fact, a relatively common theme emerges from published literature in
which contrasting modes of shortening, extension, neutral, and strike-
slip conditions are reported over a range of spatial and temporal scales.
Moreover, this debate persists even for the modern record. For example,
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sharply conflicting interpretations of active shortening and active ex-
tension have been advanced in overlapping field areas in the Peru-Chile
forearc (e.g., Rutland, 1971; Thornburg and Kulm, 1981; Moberly et al.,
1982; Macharé et al., 1986; Sebrier et al., 1988; Hartley et al., 2000;
Audin et al., 2008; León et al., 2008; Armijo et al., 2010; Hall et al.,
2012; Giambiagi et al., 2016a; Alván et al., 2017; Benavente et al.,
2017).

Several considerations may help explain these contradictions in
Andean forearc regions. First, modern earthquakes and the Quaternary
record of deformation suggest that any active extension of the upper-
most crust is of very limited magnitude and concentrated along coastal
regions in association with large slip events along the subduction in-
terface (Delouis et al., 1998; González et al., 2003; Loveless et al., 2005,
2010). Second, subduction erosion and tectonic underplating are
probably irregular processes affecting selected forearc regions during
focused periods, subject to favorable mechanical conditions (von Huene
and Ranero, 2003; Clift et al., 2003; Clift and Hartley, 2007). Third,
although of limited regional extent, episodic accretion of island arcs,
fringing marginal arcs, and/or oceanic materials (including oceanic
sediments, ridges, and plateaus) may have exerted a strong control on
forearc deformation (Fig. 3A–C) (Kerr et al., 2003; Pindell et al., 2005;
Luzieux et al., 2006; Vallejo et al., 2017; Spikings et al., 2015). Fourth,
the magnitude of forearc shortening and extension appears to be uni-
formly low (Isacks, 1988; Muñoz and Charrier, 1996; Wörner et al.,
2002; Victor et al., 2004; Farías et al., 2005; Jordan et al., 2010; Noury
et al., 2016), possibly allowing for a greater influence of local effects.

It is unclear whether, and to what degree, Andean retroarc regions
have been affected by forearc-focused processes such as subduction
erosion, tectonic underplating, and arc/oceanic accretion. More gen-
erally, do forearc and retroarc regions share similar accumulation his-
tories and comparable shifts in tectonic regime, or do these zones op-
erate somewhat or fully independently? The record of Andean
extension is vital. Normal faulting within hinterland regions (including
segments of the Altiplano-Puna plateau and its margins) has been
shown to be contemporaneous with shortening in the Andean retroarc
fold-thrust belt (e.g., Dalmayrac and Molnar, 1981; Suárez et al., 1983;
Sebrier et al., 1988; Schoenbohm and Strecker, 2009). Such extension,
however, is confined to the highest segments of the Andes (as apparent
from earthquake focal mechanisms; Fig. 1A), and appears to reflect
extension or partial collapse of highly thickened crust, as modulated by
the viscosity and strength of continental crust and lithosphere (Molnar
and Lyon-Caen, 1988; Pope and Willett, 1998; Flesch and Kreemer,
2010). In contrast, appreciable extension of forearc regions cannot be
linked to extensional collapse of thick crust, and therefore seems in-
congruent with retroarc shortening (Ramos, 2009; Charrier et al., 2015;
Giambiagi et al., 2015, 2016a) and more likely to be emblematic of
minor extension owing to local mechanical coupling and/or under-
plating processes (e.g., Delouis et al., 1998; Adam and Reuther, 2000;
González et al., 2003; Farías et al., 2005).

Nevertheless, these interpretations may not be unique, and a cross-
orogen comparison with a renewed emphasis on the forearc record
should provide answers to several key questions. Fundamentally, do
opposing flanks of the Andes operate in unison under comparable tec-
tonic regimes, or do they operate independently and irregularly?
Further, what processes govern the evolution of forearc and retroarc
structures, with possible out-of-phase behavior expressed in spatially
discrete patterns of shortening and extension?

9.5. Assessing the ultimate drivers of contractional orogenesis

The Andes are the product of subduction-related mountain building
(Figs. 1–3), yet protracted periods of subduction occurred along the
western margin of South America without large-scale shortening of the
overriding plate. Such periods of neutral or extensional tectonic re-
gimes are commonly ascribed to rollback of the subducting slab
(Dickinson and Seely, 1979; Dewey, 1980; Royden, 1993), which has

been expressed as a trench rollback velocity and correlated with oro-
genic phases in the Andes (Daly, 1989; Russo and Silver, 1996; Ramos,
1999, 2009, 2010). The emerging evidence in stratigraphic and struc-
tural records for temporal and spatial fluctuations among shortening,
neutral, and extensional conditions (Figs. 4 and 5) introduces a critical
element in the consideration of the driving forces behind Andean or-
ogenesis.

The first-order drivers of mountain building are linked to plate
dynamics, including relative convergence rates (Pilger Jr., 1984;
Somoza, 1998; Pardo-Casas and Molnar, 1987; Daly, 1989; Lonsdale,
2005), absolute convergence rates (Coney and Evenchick, 1994; Silver
et al., 1998; Sobolev and Babeyko, 2005; Somoza and Zaffarana, 2008;
Maloney et al., 2013), the direction or obliquity of convergence
(Somoza, 1998; O'Driscoll et al., 2012), and the width and age of the
subducting slab (Schellart, 2008; Capitanio et al., 2011). Other studies
have focused on the precise interactions at the subduction interface, in
which the degree of mechanical coupling is regulated by plate strength,
frictional forces, shear heating, pore fluid pressures, overall thermal
structure, and the mitigating effects of lubrication from subducted
trench sediments (Jarrard, 1986; von Huene and Scholl, 1991; von
Huene and Ranero, 2003; Lamb and Davis, 2003; Vietor and Echtler,
2006; Luo and Liu, 2009; Armijo et al., 2015). Alternatively, processes
operating at great depth, including lower mantle resistance to down-dip
penetration of the subducting slab, could play an important role in
Andean mountain building (Husson et al., 2012; Faccenna et al., 2017).
In turn, all of these factors will interact with the stresses associated with
the growing topography of the orogen (Coblentz and Richardson, 1996;
Iaffaldano and Bunge, 2009; Meade and Conrad, 2008).

Whereas the aforementioned processes operate at plate scales,
second-order processes may drive orogenesis at smaller, more-regional
scales (Horton, 2018). Flat-slab subduction can enhance plate coupling
and drive cratonward advance of deformation (e.g., Jordan et al., 1983;
Gutscher et al., 2000; Ramos et al., 2002; Ramos and Folguera, 2009;
Folguera and Ramos, 2011). Slab breakoff events may drive not only
magmatic processes but also isostatic rebound and associated surface
uplift (e.g., Haschke et al., 2002, 2006). Inherited rheological proper-
ties of the overriding plate, as related to the age, composition, thick-
ness, strength, and thermal structure of South American crust and li-
thosphere, may largely reflect pre-Andean processes and guide Andean
deformation (Isacks, 1988; Wdowinski and Bock, 1994; Whitman et al.,
1996; Allmendinger et al., 1997; Kley et al., 1999; Haschke et al., 2006;
Mamani et al., 2008; Luo and Liu, 2009; Giambiagi et al., 2012).

Several motivating questions are as follows. How do variable tec-
tonic regimes and modes of basin development compare with plate
convergence parameters? What are the ultimate sources of regional
compression in subduction-related mountain building? How are litho-
spheric-scale stresses manifest in upper crustal structures and asso-
ciated basins? What controls the spatial and temporal variations in
Andean deformation and basin genesis? Further insights from the det-
rital sedimentary record will be paramount in addressing these ques-
tions.

Acknowledgments

This research was partially funded by grants from the U.S. National
Science Foundation (grants EAR-0908518, EAR-1250512, EAR-
1348031, EAR-1338694) and the National Geographic Society (grant
9909-16). Data synthesis was facilitated by many interactions with
current and former graduate advisees of the University of Texas at
Austin, including Lily Jackson, Sarah George, E. Gabriela Gutierrez,
Amanda Calle, Tomas Capaldi, Chelsea Mackaman-Lofland, Nicholas
Perez, Veronica Anderson, Sebastian Ramirez, Mariya Levina, Justin
Fitch, Javier Sánchez, Benjamin Siks, Christopher Moreno, and
Alejandro Bande. The manuscript benefitted from discussions of data,
observations, and interpretations with Facundo Fuentes, Andres
Folguera, Kurt Constenius, N. Ryan McKenzie, Sean Long, Ryan

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

299



Anderson, Joel Saylor, Cristian Vallejo, Andres Mora, Mauricio Parra,
Paul Baker, Maximiliano Naipauer, and Maisa Tunik. Constructive re-
views from Timothy Lawton and Matías Ghiglione improved the
manuscript.

References

Adam, J., Reuther, C.D., 2000. Crustal dynamics and active fault mechanics during
subduction erosion: application of frictional wedge analysis on to the North Chilean
Forearc. Tectonophysics 321, 297–325.

Aguirre, L., 1976. Structural evolution of the northernmost Andes, Colombia. Geol. Mag.
113, 475–485.

Albert, J.S., Lovejoy, N.R., Crampton, W.G.R., 2006. Miocene tectonism and the separa-
tion of cis- and trans-Andean river basins: evidence from Neotropical fishes. J. S. Am.
Earth Sci. 21, 14–27.

Aleman, A., Ramos, V.A., 2000. The northern Andes. In: Cordani, U.G., Milani, E.J.,
Thomaz Filho, A., Campos Neto, M.C. (Eds.), Tectonic Evolution of South America:
31st International Geological Congress. Institut de Recherche pour le Développement,
Rio de Janeiro, Brazil, pp. 453–480.

Allen, P.A., Verlander, J.E., Burgess, P.M., Audet, D.M., 2000. Jurassic giant erg deposits,
flexure of the United States continental interior, and timing of the onset of
Cordilleran shortening. Geology 28, 159–162.

Allmendinger, R.W., Jordan, T.E., Kay, S.M., Isacks, B.L., 1997. The evolution of the
Altiplano-Puna plateau of the Central Andes. Annu. Rev. Earth Planet. Sci. 25,
139–174.

Alvarez-Marrón, J., McClay, K., Harambour, S., Rojas, L., Skarmeta, J., 1993. Geometry
and evolution of the frontal part of the Magallanes foreland thrust and fold belt
(Vicuña area), Tierra del Fuego, southern Chile. Am. Assoc. Pet. Geol. Bull. 77,
1904–1921.

Alván, A., Criales, A., von Eynatten, H., Dunkl, I., Gerdes, A., Jacay, J., 2017. Seismic-
stratigraphic architecture of the Oligocene-Pliocene Camaná Formation, southern
Peruvian forearc (Province of Arequipa). Andean Geol. 44, 17–38. www.
andeangeology.cl.

Amidon, W.H., Luna, L.V., Fisher, G.B., Burbank, D.W., Kylander-Clark, A.R.C., Alonso,
R., 2017. Provenance and tectonic implications of Orán Group foreland basin sedi-
ments, Río Iruyacanyon, NW Argentina (23° S). Basin Res. 29 (S1), 96–112.

Anadón, P., Cabrera, L., Colombo, F., Marzo, M., Riba, O., 1986. Syntectonic in-
traformational unconformities in alluvial fan deposits, eastern Ebro Basin margins
(NE Spain). In: Allen, P.A., Homewood, P. (Eds.), Foreland Basins. International
Association of Sedimentologists Special Publication 8. pp. 259–271.

Anderson, V.J., Saylor, J.E., Shanahan, T.M., Horton, B.K., 2015. Paleoelevation records
from lipid biomarkers: application to the tropical Andes. Geol. Soc. Am. Bull. 127,
1604–1616.

Anderson, V.J., Horton, B.K., Saylor, J.E., Mora, A., Tesón, E., Breecker, D.O., Ketcham,
R.A., 2016. Andean topographic growth and basement uplift in southern Colombia:
implications for the evolution of the Magdalena, Orinoco, and Amazon river systems.
Geosphere 12, 1235–1256.

Anderson, R.B., Long, S.B., Horton, B.K., Calle, A.Z., Ramirez, V., 2017. Shortening and
structural architecture of the Andean fold-thrust belt of southern Bolivia (21°S):
Implications for kinematic development and crustal thickening of the central Andes.
Geosphere 13, 538–558.

Antoine, P.O., et al., 2016. A 60–million year Cenozoic history of western Amazonian
ecosystems in Contamana, eastern Peru. Gondwana Research 31, 30–59.

Antonelli, A., Nylander, J.A.A., Persson, C., Sanmartín, I., 2009. Tracing the impact of the
Andean uplift on Neotropical plant evolution. Proc. Natl. Acad. Sci. 106, 9749–9754.

Armijo, R., Rauld, R., Thiele, R., Vargas, G., Campos, J., Lacassin, R., Kausel, E., 2010.
The West Andean Thrust, the San Ramon Fault, and the seismic hazard for Santiago,
Chile. Tectonics 29, TC2007. http://dx.doi.org/10.1029/2008TC002427.

Armijo, R., Lacassin, R., Coudurier-Curveur, A., Carrizo, D., 2015. Coupled tectonic
evolution of Andean orogeny and global climate. Earth Sci. Rev. 143, 1–35.

Arriagada, C., Cobbold, P.R., Roperch, P., 2006. Salar de Atacama basin: A record of
compressional tectonics in the central Andes since the mid-Cretaceous. Tectonics 25,
TC1008. http://dx.doi.org/10.1029/2004TC001770.

Aschoff, J.L., Steel, R.J., 2011. Anomalous clastic wedge development during the Sevier-
Laramide transition in the Cordilleran Foreland Basin, USA. Geol. Soc. Am. Bull. 123,
1822–1835.

Aspden, J., Litherland, M., 1992. The geology and Mesozoic collisional history of the
Cordillera Real, Ecuador. Tectonophysics 205, 187–204.

Aspden, J.A., McCourt, W.J., Brook, M., 1987. Geometrical control of subduction-related
magmatism: the Mesozoic and Cenozoic plutonic history of western Colombia. J.
Geol. Soc. Lond. 144, 893–905.

Assumpção, M., Dias, F.L., Zevalos, I., Naliboff, J.B., 2016. Intraplate stress field in South
America from earthquake focal mechanisms. J. S. Amer. Earth Sci. 71, 278–295.

Atherton, M.P., Pitcher, W.S., Warden, V., 1983. The Mesozoic marginal basin of central
Peru. Nature 305, 303–306.

Auboin, J.A., Borrello, A.V., Cecione, G., Charrier, R., Chotin, P., Frutos, J., Thiele, R.,
Vicente, J.C., 1973. Esquisse paleogeographique et structural des Andes
Meridionales. Rev. Géogr. Phys. Géol. Dyn. 15, 11–72.

Audin, L., Lacan, P., Tavera, H., Bondoux, F., 2008. Upper plate deformation and seismic
barrier in front of Nazca subduction zone: the Chololo Fault System and active tec-
tonics along the Coastal Cordillera, southern Peru. Tectonophysics 459, 174–185.

Baby, P., Moretti, I., Guillier, B., Limachi, R., Mendez, E., Oller, J., Specht, M., 1995.
Petroleum system of the northern and central Bolivian Sub-Andean Zone. In: Tankard
A.J., Suárez R. and Welsink H.J. (Ed.), Petroleum Basins of South America, American
Association of Petroleum Geologists Memoir. 62. pp. 445–458.

Baby, P., Rochat, P., Mascle, G., Hérail, G., 1997. Neogene shortening contribution to
crustal thickening in the back arc of the Central Andes. Geology 25, 883–886.

Baby, P., Rivadeneira, M., Barragán, R., 2004. La Cuenca Oriente: Geología y petróleo.

Travaux de l'Institut Français des Etudes Andine, pp. 144. 295 p. https://horizon.
documentation.ird.fr/exl-doc/pleins_textes/doc34-08/010036207.pdf.

Baby, P., Rivadeneira, M., Barragán, R., Christophoul, F., 2013. Thick-skinned tectonics in
the Oriente foreland basin of Ecuador. In: Nemčok, M., Mora, A., Cosgrove, J.W.
(Eds.), Thick-Skin–Dominated Orogens: From Initial Inversion to Full Accretion. Geol.
Soc. Lond. Spec. Publ. 377. pp. 59–76 doi:/10.1144/SP377.1.

Bahlburg, H., Vervoort, J.D., DuFrane, S.A., Carlotto, V., Reimann, C., Cardenas, J., 2011.
The U–Pb and Hf isotope evidence of detrital zircons of the Ordovician
Ollantaytambo Formation, southern Peru, and the Ordovician provenance and pa-
leogeography of southern Peru and northern Bolivia. J. S. Am. Earth Sci. 32 (3),
196–209.

Baker, P.A., Fritz, S.C., Dick, C.W., Eckert, A.J., Horton, B.K., Manzoni, S., Ribas, C.C.,
Garzione, C.N., Battisti, D.S., 2014. The emerging field of geogenomics: constraining
geological problems with genetic data. Earth Sci. Rev. 135, 38–47.

Baldock, J.W., 1982. Geología del Ecuador: Boletín de Explicación del Mapa geológico de
la Républica del Ecuador. Dirección General de Geología y Minas, Quito, Ecuador.
70 p.

Balgord, E.A., Carrapa, B., 2016. Basin evolution of Upper Cretaceous–Lower Cenozoic
strata in the Malargüe fold-and-thrust belt: northern Neuquén Basin, Argentina. Basin
Res. 28, 183–206.

Bande, A., Horton, B.K., Ramírez, J.C., Mora, A., Parra, M., Stockli, D.F., 2012. Clastic
deposition, provenance, and sequence of Andean thrusting in the frontal Eastern
Cordillera and Llanos foreland basin of Colombia. Geol. Soc. Am. Bull. 124, 59–76.

Barazangi, M., Isacks, B.L., 1976. Spatial distribution of earthquakes and subduction of
the Nazca Plate beneath South America. Geology 4, 686–692.

Barbeau, D.L., Olivero, E.B., Swanson-Hysell, N.L., Zahid, K.M., Murray, K.E., Gehrels,
G.E., 2009. Detrital-zircon geochronology of the eastern Magallanes foreland basin:
implications for Eocene kinematics of the northern Scotia Arc and Drake Passage.
Earth Planet. Sci. Lett. 284, 489–503.

Barnes, J.B., Pelletier, J.D., 2006. Latitudinal variation of denudation in the evolution of
the Bolivian Andes. Am. J. Sci. 306, 1–31.

Barnes, J.B., Ehlers, T.A., 2009. End member models for Andean Plateau uplift. Earth Sci.
Rev. 97, 105–132.

Barnes, J.B., Ehlers, T.A., McQuarrie, N., O'Sullivan, P.B., Pelletier, J.D., 2006. Eocene to
recent variations in erosion across the central Andean fold-thrust belt, northern
Bolivia: implications for plateau evolution. Earth Planet. Sci. Lett. 248, 118–133.

Barnes, J.B., Ehlers, T.A., Insel, N., McQuarrie, N., Poulsen, C.J., 2012. Linking oro-
graphy, climate, and exhumation across the central Andes. Geology 40, 1135–1138.

Barragán, R., 1999. Relations entre volcanisme, tectonique d' inversión et sédimentation
dans le bassin Crétacé Équatorien. [Ph.D. thesis]. Université Paul Sabatier, Toulouse,
France 223 p.

Bascuñán, S., Arriagada, C., Le Roux, J., Deckart, K., 2016. Unraveling the Peruvian phase
of the Central Andes: stratigraphy, sedimentology and geochronology of the Salar de
Atacama Basin (22°30–23°S), northern Chile. Basin Res. 28, 365–392.

Baudino, R., 1995. Evolution des Andes d’ Équateur au Néogène: les enseignements de
l'étude des bassins montagneux. [Ph.D. thesis]. Université Pau, France 437 pp.

Bayona, G., Cortes, M., Jaramillo, C., Ojeda, G., Aristizabal, J.J., Reyes-Harker, A., 2008.
An integrated analysis of an orogen-sedimentary basin pair: latest
Cretaceous–Cenozoic evolution of the linked Eastern Cordillera orogen and the
Llanos foreland basin of Colombia. Geol. Soc. Am. Bull. 120, 1171–1197.

Bechis, F., Encinas, A., Concheyro, A., Litvak, V.D., Aguirre-Urreta, B., Ramos, V.A., 2014.
New age constraints for the Cenozoic marine transgressions of northwestern
Patagonia, Argentina (41°–43° S): paleogeographic and tectonic implications. J. S.
Am. Earth Sci. 52, 72–93.

Beck, S.L., Zandt, G., 2002. The nature of orogenic crust in the Central Andes. Journal of
Geophysical Research 107, 2230. http://dx.doi.org/10.1029/2000JB000124.

Beer, J.A., Allmendinger, R.W., Figueroa, D.E., Jordan, T.E., 1990. Seismic stratigraphy of
a Neogene piggyback basin, Argentina. Am. Assoc. Pet. Geol. Bull. 74, 1183–1202.

Benavente, C., Zerathe, S., Audin, L., Hall, S.R., Robert, X., Delgado, F., Carcaillet, J.,
2017. Active transpressional tectonics in the Andean forearc of southern Peru
quantified by 10Be surface exposure dating of an active fault scarp. Tectonics 36,
1662–1678.

Benavides-Cáceres, 1999. Orogenic evolution of the Peruvian Andes: the Andean cycle.
In: Skinner, B.J. (Ed.), Geology and Ore Deposits of the Central Andes. Society of
Economic Geologists Special Publication, vol. 7. pp. 61–107.

Betka, P., Klepeis, K., Mosher, S., 2015. Along-strike variation in crustal shortening and
kinematic evolution of the base of a retroarc fold-and-thrust belt: Magallanes, Chile
53°S–54°S. Geol. Soc. Am. Bull. 127, 1108–1134.

Bettencourt, J.S., Leite, W.B., Ruiz, A.S., Matos, R., Payolla, B.L., Tosdal, R.M., 2010. The
Rondonian–San Ignacio Province in the SW Amazonian craton: an overview. J. S. Am.
Earth Sci. 29, 28–46.

Biddle, K.T., Uliana, M.A., Mitchum Jr., R.M., Fitzgerald, M.G., Wright, R.C., 1986. The
stratigraphic and structural evolution of the central and eastern Magallanes Basin,
southern South America. In: Allen, P.A., Homewood, P. (Eds.), Foreland Basins.
International Association of Sedimentologists Special Publication, vol. 8. pp. 41–61.

Blisniuk, P.M., Stern, L.A., 2005. Stable isotope paleoaltimetry: a critical review. Am. J.
Sci. 305, 1033–1074.

Blisniuk, P.M., Stern, L.A., Chamberlain, C.P., Idleman, B., Zeitler, P.K., 2005. Climatic
and ecologic changes during Miocene surface uplift in the southern Patagonian
Andes. Earth Planet. Sci. Lett. 230, 169–186.

Boekhout, F., Spikings, R., Sempere, T., Chiaradia, M., Ulianov, A., Schaltegger, U., 2012.
Mesozoic arc magmatism along the southern Peruvian margin during Gondwana
breakup and dispersal. Lithos 146–147, 48–64.

Boll, A., Hernández, R.M., 1986. Interpretación estructural del área Tres Cruces. Boletín
de Informaciones Petroleras (Yacimientos Petrolíferos Fiscales) 7, 2–14.

Boll, A., Alonso, A., Fuentes, F., Vergara, M., Laffitte, G., Villar, H.J., 2014. Factores
controlantes de las acumulaciones de hidrocarburos en el sector norte de la cuenca
Neuquina, entre los ríos Diamante y Salado, Provincia de Mendoza, Argentina: IX
Congreso de Exploración y Desarrollo de Hidrocarburos, Mendoza, Argentina, Actas.
pp. 3–44.

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

300

http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0025
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0025
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0025
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9765
http://www.andeangeology.cl
http://www.andeangeology.cl
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0045
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0045
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0045
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0045
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0050
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0050
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0050
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0060
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0060
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0060
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0060
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0065
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0065
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0070
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0070
http://dx.doi.org/10.1029/2008TC002427
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0080
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0080
http://dx.doi.org/10.1029/2004TC001770
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0095
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0095
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0100
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0100
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0100
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0125
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0125
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/doc34-08/010036207.pdf
https://horizon.documentation.ird.fr/exl-doc/pleins_textes/doc34-08/010036207.pdf
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0145
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0145
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0145
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2055
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf4650
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf4650
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0190
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0190
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0190
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0205
http://dx.doi.org/10.1029/2000JB000124
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0225
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0225
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0225
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2017124355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2017124355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2017124355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0240
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0240
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0240
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0240
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0245
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0245
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0250
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0250
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0250
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0260
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0260
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0265


Bonnot, D., Sébrier, M., Mercier, J., 1988. Evolution geodynamique plio-quaternaire du
bassin intra-cordillerain du Callejon de Huaylas et de la Cordillere Blanche, Perou.
Geodynamique 3, 57–83.

Bruhn, R.L., Dalziel, I.W.D., 1977. Destruction of the Early Cretaceous marginal basin in
the Andes of Tierra del Fuego. In: Talwani, M., Pitman III, W.C. (Eds.), Island
Arcs,Deep Sea Trenches, and Back-Arc Basins. Am. Geophys. Union Maurice Ewing
Series 1, pp. 395–405.

Burke, K., 1988. Tectonic evolution of the Caribbean. Annu. Rev. Earth Planet. Sci. 16,
201–230.

Burns, W.M., Jordan, T.E., Copeland, P., Kelley, S.A., 2006. The case for extensional
tectonics in the Oligocene-Miocene Southern Andes as recorded in the Cura Mallín
basin (36°–38°S). In: Kay, S.M., Ramos, V.A. (Eds.), Evolution of an Andean margin: A
Tectonic and Magmatic View from the Andes to the Neuquén Basin (35°–39°S lat).
Geological Society of America Special Paper 407pp. 163–184 doi:10.1130/
2006.2407(08).

Bustamante, C., Archanjo, C.J., Cardona, A., Vervoort, J.D., 2016. Late Jurassic to Early
Cretaceous plutonism in the Colombian Andes: a record of long-term arc maturity.
Geol. Soc. Am. Bull. 128, 1762–1779.

Caballero, V., Parra, M., Mora, A., 2010. Levantamiento de la Cordillera Oriental de
Colombia durante el Eocene tardió–Oligoceno temprano: proveniencia sedimentaria
en el sinclinal de Nuevo Mundo, cuenca Valle Medio del Magdalena. Bull. Geol. 32,
45–77.

Caballero, V., Mora, A., Quintero, I., Blanco, V., Parra, M., Rojas, L.E., Lopez, C., Sánchez,
N., Horton, B.K., Stockli, D., Duddy, I., 2013. Tectonic controls on sedimentation in
an intermontane hinterland basin adjacent to inversion structures: the Nuevo Mundo
syncline, Middle Magdalena Valley, Colombia. In: Nemčok, M., Mora, A., Cosgrove,
J.W. (Eds.), Thick-skin-dominated Orogens: From Initial Inversion to Full Accretion.
Geological Society of London Special Publication 377. pp. 315–342. http://dx.doi.
org/10.1144/SP377.12.

Cahill, T., Isacks, B.L., 1992. Seismicity and shape of the subducted Nazca plate. J.
Geophys. Res. 97, 17,503–17,529.

Calderón, M., Hervé, F., Fuentes, F., Fosdick, J.C., Sepúlveda, F., Galaz, G., 2016. Tectonic
evolution of Paleozoic and Mesozoic Andean metamorphic complexes and the Rocas
Verdes ophiolites in southern Patagonia. In: Ghiglione, M. (Ed.), Geodynamic
Evolution of the Southernmost Andes: Connections With the Scotia Arc. Springer,
Berlin, pp. 7–36.

Calle, A.Z., Horton, B.K., Limachi, R., Stockli, D.F., Uzeda-Orellana, G.V., Anderson, R.B.,
Long, S.P., 2018. Cenozoic provenance and depositional record of the Subandean
foreland basin during growth of the central Andean fold-thrust belt, southern Bolivia.
In: Zamora Valcarce, G., McClay, K., Ramos, V.A. (Eds.), Petroleum Basins and
Hydrocarbon Potential of the Andes of Peru and Bolivia. American Association of
Petroleum Geologists Memoir 117 (in press).

Campbell, C.J., 1970. Guide to the Puerto Napo Area, Eastern Ecuador With Notes on the
Regional Geology of the Oriente Basin. Ecuadorian Geological and Geophysical
Society, Quito, Ecuador 40 p.

Campbell, C.J., 1974. Ecuadorian Andes. In: Spencer, A.M. (Ed.), Mesozoic-Cenozoic
Orogenic Belts. Geological Society of London Special Publication, vol. 4. pp.
725–732.

Canavan, R.R., Carrapa, B., Clementz, M.T., Quade, J., DeCelles, P.G., Schoenbohm, L.M.,
2014. Early Cenozoic uplift of the Puna plateau, central Andes, based on stable iso-
tope paleoaltimetry of hydrated volcanic glass. Geology 42, 447–450.

Capaldi, T.N., Horton, B.K., McKenzie, N.R., Stockli, D.F., Odlum, M.L., 2017. Sediment
provenance in contractional orogens: the detrital zircon record from modern rivers in
the Andean fold-thrust belt and foreland basin of western Argentina. Earth Planet.
Sci. Lett. 479, 83–97.

Capitanio, F.A., Faccenna, C., Zlotnik, S., Stegman, D.R., 2011. Subduction dynamics and
the origin of Andean orogeny and the Bolivian orocline. Nature 480, 83–86. http://
dx.doi.org/10.1038/nature10596.

Cardona, A., Chew, D., Valencia, V.A., Bayona, G., Mišković, A., Ibañez-Mejía, M., 2010a.
Grenvillian remnants in the northern Andes: Rodinian and Phanerozoic paleogeo-
graphic perspectives. J. S. Am. Earth Sci. 29, 92–104.

Cardona, A., Valencia, V., Garzón, A., Montes, C., Ojeda, G., Ruiz, J., Weber, M., 2010b.
Permian to Triassic I to S-type magmatic switch in the northeast Sierra Nevada de
Santa Marta and adjacent regions, Colombian Caribbean: tectonic setting and im-
plications within Pangea paleogeography. J. S. Am. Earth Sci. 29, 772–783.

Cardozo, N., Jordan, T., 2001. Causes of spatially variable tectonic subsidence in the
Miocene Bermejo foreland basin, Argentina. Basin Res. 13, 335–357.

Carlotto, V., 2013. Paleogeographic and tectonic controls on the evolution of Cenozoic
basins in the Altiplano and Western Cordillera of southern Peru. Tectonophysics 589,
195–219.

Carlotto, V., Jaillard, E., Carlier, G., Cárdenas, J., Cerpa, L., Flores, T., Latorre, O., Ibarra,
I., 2005. Las cuencas terciarias sinorogénicas en el Altiplano y en la Cordillera
Occidental del sur del Perú. In: Arce, J. (Ed.), Sociedad Geológica del Perú, v. 6, Lima,
pp. 103–126.

Carrapa, B., DeCelles, P.G., 2015. Regional exhumation and kinematic history of the
central Andes in response to cyclical orogenic processes. In: DeCelles, P.G., Ducea,
M.N., Carrapa, B., Kapp, P.A. (Eds.), Geodynamics of a Cordilleran Orogenic System:
The Central Andes of Argentina and Northern Chile. Geological Society of America
Memoir, vol. 212. pp. 201–213 doi:10.1130/2015.1212(11).

Carrapa, B., Bywater-Reyes, S., DeCelles, P.G., Mortimer, E., Gehrels, G.E., 2012. Late
Eocene-Pliocene basin evolution in the Eastern Cordillera of northwestern Argentina
(25°–26°S): regional implications for Andean orogenic wedge development. Basin
Res. 24, 249–268.

Carrapa, B., Huntington, K.W., Clementz, M., Quade, J., Bywater-Reyes, S., Schoenbohm,
L.M., Canavan, R.R., 2014. Uplift of the Central Andes of NW Argentina associated
with upper crustal shortening, revealed by multiproxy isotopic analyses. Tectonics
33, 1039–1054.

Carrera, N., Muñoz, J.A., 2008. Thrusting evolution in the southern Cordillera Oriental
(northern Argentine Andes): constraints from growth strata. Tectonophysics 459,
107–122.

Carrera, N., Muñoz, J.A., 2013. Thick-skinned tectonic style resulting from the inversion
of previous structures in the southern Cordillera Oriental (NW Argentine Andes). In:
Nemčok, M., Mora, A., Cosgrove, J.W. (Eds.), Thick-Skin–Dominated Orogens: From
Initial Inversion to Full Accretion. Geological Society of London Special Publication
377. pp. 77–100. http://dx.doi.org/10.1144/SP377.2.

Catuneanu, O., 2004. Retroarc foreland systems—evolution through time. J. Afr. Earth
Sci. 38, 225–242.

Cembrano, J., Hervé, F., Lavenu, A., 1996. The Liquiñe Ofqui fault zone: a long-lived
intraarc fault system in southern Chile. Tectonophysics 259, 55–66.

Chapman, J.B., DeCelles, P.G., 2015. Foreland basin stratigraphic control on thrust belt
evolution. Geology 43, 579–582.

Charrier, R., Baeza, O., Elgueta, S., Flynn, J.J., Gans, P., Kay, S.M., Muñoz, N., Wyss, A.R.,
Zurita, E., 2002. Evidence for Cenozoic extensional basin development and tectonic
inversion south of the flat-slab segment, southern Central Andes, Chile (33°–36°S.L.).
J. S. Am. Earth Sci. 15, 117–139.

Charrier, R., Pinto, L., Rodríguez, M.P., 2007. Tectonostatigraphic evolution of the
Andean Orogen in Chile. In: Moreno, T., Gibbons, W. (Eds.), The Geology of Chile.
Geological Society of London, pp. 21–114.

Charrier, R., Ramos, V.A., Tapia, F., Sagripanti, L., 2015. Tectono-stratigraphic evolution
of the Andean Orogen between 31 and 37°S (Chile and Western Argentina). In:
Sepúlveda, S.A., Giambiagi, L.B., Moreiras, S.M., Pinto, L., Tunik, M., Hoke, G.D.,
Farías, M. (Eds.), Geodynamic Processes in the Andes of Central Chile and Argentina.
Geological Society of London Special Publication 399. pp. 13–61. http://dx.doi.org/
10.1144/SP399.20.

Chase, C.G., Sussman, A.J., Coblentz, D.D., 2009. Curved Andes: geoid, forebulge, and
flexure. Lithosphere 1, 358–363.

Chew, D.M., Schaltegger, U., Košler, J., Whitehouse, M.J., Gutjahr, M., Spikings, R.A.,
Miškovíc, A., 2007. U-Pb geochronologic evidence for the evolution of the
Gondwanan margin of the north-central Andes. Geol. Soc. Am. Bull. 119, 697–711.

Chong, G., 1977. Contribution to the knowledge of the Domeyko Range in the Andes of
northern Chile. Geol. Rundsch. 66, 374–404.

Christophoul, F., Baby, P., Davila, C., 2002. Stratigraphic responses to a major tectonic
event in a foreland basin: the Ecuadorian Oriente Basin from Eocene to Oligocene
times. Tectonophysics 345, 281–298.

Christophoul, F., Soula, J., Brusset, S.C., Elibana, B., Roddaz, M., Bessière, G., Déramond,
J., 2003. Time, place and mode of propagation of foreland basin systems as recorded
by the sedimentary fill: examples of the Late Cretaceous and Eocene retro-foreland
basins of the north-eastern Pyrenees. In: McCann, T., Saintot, A. (Eds.), Tracing
Deformation Using the Sedimentary Record. Geological Society of London Special
Publication 208. pp. 229–252. doi.org/10.1144/GSL.SP.2003.208.01.11.

Clift, P.D., Hartley, A.J., 2007. Slow rates of subduction erosion and coastal underplating
along the Andean margin of Chile and Peru. Geology 35, 503–506.

Clift, P.D., Pecher, I., Kukowski, N., Hampel, A., 2003. Tectonic erosion of the Peruvian
forearc, Lima Basin, by steady-state subduction and Nazca Ridge collision. Tectonics
22, 1023. http://dx.doi.org/10.1029/2002TC001386.

Cobbing, E.J., Pitcher, W.S., Wilson, J.J., Baldock, J.W., Taylor, W.P., McCourt, W.,
Snelling, N.J., 1981. The geology of the Western Cordillera of northern Peru. In:
Overseas Memoir. Institute of Geological Sciences 143 p.

Cobbold, P.R., Meisling, K.E., Mount, V.S., 2001. Reactivation of an obliquely rifted
margin, Campos and Santos Basins, southeastern Brazil. Am. Assoc. Pet. Geol. Bull.
85, 1925–1944.

Coblentz, D.D., Richardson, R.M., 1996. Analysis of the South American intraplate stress
field. J. Geophys. Res. 101, 8643–8657.

Coira, B., Davidson, J., Mpodozis, C., Ramos, V.A., 1982. Tectonic and magmatic evo-
lution of the Andes of northern Argentina and Chile. Earth Sci. Rev. 18, 303–332.

Coney, P.J., Evenchick, C.A., 1994. Consolidation of the American Cordilleras. J. S. Am.
Earth Sci. 7, 241–262.

Cooper, M.A., Addison, F.T., Alvarez, R., Coral, M., Graham, R.H., Hayward, A.B., Howe,
S., Martinez, J., Naar, J., Peñas, R., Pulham, A.J., Taborda, A., 1995. Basin devel-
opment and tectonic history of the Llanos basin, Eastern Cordillera, and Middle
Magdalena Valley, Colombia. Am. Assoc. Pet. Geol. Bull. 79, 1421–1443.

Cordani, U.G., Teixeira, W., 2007. Proterozoic accretionary belts in the Amazonian
Craton. In: Hatcher, R.D., Carlson, M.P., McBride, J.H., Martínez Catalán, J.R. (Eds.),
4–D framework of continental crust. Geological Society of America Memoir 200. pp.
297–320.

Cordani, U.G., Sato, K., Teixeira, W., Tassinari, C.G., Basei, M.A.S., 2000. Crustal evo-
lution of the South American platform. In: Cordani, U.G., Milani, E.J., Thomaz Filho,
A., Campos Neto, M.C. (Eds.), Tectonic Evolution of South America: 31st
International Geological Congress. Institut de Recherche pour le Développement, Rio
de Janeiro, Brazil, pp. 19–40.

Cordani, U.G., Cardona, A., Jimenez, D.M., Liu, D., Nutman, A.P., 2005. Geochronology of
Proterozoic basement inliers in the Colombian Andes: Tectonic history of remnants of
a fragmented Grenville belt. In: Vaughan, A.P.M., Leat, P.T., Pankhurst, R.J. (Eds.),
Terrane Processes at the Margins of Gondwana. The Geological Society of London
Special Publication 246. pp. 329–346.

Costa, J.B.S., Bemerguy, R.L., Hasui, Y., Silva Borges, M., 2001. Tectonics and paleo-
geography along the Amazon River. J. S. Am. Earth Sci. 14, 335–347.

Coutand, I., Cobbold, P.R., de Urreiztieta, M., Gautier, P., Chauvin, A., Gapais, D.,
Rossello, E.A., López-Gamundí, O., 2001. Style and history of Andean deformation,
Puna plateau, northwestern Argentina. Tectonics 20, 210–234.

Crampton, S.L., Allen, P.A., 1995. Recognition of flexural forebulge unconformities in the
geologic record. Am. Assoc. Pet. Geol. Bull. 79, 1495–1514.

Cruz, L., Malinski, J., Wilson, A., Take, A., Hilley, G., 2010. Erosional control of the
kinematics and geometry of fold-and-thrust belts imaged in a physical and numerical
sandbox. J. Geophys. Res. 115, B09404. http://dx.doi.org/10.1029/2010JB007472.

Cuitiño, J.I., Scasso, R.A., 2010. Sedimentología y paleoambientes del Patagoniano y su
transición a la Formación Santa Cruz al sur del Lago Argentino, Patagonia Austral.
Rev. Asoc. Geol. Argent. 66, 406–417.

Cuitiño, J.I., Fernicola, J.C., Kohn, M.J., Trayler, R., Naipauer, M., Bargo, M.S., Kay, R.F.,
Vizcaíno, S.F., 2016. U-Pb geochronology of the Santa Cruz Formation (early

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

301

http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0275
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0275
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0280
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0280
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0280
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0280
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0280
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0280
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0285
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0285
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0285
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0285
http://dx.doi.org/10.1144/SP377.12
http://dx.doi.org/10.1144/SP377.12
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0295
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0295
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0315
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0315
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0315
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2040
http://dx.doi.org/10.1038/nature10596
http://dx.doi.org/10.1038/nature10596
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0335
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0335
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0335
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0375
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0375
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0375
http://dx.doi.org/10.1144/SP377.2
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0385
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0385
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0390
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0390
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0395
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0395
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0400
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0400
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0400
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0400
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0405
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0405
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0405
http://dx.doi.org/10.1144/SP399.20
http://dx.doi.org/10.1144/SP399.20
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0415
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0415
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0425
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0425
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0430
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0430
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0430
http://doi.org/10.1144/GSL.SP.2003.208.01.11
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0440
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0440
http://dx.doi.org/10.1029/2002TC001386
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0485
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0485
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0485
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0485
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0485
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0500
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0500
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0500
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0505
http://dx.doi.org/10.1029/2010JB007472
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0515
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0515
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0515
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0520


Miocene) at the Río Bote and Río Santa Cruz (southernmost Patagonia, Argentina):
implications for the correlation of fossil vertebrate localities. J. S. Am. Earth Sci. 70,
198–210.

Currie, B.S., 1997. Sequence stratigraphy of nonmarine Jurassic–Cretaceous rocks, central
Cordilleran foreland-basin system. Geol. Soc. Am. Bull. 109, 1206–1222.

Dalmayrac, B., Molnar, P., 1981. Parallel thrust and normal faulting in Peru and con-
straints on the state of stress. Earth Planet. Sci. Lett. 55, 473–481.

Daly, M., 1989. Correlations between Nazca/Farallon plate kinematics and forearc evo-
lution in Ecuador. Tectonics 8, 769–790.

Dalziel, I.W.D., 1981. Back-arc extension in the southern Andes: a review and critical
reappraisal. Phil. Trans. R. Soc. A 300, 319–355.

Dalziel, I.W.D., 1986. Collision and cordillera orogenesis: An Andean perspective. In:
Coward, M.P., Ries, A.C. (Eds.), Collision Tectonics. Geological Society of London
Special Publication 19. pp. 389–404.

Dalziel, I.W.D., Forsythe, R.D., 1985. Andean evolution and the terrane concept:
Tectonostratigraphic terranes of the circum-Pacific region. In: Howell, D.G. (Ed.),
Tectonostratigraphic Terranes of the Circum-Pacific Region, Circum-Pacific Council
for Energy and Mineral Resources Earth Science Series. vol. 1. pp. 565–581.

Dalziel, I.W.D., de Wit, M.J., Palmer, K.F., 1974. Fossil marginal basin in the southern
Andes. Nature 250 (5464), 291–294.

Dashwood, M.F., Abbotts, I.L., 1990. Aspects of the petroleum geology of the Oriente
Basin, Ecuador. In: Brooks, J. (Ed.), Classic Petroleum Provinces. Geological Society
of London Special Publication, vol. 50. pp. 89–117.

DeCelles, P.G., 2012. Foreland basin systems revisited: variations in response to tectonic
settings. In: Busby, C., Azor, A. (Eds.), Tectonics of Sedimentary Basins: Recent
Advances. Wiley-Blackwell, Oxford, UK, pp. 405–426.

DeCelles, P.G., DeCelles, P.C., 2001. Rates of shortening, propagation, underthrusting,
and flexural wave migration in continental orogenic systems. Geology 29, 135–138.

DeCelles, P.G., Giles, K.N., 1996. Foreland basin systems. Basin Res. 8, 105–123.
DeCelles, P.G., Horton, B.K., 2003. Early to middle Tertiary foreland basin development

and the history of Andean crustal shortening in Bolivia. Geol. Soc. Am. Bull. 115,
58–77.

DeCelles, P.G., Carrapa, B., Gehrels, G.E., 2007. Detrital zircon U-Pb ages provide pro-
venance and chronostratigraphic information from Eocene synorogenic deposits in
northwestern Argentina. Geology 35, 323–326.

DeCelles, P.G., Ducea, M.H., Kapp, P., Zandt, G., 2009. Cyclicity in Cordilleran orogenic
systems. Nat. Geosci. 2, 251–257.

DeCelles, P.G., Carrapa, B., Horton, B.K., Gehrels, G.E., 2011. Cenozoic foreland basin
system in the central Andes of northwestern Argentina: implications for Andean
geodynamics and modes of deformation. Tectonics 30, TC6013. http://dx.doi.org/10.
1029/2011TC002948.

DeCelles, P.G., Carrapa, B., Horton, B.K., McNabb, J., Gehrels, G.E., Boyd, J., 2015a. The
Miocene Arizaro Basin, central Andean hinterland: response to partial lithosphere
removal? In: DeCelles, P.G., Ducea, M.N., Carrapa, B., Kapp, P.A. (Eds.),
Geodynamics of a Cordilleran Orogenic System: The Central Andes of Argentina and
Northern Chile. Geological Society of America Memoir 212. pp. 359–386
doi:10.1130/2015.1212(18).

DeCelles, P.G., Zandt, G., Beck, S.L., Currie, C.A., Ducea, M.N., Kapp, P., Gehrels, G.E.,
Carrapa, B., Quade, J., Schoenbohm, L.M., 2015b. Cyclical orogenic processes in the
Cenozoic central Andes. In: DeCelles, P.G., Ducea, M.N., Carrapa, B., Kapp, P.A.
(Eds.), Geodynamics of a Cordilleran Orogenic System: The Central Andes of
Argentina and Northern Chile. Geological Society of America Memoir, vol. 212. pp.
459–490 doi:10.1130/2015.1212(22).

Decou, A., von Eynatten, H., Dunkl, I., Frei, D., Wörner, G., 2013. Late Eocene to early
Miocene Andean uplift inferred from detrital zircon fission track and U-Pb dating of
Cenozoic forearc sediments (15–18°S). J. S. Am. Earth Sci. 45, 6–23.

Deeken, A., Sobel, E.R., Coutand, I., Haschke, M., Riller, U., Strecker, M.R., 2006.
Development of the southern Eastern Cordillera, NW Argentina, constrained by
apatite fission track thermochronology: from early Cretaceous extension to middle
Miocene shortening. Tectonics 25, TC6003. http://dx.doi.org/10.1029/
2005TC001894.

Delfaud, J., Sabrier, R., Lavenu, A., Marocco, R., 1999. Reconstitution des étapes de la
surrection des Andes d'Equateur à partir de l'interprétation des minéraux argileux
contenus dans les bassins intramontagneux (Miocène à Actuel). Bull. Soc. Geol. Fr.
170, 13–24.

Delouis, B., Phillip, H., Dorbath, L., Cisternas, A., 1998. Recent crustal deformation in the
Antofagasta region (northern Chile) and the subduction process. Geophys. J. Int. 132,
302–338.

DeMets, C., Gordon, R.G., Argus, D.F., 2010. Geologically current plate motions. Geophys.
J. Int. 181, 1–80.

Dengo, C.A., Covey, M.C., 1993. Structure of the Eastern Cordillera of Colombia: im-
plications for trap styles and regional tectonics. Am. Assoc. Pet. Geol. Bull. 77,
1315–1337.

Dewey, J.F., 1980. Episodicity, sequence and style at convergent plate boundaries. In:
Strangway, D.W. (Ed.), The Continental Crust and Its Mineral Deposits. Geological
Association of Canada Special Paper, vol. 20. pp. 553–573.

Dewey, J.F., Bird, J.M., 1970. Mountain belts and the new global tectonics. J. Geophys.
Res. 75, 2625–2647.

Dewey, J.F., Lamb, S.H., 1992. Active tectonics of the Andes. Tectonophysics 205, 79–95.
Di Giulio, A., Ronchi, A., Sanfilippo, A., Tiepolo, M., Pimentel, M., Ramos, V.A., 2012.

Detrital zircon provenance from the Neuquén Basin (south-central Andes): cretaceous
geodynamic evolution and sedimentary response in a retroarc-foreland basin.
Geology 40, 559–562.

Dickinson, W.R., Seely, D.R., 1979. Structure and stratigraphy of forearc regions. Am.
Assoc. Pet. Geol. Bull. 63, 2–31.

Dott Jr., R.H., Winn Jr., R.D., Smith, C.H.L., 1982. Relationship of late Mesozoic and early
Cenozoic sedimentation to the tectonic evolution of the southernmost Andes and
Scotia Arc. In: Craddock, C. (Ed.), Antarctic Geoscience. University of Wisconsin
Press, Madison, Wisconsin, pp. 193–202.

Ducea, M.N., Saleeby, J.B., Bergantz, G., 2015. The architecture, chemistry, and evolution

of continental magmatic arcs. Annu. Rev. Earth Planet. Sci. 43, 299–331.
Duque-Caro, H., 1990. Neogene stratigraphy, paleoceanography and paleobiogeography

in northwest South America and the evolution of the Panama Seaway. Palaeogeogr.
Palaeoclimatol. Palaeoecol. 77, 203–234.

Eagles, G., 2016. Tectonic reconstructions of the Southernmost Andes and the Scotia Sea
during the opening of the Drake Passage. In: Ghiglione, M. (Ed.), Geodynamic
Evolution of the Southernmost Andes: Connections With the Scotia Arc. Springer,
Berlin, pp. 75–108.

Echaurren, A., Folguera, A., Gianni, G., Orts, D., Tassara, A., Encinas, A., Giménez, M.,
Valencia, V., 2016. Tectonic evolution of the North Patagonian Andes (41°–44°S)
through recognition of syntectonic strata. Tectonophysics 677, 99–114.

Echavarria, L., Hernández, R., Allmendinger, R., Reynolds, J., 2003. Subandean thrust
and fold belt of northwestern Argentina: geometry and timing of the Andean evo-
lution. Am. Assoc. Pet. Geol. Bull. 87, 965–985.

Ege, H., Sobel, E.R., Scheuber, E., Jacobshagen, V., 2007. Exhumation history of the
southern Altiplano plateau (southern Bolivia) constrained by apatite fission track
thermochronology. Tectonics 26, TC1004. http://dx.doi.org/10.1029/
2005TC001869.

Ehlers, T.A., Poulsen, C.J., 2009. Influence of Andean uplift on climate and paleoaltimetry
estimates. Earth Planet. Sci. Lett. 290, 238–248.

Eichelberger, N., McQuarrie, N., Ehlers, T.A., Enkelmann, E., Barnes, J.B., Lease, R.O.,
2013. New constraints on the chronology, magnitude, and distribution of deforma-
tion within the central Andean orocline. Tectonics 32. http://dx.doi.org/10.1002/
tect.20073.

Eichelberger, N., McQuarrie, N., Ryan, J., Karimi, B., Beck, S., Zandt, G., 2015. Evolution
of crustal thickening in the central Andes, Bolivia. Earth Planet. Sci. Lett. 426,
191–203.

Elger, K., Oncken, O., Glodny, J., 2005. Plateau-style accumulation of deformation:
Southern Altiplano. Tectonics 24, TC4020. http://dx.doi.org/10.1029/
2004TC001675.

Encinas, A., Pérez, F., Nielsen, S.N., Finger, K.L., Valencia, V., Duhart, P., 2014.
Geochronologic and paleontologic evidence for a Pacific-Atlantic connection during
the late Oligocene–early Miocene in the Patagonian Andes (43–44°S). J. S. Am. Earth
Sci. 55, 1–18.

Encinas, A., Folguera, A., Oliveros, V., del Mauro, L., Tapia, F., Riffo, R., Hervé, F., Finger,
K., Valencia, V., Gianni, G., Álvarez, O., 2016. Late Oligocene-early Miocene sub-
marine volcanism and deep-marine sedimentation in an extensional basin of southern
Chile. Implications on the tectonic development of the North Patagonian Andes. Geol.
Soc. Am. Bull. 128, 807–823.

Espurt, N., 2007. Influence de la subduction d'une ride asismique sur la dynamique de la
plaque continentale chevauchante: exemple de la ride de Nazca et du basin amazo-
nien. [PhD thesis]. Université Paul Sabatier, Toulouse, France 326 p.

Espurt, N., Funiciello, F., Martinod, J., Guillaume, B., Regard, V., Faccenna, C., Brusset,
S., 2008. Flat subduction dynamics and deformation of the South American plate:
Insights from analog modeling. Tectonics 27, TC3011. http://dx.doi.org/10.1029/
2007TC002175.

Eude, A., Roddaz, M., Brichau, S., Brusset, S., Calderon, Y., Baby, P., Soula, J.C., 2015.
Controls on timing of exhumation and deformation in the northern Peruvian eastern
Andean wedge as inferred from low-temperature thermochronology and balanced
cross section. Tectonics 34, 715–730.

Faccenna, C., Oncken, O., Holt, A.F., Becker, T.W., 2017. Initiation of the Andean orogeny
by lower mantle subduction. Earth Planet. Sci. Lett. 463, 189–201.

Farías, M., Charrier, R., Comte, D., Martinod, J., Hérail, G., 2005. Late Cenozoic de-
formation and uplift of the western flank of the Altiplano: Evidence from the de-
positional, tectonic, and geomorphologic evolution and shallow seismic activity
(northern Chile at 19°30′S). Tectonics 24, TC4001. http://dx.doi.org/10.1029/
2004TC001667.

Farías, M., Comte, D., Charrier, R., Martinod, J., David, C., Tassara, A., Tapia, F., Fock, A.,
2010. Crustal-scale structural architecture in central Chile based on seismicity and
surface geology: implications for Andean mountain building. Tectonics 29, TC3006.
http://dx.doi.org/10.1029/2009TC002480.

Feininger, T., 1987. Allochthonous terranes in the Andes of Ecuador and northwestern
Peru. Can. J. Earth Sci. 24, 266–278.

Fennell, L.M., Folguera, A., Naipauer, M., Gianni, G., Rojas Vera, E., Bottesi, G., Ramos,
V.A., 2017. Cretaceous deformation of the southern Central Andes: Synorogenic
growth strata in the Neuquén Group (35°30′–37°S). Basin Res. 29, 51–72.

Figueiredo, J., Hoorn, C., van der Ven, P., Soares, E., 2009. Late Miocene onset of the
Amazon River and the Amazon deep-sea fan: evidence from the Foz do Amazonas
Basin. Geology 37, 619–622.

Fildani, A., Hessler, A.M., 2005. Stratigraphic record across a retroarc basin inversion:
Rocas Verdes-Magallanes Basin, Patagonian Andes, Chile. Geol. Soc. Am. Bull. 117,
1596–1614.

Fildani, A., Cope, T.D., Graham, S.A., Wooden, J.L., 2003. Initiation of the Magallanes
foreland basin: timing of the southernmost Patagonian Andes orogeny revised by
detrital zircon provenance analysis. Geology 31, 1081–1084.

Fildani, A., Romans, B.W., Fosdick, J.C., Crane, W.H., Hubbard, S.M., 2008. Orogenesis of
the Patagonian Andes as reflected by basin evolution in southernmost South America.
Ariz. Geol. Soc. Dig. 22, 259–268.

Fitch, T.J., 1972. Plate convergence, transcurrent faults, and internal deformation ad-
jacent to southeast Asia and the western Pacific. J. Geophys. Res. 77, 4432–4460.

Flemings, P.B., Jordan, T.E., 1989. A synthetic stratigraphic model of foreland basin
development. J. Geophys. Res. 94, 3851–3866.

Flesch, L.M., Kreemer, C., 2010. Gravitational potential energy and regional stress and
strain rate fields for continental plateaus: examples from the central Andes and
Colorado Plateau. Tectonophysics 482, 182–192.

Folguera, A., Ramos, V.A., 2011. Repeated eastward shifts of arc magmatism in the
Southern Andes: a revision to the long-term pattern of Andean uplift and magmatism.
J. S. Am. Earth Sci. 32, 531–546.

Folguera, A., Naranjo, J.A., Orihashi, Y., Sumino, H., Nagao, K., Polanco, E., Ramos, V.A.,
2009. Retroarc volcanism in the northern San Rafael Block (34° 35°30’S), southern

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

302

http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0530
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0530
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0540
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0540
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0545
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0545
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0545
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0575
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2105
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2105
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2105
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0585
http://dx.doi.org/10.1029/2011TC002948
http://dx.doi.org/10.1029/2011TC002948
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0605
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0605
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0605
http://dx.doi.org/10.1029/2005TC001894
http://dx.doi.org/10.1029/2005TC001894
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0620
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0620
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0620
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0625
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0625
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0630
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0630
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0630
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0635
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0635
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0640
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0645
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0645
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0645
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0645
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0650
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0650
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0660
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0660
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0665
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0665
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0665
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0675
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0675
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0675
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0680
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0680
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0680
http://dx.doi.org/10.1029/2005TC001869
http://dx.doi.org/10.1029/2005TC001869
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0690
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0690
http://dx.doi.org/10.1002/tect.20073
http://dx.doi.org/10.1002/tect.20073
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0700
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0700
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0700
http://dx.doi.org/10.1029/2004TC001675
http://dx.doi.org/10.1029/2004TC001675
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0710
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0710
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0710
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0710
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0715
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0715
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0715
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0715
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0715
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0725
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0725
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0725
http://dx.doi.org/10.1029/2007TC002175
http://dx.doi.org/10.1029/2007TC002175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0740
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0740
http://dx.doi.org/10.1029/2004TC001667
http://dx.doi.org/10.1029/2004TC001667
http://dx.doi.org/10.1029/2009TC002480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0755
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0755
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0760
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0760
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0760
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0770
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0770
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0770
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0775
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0775
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0775
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0780
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0780
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0785
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0785
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0790
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0790
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0790
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0795
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0795
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0795
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2085
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2085


Central Andes: occurrence, age, and tectonic setting. J. Volcanol. Geotherm. Res. 186,
169–185.

Folguera, A., Ramos, V.A., González Díaz, E.F., Hermanns, R., 2006. Miocene to
Quaternary deformation of the Guañacos fold-and-thrust belt in the Neuquén Andes
between 37°S and 37°30′S. In: Kay, S.M., Ramos, V.A. (Eds.), Evolution of an Andean
margin: A Tectonic and Magmatic View from the Andes to the Neuquén Basin
(35°–39°S lat). Geological Society of America Special Paper 407pp. 163–184
doi:10.1130/2006.2407(11).

Folguera, A., Rojas Vera, E., Bottessi, G., Zamora Valcarce, G., Ramos, V.A., 2010. The
Loncopué trough: a Cenozoic basin produced by extension in the southern Central
Andes. J. Geodyn. 49, 287–295.

Folguera, Alicia, Zárate, M., Tedesco, A., Dávila, F., Ramos, V.A., 2015. Evolution of the
Neogene Andean foreland basins of the Southern Pampas and Northern Patagonia
(34°–41°S), Argentina. J. S. Am. Earth Sci. 64, 452–466.

Folguera, A., Gianni, G., Sagripanti, L., Rojas Vera, E., Novara, I., Colavitto, B., Alvarez,
O., Orts, D., Tobal, J., Giménez, M., Introcaso, A., Ruiz, F., Martínez, P., Ramos, V.A.,
2015a. A review about the mechanisms associated with active deformation, regional
uplift and subsidence in southern South America. J. S. Am. Earth Sci. 64, 511–529.

Folguera, A., Bottesi, G., Duddy, I., Martín-González, F., Orts, D., Sagripanti, L., Vera,
E.R., Ramos, V.A., 2015b. Exhumation of the Neuquén Basin in the southern Central
Andes (Malargüe fold and thrust belt) from field data and low-temperature thermo-
chronology. J. S. Am. Earth Sci. 64, 381–398.

Folguera, A., Naipauer, M., Sagripanti, L., Ghiglione, M.C., Orts, D.L., Giambiagi, L.,
2016. An introduction to the Southern Andes (33–50°S): Book Structure. In: Folguera,
A., Naipauer, M., Sagripanti, L., Ghiglione, M.C., Orts, D.L., Giambiagi, L. (Eds.),
Growth of the Southern Andes. Springer, Berlin, pp. 1–7.

Ford, M., 2004. Depositional wedge tops: interaction between low basal friction external
orogenic wedges and flexural foreland basins. Basin Res. 16, 361–375.

Fosdick, J.C., Romans, B.W., Fildani, A., Bernhardt, A., Calderón, M., Graham, S.A., 2011.
Kinematic evolution of the Patagonian retroarc fold-and-thrust belt and Magallanes
foreland basin, Chile and Argentina, 51°30′S. Geol. Soc. Am. Bull. 123, 1679–1698.

Fosdick, J.C., Graham, S.A., Hilley, G.E., 2014. Influence of attenuated lithosphere and
sediment loading on flexure of the deep-water Magallanes retroarc foreland basin,
southern Andes. Tectonics 33, 2505–2525.

Fosdick, J.C., Grove, M., Graham, S.A., Hourigan, J.K., Lovera, O., Romans, B.W., 2015.
Detrital thermochronologic record of burial heating and sediment recycling in the
Magallanes foreland basin, Patagonian Andes. Basin Res. 27, 546–572.

Fosdick, J.C., Reat, E.J., Carrapa, B., Ortiz, G., Alvarado, P.M., 2017. Retroarc basin re-
organization and aridification during Paleogene uplift of the southern central Andes.
Tectonics 36, 493–514.

Franzese, J.R., Spalletti, L.A., 2001. Late Triassic-early Jurassic continental extension in
southwestern Gondwana: tectonic segmentation and pre-break-up rifting. J. S. Am.
Earth Sci. 14, 257–270.

Fuentes, F., Horton, B.K., Starck, D., Boll, A., 2016. Structure and tectonic evolution of
hybrid thick- and thin-skinned systems in the Malargüe fold-thrust belt, Neuquén
basin, Argentina. Geol. Mag. 153, 1066–1084.

Galeazzi, J.S., 1998. Structural and stratigraphic evolution of the Western Malvinas Basin,
Argentina. Am. Assoc. Pet. Geol. Bull. 82, 596–636.

Gansser, A., 1973. Facts and theories on the Andes. J. Geol. Soc. Lond. 129, 93–131.
García Morabito, E., Ramos, V.A., 2012. Andean evolution of the Aluminé fold and thrust

belt, Northern Patagonian Andes (38°30′–40°30′S). J. S. Am. Earth Sci. 38, 13–30.
Garrido, A., Kramarz, A., Forasiepi, A., Bond, M., 2012. Estratigrafía, mamíferos fósiles y

edad de las secuencias volcanosedimentarias eoceno-miocenas de la sierra de
Huantraico-sierra Negra y cerro Villegas (provincia del Neuquén, Argentina). Andean
Geol. 39, 482–510.

Garzione, C.N., Molnar, P., Libarkin, J.C., MacFadden, B., 2006. Rapid late Miocene rise
of the Andean plateau: evidence for removal of mantle lithosphere. Earth Planet. Sci.
Lett. 241, 543–556.

Garzione, C.N., McQuarrie, N., Perez, N.D., Ehlers, T.A., Beck, S.L., Kar, N., Eichelberger,
N., Chapman, A.D., Ward, K.M., Ducea, M.N., Lease, R.O., Poulsen, C.J., Wagner, L.S.,
Saylor, J.E., Zandt, G., Horton, B.K., 2017. The tectonic evolution of the Central
Andean Plateau and geodynamic implications for the growth of plateaus. Annu. Rev.
Earth Planet. Sci. 45, 529–559. http://dx.doi.org/10.1146/annurev-earth-063016-
020612.

Gehrels, G., 2014. Detrital zircon U-Pb geochronology applied to tectonics. Annu. Rev.
Earth Planet. Sci. 42, 127–149.

Gehrels, G.E., Valencia, V.A., Ruiz, J., 2008. Enhanced precision, accuracy, efficiency,
and spatial resolution of U-Pb ages by laser ablation–multicollector–inductively
coupled plasma–mass spectrometry. Geochem. Geophys. Geosyst. 9, QO3017. http://
dx.doi.org/10.1029/2007/GC001805.

Gentry, A.H., 1982. Neotropical floristic diversity: phytogeographical connections be-
tween Central and South America, Pleistocene climatic fluctuations, or an accident of
the Andean orogeny? Ann. Mo. Bot. Gard. 69, 557–593.

George, S.W.M., Horton, B.K., 2017. Provenance of Miocene hinterland basins in Ecuador:
Implications for the growth of topographic barriers in the northern Andes. In: Am.
Geophys. Union Fall Meeting, abstract #T23D-0650.

George, S.W.M., Jackson, L.J., Horton, B.K., 2015. Detrital zircon provenance record of
pre-Andean to modern tectonics in the northern Andes. In: Am. Geophys. Union Fall
Meeting, abstract #T23A-2932.

Ghiglione, M.C., Quinteros, J., Yagupsky, D., Bonillo-Martínez, P., Hlebszevtich, J.,
Ramos, V.A., Vergani, G., Figueroa, D., Quesada, S., Zapata, T., 2010. Structure and
tectonic history of the foreland basins of southernmost South America. J. S. Am. Earth
Sci. 29, 262–277.

Ghiglione, M.C., Likerman, J., Giambiagi, L.B., Aguirre-Urreta, B., Suarez, F., 2014.
Geodynamic context for the deposition of coarse-grained deep-water axial channel
systems in the Patagonian Andes. Basin Res. 26, 726–745.

Ghiglione, M.C., Naipauer, M., Sue, C., Barberón, V., Valencia, V., Aguirre-Urreta, M.B.,
Ramos, V.A., 2015. U-Pb zircon ages from the northern Austral basin and their cor-
relation with the Early Cretaceous exhumation and volcanism of Patagonia. Cretac.
Res. 55, 116–128.

Ghiglione, M.C., Ramos, V., Cuitiño, J., Barberón, V., 2016a. Growth of the Southern
Patagonian Andes (46–53°S) and its relation with subduction processes. In: Folguera,
A., Naipauer, M., Sagripanti, L., Ghiglione, M.C., Orts, D.L., Giambiagi, L. (Eds.),
Growth of the Southern Andes. Springer, Berlin, pp. 201–240.

Ghiglione, M.C., Sue, C., Ramos, M.E., Tobal, J.E., Gallardo, R.E., 2016b. The relation
between Neogene denudation of the southernmost Andes and sedimentation in the
offshore Argentine and Malvinas basins during the opening of the Drake Passage. In:
Ghiglione, M. (Ed.), Geodynamic Evolution of the Southernmost Andes: Connections
with the Scotia Arc. Springer, Berlin, pp. 109–135.

Giambiagi, L., Bechis, F., Garcia, V., Clark, A.H., 2008. Temporal and spatial relationships
of thick- and thin-skinned deformation: a case study from the Malargüe fold and
thrust belt, southern Central Andes. Tectonophysics 459, 123–139.

Giambiagi, L., Mescua, J., Bechis, F., Tassara, A., Hoke, G.D., 2012. Thrust belts of the
southern Central Andes: along-strike variations in shortening, topography, crustal
geometry, and denudation. Geol. Soc. Am. Bull. 124, 1339–1351.

Giambiagi, L., et al., 2015. Evolution of shallow and deep structures along the
Maipo–Tunuyan transect (33°40′S): from the Pacific coast to the Andean foreland. In:
Sepúlveda, S.A., Giambiagi, L.B., Moreiras, S.M., Pinto, L., Tunik, M., Hoke, G.D.,
Farías, M. (Eds.), Geodynamic Processes in the Andes of Central Chile and Argentina:
Geological Society of London Special Publication. vol. 399. pp. 63–82.

Giambiagi, L., Alvarez, P., Spagnotto, S., 2016a. Temporal variation of the stress field
during the construction of the central Andes: constrains from the volcanic arc region
(22–26°S), Western Cordillera, Chile, during the last 20 Ma. Tectonics 35. http://dx.
doi.org/10.1002/2016TC004201.

Giambiagi, L., Mescua, J., Bechis, F., Hoke, G., Suriano, J., Spagnotto, S., Moreiras, S.M.,
Lossada, A., Mazzitelli, M., Dapoza, R.T., Folguera, A., Mardonez, D., Pagano, D.S.,
2016b. Cenozoic orogenic evolution of the southern central Andes (32–36°S). In:
Folguera, A., Naipauer, M., Sagripanti, L., Ghiglione, M.C., Orts, D.L., Giambiagi, L.
(Eds.), Growth of the Southern Andes. Springer, Berlin, pp. 99–114.

Gianni, G., Navarrete, C., Orts, D., Tobal, J., Folguera, A., Giménez, M., 2015. Patagonian
broken foreland and related synorogenic rifting: the origin of the Chubut Group
Basin. Tectonophysics 649, 81–99.

Gillis, R.J., Horton, B.K., Grove, M., 2006. Thermochronology, geochronology, and upper
crustal structure of the Cordillera Real: implications for Cenozoic exhumation of the
central Andean plateau. Tectonics 25, TC6007. http://dx.doi.org/10.1029/
2005TC001887.

Giovanni, M.K., Horton, B.K., Garzione, C.N., McNulty, B., Grove, M., 2010. Extensional
basin evolution in the Cordillera Blanca, Peru: Stratigraphic and isotopic records of
detachment faulting and orogenic collapse in the Andean hinterland. Tectonics 29,
TC6007. http://dx.doi.org/10.1029/2010TC002666.

Godoy, E., Yáñez, G., Vera, E., 1999. Inversion of an Oligocene volcano-tectonic basin and
uplifting of its superimposed Miocene magmatic arc in the Chilean Central Andes:
first seismic and gravity evidences. Tectonophysics 306, 217–236.

Gombojav, M., Winkler, W., 2008. Recycling of Proterozoic crust in the Andean Amazon
foreland of Ecuador: implications for orogenic development of the Northern Andes.
Terra Nova 20, 22–31.

Gómez, E., Jordan, T.E., Allmendinger, R.W., Hegarty, K., Kelley, S., Heizler, M., 2003.
Controls on architecture of the Late Cretaceous to Cenozoic southern Middle
Magdalena Valley Basin, Colombia. Geol. Soc. Am. Bull. 115, 131–147.

Gómez, E., Jordan, T.E., Allmendinger, R.W., Cardozo, N., 2005. Development of the
Colombian foreland-basin system as a consequence of diachronous exhumation of the
northern Andes. Geol. Soc. Am. Bull. 117, 1272–1292.

González, G., Cembrano, J., Carrizo, D., Macci, A., Schneider, H., 2003. The link between
forearc tectonics and Pliocene-Quaternary deformation of the Coastal Cordillera,
northern Chile. J. S. Am. Earth Sci. 16, 321–342.

Goossens, P.J., Rose, W.I., 1973. Chemical composition and age determination of tho-
leiitic rocks in the basic igneous complex, Ecuador. Geol. Soc. Am. Bull. 84,
1043–1052.

Grabert, H., 1971. Die prae-andine des Amazonas stromsystems. Muenstersche
Forschungen zur Geologie und Palaeontologie 20 (21), 51–60.

Gregory-Wodzicki, K.M., 2000. Uplift history of the central and northern Andes: a review.
Geol. Soc. Am. Bull. 112, 1091–1105.

Grier, M.E., Salfity, J.A., Allmendinger, R.W., 1991. Andean reactivation of the
Cretaceous Salta rift, northwestern Argentina. J. S. Am. Earth Sci. 4, 351–372.

Groeber, P., 1951. La Alta Cordillera entre las latitudes 34° y 29°30′: Revista del Instituto
Nacional de Investigación de las Ciencias Naturales, Museo Argentino de Ciencias
Naturales “Bernardino Rivadavia”. Ciencias Geológicas 1 (5), 235–352.

Gruetzner, J., Uenzelmann-Neben, G., Franke, D., 2012. Variations in sediment transport
at the central Argentine continental margin during the Cenozoic. Geochem. Geophys.
Geosyst. 13, Q10003. http://dx.doi.org/10.1029/2012GC004266.

Gutierrez, E.G., Horton, B.K., Vallejo, C., 2017. Provenance and geochronological insights
into Late Cretaceous-Paleogene foreland basin development in the Subandean Zone
and Oriente Basin of Ecuador. In: Am. Geophys. Union Fall Meeting, abstract #T23D-
0634.

Gutscher, M.A., Spakman, W., Bijwaard, H., Engdahl, E.R., 2000. Geodynamics of flat
subduction: seismicity and tomographic constraints from the Andean margin.
Tectonics 19, 814–833.

Hall, S.R., Farber, D.L., Audin, L., Finkel, R.C., 2012. Recently active contractile de-
formation in the forearc of southern Peru. Earth Planet. Sci. Lett. 337, 85–92.

Haq, B.U., 2014. Cretaceous eustasy reconsidered. Glob. Planet. Chang. 113, 44–58.
Hartley, A.J., May, G., Chong, G., Turner, P., Kape, S.J., Jolley, E.J., 2000. Development

of a continental forearc: a Cenozoic example from the Central Andes, northern Chile.
Geology 28, 331–334.

Haschke, M., Siebel, W., Günther, A., Scheuber, E., 2002. Repeated crustal thickening and
recycling during the Andean orogeny in north Chile (21°–26°S). J. Geophys. Res. 107,
2019. http://dx.doi.org/10.1029/2001JB000328.

Haschke, M., Gunther, A., Melnick, D., Echtler, H., Reutter, K.J., Scheuber, E., Oncken, O.,
2006. Central and southern Andean tectonic evolution inferred from arc magmatism.
In: Oncken, O., Chong, G., Franz, G., Giese, P., Gotze, H.J., Ramos, V.A., Strecker,
M.R., Wigger, P. (Eds.), The Andes: Active Subduction Orogeny. Springer-Verlag,

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

303

http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2085
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2085
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0805
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0805
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0805
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0810
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0810
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0810
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0815
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0815
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0815
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0815
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0825
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0825
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0825
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0825
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0830
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0830
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0835
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0835
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0835
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0840
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0840
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0840
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9990
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9990
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9990
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0845
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0845
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0845
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0850
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0850
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0850
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0855
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0855
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0855
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0860
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0860
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0865
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0870
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0870
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf5030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf5030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf5030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf5030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0875
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0875
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0875
http://dx.doi.org/10.1146/annurev-earth-063016-020612
http://dx.doi.org/10.1146/annurev-earth-063016-020612
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0885
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0885
http://dx.doi.org/10.1029/2007/GC001805
http://dx.doi.org/10.1029/2007/GC001805
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0895
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0895
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0895
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0900
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0900
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0900
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0905
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0905
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0905
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0915
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0915
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0915
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0920
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0920
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0920
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0920
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0925
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0925
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0925
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0925
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0935
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0935
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0935
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0940
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0940
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0940
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0945
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0945
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0945
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0945
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0945
http://dx.doi.org/10.1002/2016TC004201
http://dx.doi.org/10.1002/2016TC004201
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0960
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0960
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0960
http://dx.doi.org/10.1029/2005TC001887
http://dx.doi.org/10.1029/2005TC001887
http://dx.doi.org/10.1029/2010TC002666
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0990
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0990
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0990
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0995
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0995
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf0995
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1020
http://dx.doi.org/10.1029/2012GC004266
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1040
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1045
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1050
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1050
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1050
http://dx.doi.org/10.1029/2001JB000328


Berlin, pp. 337–353. http://dx.doi.org/10.1007/978-3-540-48684-8_16.
Heidbach, O., Rajabi, M., Reiter, K., Ziegler, M., WSM team, 2016. World Stress Map

Database Release 2016: GFZ Data Services. doi.org/10.5880/WSM.2016.001.
Heller, P.L., Bowdler, S.S., Chambers, H.P., Coogan, J.C., Hagen, E.S., Shuster, M.W.,

Winslow, N.S., Lawton, T.F., 1986. Time of initial thrusting in the Sevier orogenic
belt, Idaho-Wyoming and Utah. Geology 14, 388–391.

Heller, P.L., Angevine, C.L., Winslow, N.S., Paola, C., 1988. Two-phase stratigraphic
model of foreland-basin sequences. Geology 16, 501–504.

Hermoza, W., 2004. Dynamique tectono-sédimentaire et restauration séquentielle du
retro-bassin d'avant-pays des Andes Centrales. [PhD thesis]. Université Paul
Sabatier, Toulouse, France 246 p.

Hermoza, W., Brusset, S., Baby, P., Gil, W., Roddaz, M., Guerrero, N., Bolanos, M., 2005.
The Huallaga foreland basin evolution: thrust propagation in a deltaic environment,
northern Peruvian Andes. J. S. Am. Earth Sci. 19, 21–34.

Hernández, R.M., Jordan, T.E., Farjat, A.D., Echavarria, L., Idleman, B.D., Reynolds, J.H.,
2005. Age, distribution, tectonics, and eustatic controls of the Paranense and
Caribbean marine transgressions in southern Bolivia and Argentina. J. S. Am. Earth
Sci. 19, 495–512.

Hilley, G.E., Coutand, I., 2010. Links between topography, erosion, rheological hetero-
geneity, and deformation in contractional settings: insights from the central Andes.
Tectonophysics 495, 78–92.

Hilley, G.E., Strecker, M.R., 2004. Steady state erosion of critical Coulomb wedges with
applications to Taiwan and the Himalaya. J. Geophys. Res. 109, B01411. http://dx.
doi.org/10.1029/2002JB002284.

Hoorn, C., Guerrero, J., Sarmiento, G.A., Lorente, M.A., 1995. Andean tectonics as a cause
for changing drainage patterns in Miocene northern South America. Geology 23,
237–240.

Hoorn, C., Wesselingh, F.P., ter Steege, H., Bermudez, M.A., Mora, A., Sevink, J.,
Sanmartin, I., Sanchez-Meseguer, A., Anderson, C.L., Figueiredo, J.P., Jaramillo, C.,
Riff, D., Negri, F.R., Hooghiemstra, H., Lundberg, J., Stadler, T., Sarkinen, T.,
Antonelli, A., 2010. Amazonia through time: Andean uplift, climate change, land-
scape evolution, and biodiversity. Science 330, 927–931.

Hoorn, C., Bogotá-A, G.R., Romero-Baez, M., Lammertsma, E.I., Flantua, S.G.A., Dantas,
E.L., Dino, R., do Carmo, D.A., Chemale Jr., F., 2017. The Amazon at sea: onset and
stages of the Amazon River froma marine record, with special reference to Neogene
plant turnover in the drainage basin. Glob. Planet. Chang. 153, 51–65.

Horton, B.K., 1998. Sediment accumulation on top of the Andean orogenic wedge: oli-
gocene to late Miocene basins of the Eastern Cordillera, southern Bolivia. Geol. Soc.
Am. Bull. 110, 1174–1192.

Horton, B.K., 1999. Erosional control on the geometry and kinematics of thrust belt de-
velopment in the central Andes. Tectonics 18, 1292–1304.

Horton, B.K., 2005. Revised deformation history of the central Andes: inferences from
Cenozoic foredeep and intermontane basins of the Eastern Cordillera, Bolivia.
Tectonics 24, TC3011. http://dx.doi.org/10.1029/2003TC001619.

Horton, B.K., 2012. Cenozoic evolution of hinterland basins in the Andes and Tibet. In:
Busby, C., Azor, A. (Eds.), Tectonics of Sedimentary Basins: Recent Advances. Wiley-
Blackwell, Oxford, UK, pp. 427–444.

Horton, B.K., 2017. The drainage history of large river systems during growth of the
northern Andes. In: VIII Jornadas en Ciencias de la Tierra, Escuela Politécnica
Nacional, Quito, Ecuador.

Horton, B.K., 2018. Tectonic regimes of the central and southern Andes: responses to
variations in plate coupling during subduction. Tectonics 37. http://dx.doi.org/10.
1002/2017TC004624.

Horton, B.K., DeCelles, P.G., 1997. The modern foreland basin system adjacent to the
central Andes. Geology 25, 895–898.

Horton, B.K., DeCelles, P.G., 2001. Modern and ancient fluvial megafans in the foreland
basin system of the central Andes, southern Bolivia: implications for drainage net-
work evolution in fold-thrust belts. Basin Res. 13, 43–63.

Horton, B.K., Fuentes, F., 2016. Sedimentary record of plate coupling and decoupling
during growth of the Andes. Geology 44, 647–650.

Horton, B.K., Hampton, B.A., Waanders, G., 2001. Paleogene synorogenic sedimentation
in the Altiplano plateau and implications for initial mountain building in the central
Andes. Geol. Soc. Am. Bull. 113, 1387–1400.

Horton, B.K., Hampton, B.A., LaReau, B.N., Baldellón, E., 2002. Tertiary provenance
history of the northern and central Altiplano (central Andes, Bolivia): a detrital re-
cord of plateau-margin tectonics. J. Sediment. Res. 72, 711–726.

Horton, B.K., Saylor, J.E., Nie, J., Mora, A., Parra, M., Reyes-Harker, A., Stockli, D.F.,
2010. Linking sedimentation in the northern Andes to basement configuration,
Mesozoic extension, and Cenozoic shortening: evidence from detrital zircon U-Pb
ages, Eastern Cordillera, Colombia. Geol. Soc. Am. Bull. 122, 1423–1442.

Horton, B.K., Anderson, V.J., Caballero, V., Saylor, J.E., Nie, J., Parra, M., Mora, A.,
2015a. Application of detrital zircon U-Pb geochronology to surface and subsurface
correlations of provenance, paleodrainage, and tectonics of the Middle Magdalena
Valley Basin of Colombia. Geosphere 11, 1790–1811.

Horton, B.K., Perez, N.D., Fitch, J.D., Saylor, J.E., 2015b. Punctuated shortening and
subsidence in the Altiplano plateau of southern Peru: implications for early Andean
mountain building. Lithosphere 7, 117–137.

Horton, B.K., Fuentes, F., Boll, A., Starck, D., Ramirez, S.G., Stockli, D.F., 2016. Andean
stratigraphic record of the transition from backarc extension to orogenic shortening:
a case study from the northern Neuquén basin, Argentina. J. S. Am. Earth Sci. 71,
17–40.

Hovikoski, J., Räsänen, M.E., Gingras, M., Roddaz, M., Busset, S., Hermoza, W., Romero
Pittman, L., 2005. Miocene semidiurnal tidal rhythmites in Madres de Dios, Peru.
Geology 33, 177–180.

Howell, J.A., Schwartz, E., Spalletti, L.A., Veiga, G.D., 2005. The Neuquén Basin: an
overview. In: Veiga, G.D., Spalletti, L.A., Howell, J.A., Schwartz, E. (Eds.), The
Neuquén Basin, Argentina: A Case Study in Sequence Stratigraphy and Basin
Dynamics: Geological Society of London Special Publication. vol. 252. pp. 1–14.

Hsü, 1997. Puzzling questions in the simple history of a continent. In: Seeley, R.C. (Ed.),
African Basins, Sedimentary Basins of the World. Vol. 3. Elsevier Science,

Amsterdam, pp. 379–382.
Hungerbühler, D., Steinmann, M., Winkler, W., Seward, D., Eguez, A., Peterson, D.E.,

Helg, U., Hammer, C., 2002. Neogene stratigraphy and Andean geodynamics of
southern Ecuador. Earth Sci. Rev. 57, 75–124.

Husson, L., Conrad, C.P., Faccenna, C., 2012. Plate motions, Andean orogeny, and vol-
canism above the South Atlantic convection cell. Earth Planet. Sci. Lett. 317–318,
126–135.

Iaffaldano, G., Bunge, H.P., 2009. Relating rapid plate-motion variations to plate-
boundary forces in global coupled models of the mantle/lithosphere system: effects of
topography and friction. Tectonophysics 474, 393–404.

Iannelli, S.B., Litvak, V.D., Fernández Paz, L., Folguera, A., Ramos, M.E., Ramos, V.A.,
2017. Evolution of Eocene to Oligocene arc-related volcanism in the North
Patagonian Andes (39–41°S), prior to the break-up of the Farallon plate.
Tectonophysics 696–697, 70–87.

Ibañez-Mejia, M., Ruiz, J., Valencia, V.A., Cardona, A., Gehrels, G.E., Mora, A.R., 2011.
The Putumayo orogen of Amazonia and its implications for Rodinia reconstructions:
new U-Pb geochronological insights into the Proterozoic tectonic evolution of
northwestern South America. Precambrian Res. 191, 58–77.

Insel, N., Poulsen, C.J., Ehlers, T.A., 2010. Influence of the Andes Mountains on South
American moisture transport, convection, and precipitation. Clim. Dyn. 35,
1477–1492.

Insel, N., Grove, M., Haschke, M., Barnes, J.B., Schmitt, A.K., Strecker, M.R., 2012.
Paleozoic to early Cenozoic cooling and exhumation of the basement underlying the
eastern Puna plateau margin prior to plateau growth. Tectonics 31, TC6006. http://
dx.doi.org/10.1029/2012TC003168.

Irving, E.M., 1971. Structural Evolution of the Northernmost Andes, Colombia: U.S.
Geological Survey Professional Paper 846, Washington, DC. 27 p.

Isacks, B.L., 1988. Uplift of the central Andean plateau and bending of the Bolivian
orocline. J. Geophys. Res. 93, 3211–3231.

Jackson, L.J., Carlotto, V., Horton, B.K., Rosell, L., 2015. Early Cenozoic shortening and
foreland basin sedimentation in the Marañon fold-thrust belt, Central Peruvian
Andes. In: Am. Geophys. Union Fall Meeting, abstract #T23A-2915.

Jacques, J.M., 2003. A tectonostratigraphic synthesis of the Sub-Andean basins: im-
plications for the geotectonic segmentation of the Andean Belt. J. Geol. Soc. Lond.
160, 687–701.

Jaillard, E., 1997. Síntesis estratigráfica y sedimentológica del Cretácico y Paleógeno de la
Cuenca Oriental del Ecuador: Informe final del convenio ORSTOM-Petroproducción,
Quito, Ecuador. 164 p.

Jaillard, E., Soler, P., Carlier, G., Mourier, T., 1990. Geodynamic evolution of the
Northern and Central Andes during early - middle Mesozoic times: a Tethyan model.
J. Geol. Soc. Lond. 147, 1009–1022.

Jaillard, E., Hérail, G., Monfret, T., Díaz-Martínez, E., Baby, P., Lavenu, A., Dumont, J.F.,
2000. Tectonic evolution of the Andes of Ecuador, Peru, Bolivia and northernmost
Chile. In: Cordani, U.G., Milani, E.J., Thomaz Filho, A., Campos Neto, M.C. (Eds.),
Tectonic Evolution of South America: 31st International Geological Congress. Brazil,
Rio de Janeiro, pp. 481–559.

Jaillard, E., Bengtson, P., Ordoñez, M., Vaca, W., Dhondt, A., Suarez, J., Toro, J., 2008.
Sedimentary record of Terminal cretaceous accretions in Ecuador: the Yunguilla
Group in the Cuenca Area. J. S. Am. Earth Sci. 25, 133–144.

James, D.E., 1971. Plate-tectonic model for the evolution of the central Andes. Geol. Soc.
Am. Bull. 82, 3325–3346.

James, D.E., Sacks, S., 1999. Cenozoic formation of the central Andes: a geophysical
perspective. In: Skinner, B.J. (Ed.), Geology and Ore Deposits of the Central Andes:
Society of Economic Geologists Special Publication. 7. pp. 1–25.

Japas, M.S., Re, G.H., Oriolo, S., Vilas, J.F., 2016. Palaeomagnetic data from the
Precordillera fold and thrust belt constraining Neogene foreland evolution of the
Pampean flat-slab segment (Central Andes, Argentina). In: Pueyo, E.L., Cifelli, F.,
Sussman, A.J., Oliva-Urcia, B. (Eds.), Palaeomagnetism in Fold and Thrust Belts: New
Perspectives: Geological Society of London Special Publication. 425. pp. 81–105.
http://dx.doi.org/10.1144/SP425.9.

Jaramillo, C., et al., 2017. Miocene flooding events of western Amazonia. Sci. Adv. 3.
http://dx.doi.org/10.1126/sciadv.1601693.

Jarrard, R.D., 1986. Relations among subduction parameters. Rev. Geophys. 24, 217–284.
Jeffery, M.L., Poulsen, C.J., Ehlers, T.A., 2012. Impacts of Cenozoic global cooling, sur-

face uplift, and an inland seaway on South American paleoclimate and precipitation
d18O. Geol. Soc. Am. Bull. 124, 335–351.

Jordan, T.E., 1995. Retroarc foreland and related basins. In: Busby, C.J., Ingersoll, R.V.
(Eds.), Tectonics of Sedimentary Basins. Blackwell Science, Cambridge,
Massachusetts, pp. 331–362.

Jordan, T.E., Alonso, R.N., 1987. Cenozoic stratigraphy and basin tectonics of the Andes
Mountains, 20°–28° south latitude. Am. Assoc. Pet. Geol. Bull. 71, 49–64.

Jordan, T.E., Isacks, B.L., Allmendinger, R.W., Brewer, J.A., Ramos, V.A., Ando, C.J.,
1983. Andean tectonics related to geometry of subducted Nazca plate. Geol. Soc. Am.
Bull. 94, 341–361.

Jordan, T.E., Allmendinger, R.W., Damanti, J.F., Drake, R.E., 1993. Chronology of motion
in a complete thrust belt: The Precordillera, 30–31°S, Andes Mountains. J. Geol. 101,
135–156.

Jordan, T.E., Burns, W.M., Veiga, R., Pángaro, F., Copeland, P., Kelley, S., Mpodozis, C.,
2001a. Extension and basin formation in the southern Andes caused by increased
convergence rate: a mid-Cenozoic trigger for the Andes. Tectonics 20, 308–324.

Jordan, T.E., Schlunegger, F., Cardozo, N., 2001b. Unsteady and spatially variable evo-
lution of the Neogene Andean Bermejo foreland basin, Argentina. J. S. Am. Earth Sci.
14, 775–798.

Jordan, T.E., Nester, P.L., Blanco, N., Hoke, G.D., Dávila, F., Tomlinson, A.J., 2010. Uplift
of the Altiplano-Puna plateau: a view from the west. Tectonics 29, TC5007. http://dx.
doi.org/10.1029/2010TC002661.

Kay, S.M., Coira, B.L., 2009. Shallowing and steepening subduction zones, continental
lithospheric loss, magmatism, and crustal flow under the Central Andean Altiplano-
Puna Plateau. In: Kay, S.M., Ramos, V.A., Dickinson, W.R. (Eds.), Backbone of the
Americas: Shallow Subduction, Plateau Uplift, and Ridge and Terrane Collision:

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

304

http://dx.doi.org/10.1007/978-3-540-48684-8_16
http://doi.org/10.5880/WSM.2016.001
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1070
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1070
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1070
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1075
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1075
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1080
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1080
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1080
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1085
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1085
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1085
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1095
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1095
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1095
http://dx.doi.org/10.1029/2002JB002284
http://dx.doi.org/10.1029/2002JB002284
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1105
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1105
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1105
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1115
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1120
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1125
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1125
http://dx.doi.org/10.1029/2003TC001619
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9005
http://dx.doi.org/10.1002/2017TC004624
http://dx.doi.org/10.1002/2017TC004624
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3005
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1145
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1145
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1210
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1210
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1210
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1225
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1225
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1225
http://dx.doi.org/10.1029/2012TC003168
http://dx.doi.org/10.1029/2012TC003168
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1240
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1240
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1245
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1245
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1245
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1250
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1250
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1250
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1260
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1260
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1260
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2060
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2060
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1275
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1275
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1275
http://dx.doi.org/10.1144/SP425.9
http://dx.doi.org/10.1126/sciadv.1601693
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1290
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1295
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1295
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1295
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1305
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1325
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1325
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1325
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1330
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1330
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1330
http://dx.doi.org/10.1029/2010TC002661
http://dx.doi.org/10.1029/2010TC002661
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1340


Geological Society of America Memoir. vol. 204. pp. 229–259.
Kay, S.M., Mpodozis, C., Coira, B., 1999. Neogene magmatism, tectonism, and mineral

deposits of the central Andes (22°S to 33°S latitude). In: Skinner, B.J. (Ed.), Geology
and Ore Deposits of the Central Andes: Society of Economic Geologists Special
Publication. vol. 7. pp. 27–59.

Kay, S.M., Godoy, E., Kurtz, A., 2005. Episodic arc migration, crustal thickening, sub-
duction erosion, and magmatism in the south-central Andes. Geol. Soc. Am. Bull. 117,
67–88.

Kennan, L., 2000. Large-scale geomorphology of the Andes: interrelationships of tec-
tonics, magmatism and climate. In: Summerfield, M.A. (Ed.), Geomorphology and
Global Tectonics. John Wiley and Sons, New York, pp. 167–199.

Kennan, L., Lamb, S., Rundle, C., 1995. K-Ar dates from the Altiplano and Cordillera
Oriental of Bolivia: implications for Cenozoic stratigraphy and tectonics. J. S. Am.
Earth Sci. 8, 163–186.

Kerr, A.C., Aspden, J.A., Tarney, J., Pilatasig, L.F., 2002. The nature and provenance of
accreted oceanic blocks in western Ecuador: geochemical and tectonic constraints. J.
Geol. Soc. Lond. 159, 577–594.

Kerr, A.C., White, R.V., Thompson, P.M., Tarnez, J., Saunders, A.D., 2003. No oceanic
plateau–no Caribbean plate? The seminal role of an oceanic plateau in Caribbean
plate evolution. In: Bartolini, C., Buffler, R.T., Blickwede, J. (Eds.), The Circum-Gulf
of Mexico and the Caribbean: Hydrocarbon Habitats, Basin Formation, and Plate
Tectonics: American Association of Petroleum Geologists Memoir. vol. 79. pp.
126–168.

Klepeis, K., Betka, P., Clarke, G., Fanning, M., Hervé, F., Rojas, L., Mpodozis, C., Thomson,
S., 2010. Continental underthrusting and obduction during the Cretaceous closure of
the Rocas Verdes rift basin, Cordillera Darwin, Patagonian Andes. Tectonics 29,
TC3014. http://dx.doi.org/10.1029/2009TC002610.

Kley, J., 1996. Transition from basement-involved to thin-skinned thrusting in the
Cordillera Oriental of southern Bolivia. Tectonics 15, 763–775.

Kley, J., Monaldi, C.R., 1998. Tectonic shortening and crustal thickness in the Central
Andes: How good is the correlation? Geology 26, 723–726.

Kley, J., Monaldi, C.R., 2002. Tectonic inversion in the Santa Barbara system of the
central Andean foreland thrust belt, northwestern Argentina. Tectonics 21, 1061.
http://dx.doi.org/10.1029/2002TC902003.

Kley, J., Müller, J., Tawackoli, S., Jacobshagen, V., Manutsoglu, E., 1997. Pre-Andean and
Andean-age deformation in the Eastern Cordillera of southern Bolivia. J. S. Am. Earth
Sci. 10, 1–19.

Kley, J., Monaldi, C.R., Salfity, J.A., 1999. Along-strike segmentation of the Andean
foreland: causes and consequences. Tectonophysics 301, 75–94.

Kohn, M.J., Spear, F.S., Harrison, T.M., Dalziel, I.W.D., 1995. 40Ar/39Ar geochronology
and P-T-t paths from the Cordillera Darwin metamorphic complex, Tierra del Fuego,
Chile. J. Metamorph. Geol. 13, 251–270.

Kozlowski, E., Manceda, R., Ramos, V.A., 1993. Estructura. In: Ramos, V.A. (Ed.),
Geología y Recursos Naturales de Mendoza: XII Congreso Geológico Argentino y II
Congreso de Exploración de Hidrocarburos, Relatorio I (18), pp. 235–256.

Kroonenberg, S.B., de Roever, E.W.F., 2010. Geological evolution of the Amazonian
Craton. In: Hoorn, C., Wesselingh, F.P. (Eds.), Amazonia, Landscape and Species
Evolution: A Look Into the Past. Wiley-Blackwell, Chichester, UK, pp. 9–28. http://
dx.doi.org/10.1002/9781444306408.ch2.

Kummel, B., 1948. Geological reconnaissance of the Contamana region, Peru. Geol. Soc.
Am. Bull. 59, 1217–1266.

Lamb, S., 2016. Cenozoic uplift of the Central Andes in northern Chile and
Bolivia—reconciling paleoaltimetry with the geological evolution. Can. J. Earth Sci.
53, 1227–1245.

Lamb, S., Davis, P., 2003. Cenozoic climate change as a possible cause for the rise of the
Andes. Nature 425, 792–797. http://dx.doi.org/10.1038/nature02049.

Lamb, S., Hoke, L., 1997. Origin of the high plateau in the Central Andes, Bolivia, South
America. Tectonics 16, 623–649.

Lamb, S., Hoke, L., Kennan, L., Dewey, J., 1997. Cenozoic evolution of the Central Andes
in Bolivia and northern Chile. In: Burg, J.P., Ford, M. (Eds.), Orogeny Through Time:
Geological Society of London Special Publication. vol. 121. pp. 237–264.

Latrubesse, E., Silva, S.F., Cozzuol, M., Absy, M.L., 2007. Late Miocene continental se-
dimentation in the southwestern Amazonia and its regional significance: biotic and
geological evidence. J. S. Am. Earth Sci. 23, 61–80.

Lawton, T.F., 1994. Tectonic setting of Mesozoic sedimentary basins, Rocky Mountain
region, United States. In: Caputo, M.V., Peterson, J.A., Franczyk, K.J. (Eds.), Mesozoic
Systems of the Rocky Mountain Region, USA: Denver. Colorado, Rocky Mountain
Section SEPM, pp. 1–26.

Lawton, T.F., 2008. Laramide sedimentary basins. In: Miall, A.D. (Ed.), The Sedimentary
Basins of the United States and Canada. Elsevier, Amsterdam, pp. 431–452.

Lease, R.O., Ehlers, T.A., Enkelmann, E., 2016. Large along-strike variations in the onset
of Subandean exhumation: implications for Central Andean orogenic growth. Earth
Planet. Sci. Lett. 451, 62–76.

Legarreta, L., Uliana, M.A., 1991. Jurassic–Cretaceous marine oscillations and geometry
of back-arc basin fill, central Argentine Andes. In: Macdonald, D.I.M. (Ed.),
Sedimentation, Tectonics and Eustasy: Sea-level Changes at Active Margins,
International Association of Sedimentologists Special Publication. vol. 12. pp.
429–450.

Leier, A., McQuarrie, N., Garzione, C.N., Eiler, J.M., 2013. Stable isotope evidence for
multiple pulses of rapid surface uplift in the Central Andes, Bolivia. Earth Planet. Sci.
Lett. 371, 49–58.

León, W., Aleman, A., Rosell, W., Torres, V., de la Cruz, O., 2008. Estratigrafía,
sedimentología y evolución tectónica de la cuenca Pisco Oriental: INGEMMET,
Boletín, v. 27, Serie D, Lima, Perú. 154 p.

Levina, M., Horton, B.K., Fuentes, F., Stockli, D.F., 2014. Cenozoic sedimentation and
exhumation of the foreland basin system preserved in the Precordillera thrust belt
(31–32°S), southern central Andes, Argentina. Tectonics 33, 1659–1680.

Litherland, M., Aspden, J., Jemielita, R.A., 1994. The Metamorphic Belts of Ecuador.
British Geological Survey Overseas Memoir, vol. 11 147 p.

Londono, J., Lorenzo, J.M., Ramirez, V., 2012. Lithospheric flexure and related base-level

stratigraphic cycles in continental foreland basins: an example from the Putumayo
Basin, Northern Andes. In: Gao, D. (Ed.), Tectonics and Sedimentation: Implications
for Petroleum Systems: American Association of Petroleum Geologists Memoir. vol.
100. pp. 357–375.

Lonsdale, P., 2005. Creation of the Cocos and Nazca plates by fission of the Farallon plate.
Tectonophysics 404, 237–264.

Louterbach, M., 2014. Propagation du front orogénique Subandin et réponse sédimentaire
associée dans le bassin d'avant-pays Amazonien (Madre de Dios, Pérou). [Ph.D.
thesis]. Université Paul Sabatier, Toulouse, France 259 p.

Louterbach, M., Roddaz, M., Antoine, P.O., Marivaux, L., Adnet, S., Bailleul, J., Dantas, E.,
Ventura Santos, R., Chemale, F., Baby, P., Sanchez, C., Calderon, Y., 2017.
Provenance record of late Maastrichtian–late Palaeocene Andean Mountain building
in the Amazonian retroarc foreland basin (Madre de Dios basin, Peru). Terra Nova.
http://dx.doi.org/10.1111/ter.12303.

Loveless, J.P., Hoke, G.D., Allmendinger, R.W., González, G., Isacks, B.L., Carrizo, D.A.,
2005. Pervasive cracking of the northern Chilean Coastal Cordillera: new evidence for
forearc extension. Geology 33, 973–976.

Loveless, J.P., Allmendinger, R.W., Pritchard, M.E., Gonzalez, G., 2010. Normal and re-
verse faulting driven by the subduction zone earthquake cycle in the northern
Chilean forearc. Tectonics 29, TC2001. http://dx.doi.org/10.1029/2009TC002465.

Lundberg, J.G., Marshall, L.G., Guerrero, J., Horton, B., Malabarba, M.C., Wesselingh, F.,
1998. The stage for neotropical fish diversification: a history of tropical South
American rivers. In: Malabarba, L.R., Reis, R.E., Vari, R.P., Lucena, C.A.S., Lucena,
Z.M.S. (Eds.), Phylogeny and Classification of Neotropical Fishes. Museu de CiÍncias e
Tecnologia, Edipucrs, Porto Alegre, Brazil, pp. 13–48.

Luo, G., Liu, M., 2009. How does trench coupling lead to mountain building in the
Subandes? A viscoelastoplastic finite element model. J. Geophys. Res. 114, B03409.
http://dx.doi.org/10.1029/2008JB005861.

Luzieux, L.D.A., Heller, F., Spikings, F., Vallejo, C.F., Winkler, W., 2006. Origin and
Cretaceous tectonic history of the coastal Ecuadorian forearc between 1°N and 3°S:
paleomagnetic, radiometric and fossil evidence. Earth Planet. Sci. Lett. 249, 400–414.

Macellari, C., Hermoza, W., 2009. Subandean segmentation and its impact on hydro-
carbon exploration in the Central/Northern Andes: X Simposio Bolivariano-
Exploracion Petrolera en las Cuencas Subandinas. ACGGP 13 p.

Macharé, J., Sebrier, M., Huaman, D., Mercier, J.L., 1986. Tectónica Cenozoica de la
margen continental peruana. Boletín de la Sociedad Geológica del Perú 76, 45–77.

Malkowski, M.A., Grove, M., Graham, S.A., 2016. Unzipping the Patagonian
Andes—Long-lived influence of rifting history on foreland basin evolution.
Lithosphere 8, 23–28.

Malkowski, M.A., Schwartz, T.M., Sharman, G.R., Sickmann, Z.T., Graham, S.A., 2017.
Stratigraphic and provenance variations in the early evolution of the Magallanes-
Austral foreland basin: implications for the role of longitudinal versus transverse
sediment dispersal during arc-continent collision. Geol. Soc. Am. Bull. 129, 349–371.

Maloney, K.T., Clarke, G.L., Klepeis, K.A., Quevedo, L., 2013. The Late Jurassic to present
evolution of the Andean margin: drivers and the geological record. Tectonics 32,
1049–1065.

Malumián, N., 2002. El Terciario marino: Sus relaciones con el eustatismo. In: Haller, M.J.
(Ed.), Geología y Recursos Naturales de Santa Cruz, Relatorio 15. I-15. Congreso
Geológico Argentino, El Calafate, pp. 237–244.

Mamani, M., Tassara, A., Wörner, G., 2008. Composition and structural control of crustal
domains in the central Andes. Geochem. Geophys. Geosyst. 9, Q03006. http://dx.doi.
org/10.1029/2007GC001925.

Mamani, M., Wörner, G., Sempere, T., 2010. Geochemical variations in igneous rocks of
the central Andean orocline (13°S to 18°S): tracing crustal thickening and magma
generation through time and space. Geol. Soc. Am. Bull. 122, 162–182.

Manceda, R., Figueroa, D., 1995. Inversion of the Mesozoic Neuquén rift in the Malargüe
fold and thrust belt, Mendoza, Argentina. In: Tankard, A.J., Suárez, R., Welsink, H.J.
(Eds.), Petroleum Basins of South America, American Association of Petroleum
Geologists Memoir. vol. 62. pp. 369–382.

Mapes, R., 2009. Past and Present Provenance of the Amazon River. [Ph.D. thesis].
University of North Carolina, Chapel Hill 185 p.

Marksteiner, R., Aleman, A., 1997. Petroleum systems along the fold belt associated to the
Marañon-Oriente-Putumayo (MOP) foreland basins. In: VI Simposio Bolivariano
“Exploración Petrolera en las Cuencas Subandinas”. vol. 2. pp. 63–74.

Marocco, R., Lavenu, A., Baudino, R., 1995. Intermontane late Paleogene–Neogene basins
of the Andes of Ecuador and Peru: Sedimentologic and tectonic characteristics. In:
Tankard, A.J., Suárez, R., Welsink, H.J. (Eds.), Petroleum Basins of South America:
American Association of Petroleum Geologists Memoir. vol. 62. pp. 597–613.

Marquillas, R.A., del Papa, C., Sabino, I.F., 2005. Sedimentary aspects and paleoenvir-
onmental evolution of a rift basin: Salta Group (Cretaceous-Paleogene), northwestern
Argentina. Int. J. Earth Sci. 94, 94–113.

Marrett, R.A., Allmendinger, R.W., Alonso, R.N., Drake, R.E., 1994. Late Cenozoic tec-
tonic evolution of the Puna plateau and adjacent foreland, northwestern Argentine
Andes. J. S. Am. Earth Sci. 7, 179–207.

Marshall, L.G., Swisher III, C.C., Lavenu, A., Hoffstetter, R., Curtis, G.H., 1992.
Geochronology of the mammal-bearing late Cenozoic on the northern Altiplano,
Bolivia. J. S. Am. Earth Sci. 5, 1–19.

Masek, J.G., Isacks, B.L., Gubbels, T.L., Fielding, E.J., 1994. Erosion and tectonics at the
margins of continental plateaus. J. Geophys. Res. 99, 13,941–13,956.

Mathalone, J.M.P., Montoya, R.M., 1995. Petroleum geology of the sub-Andean basins of
Peru. In: Tankard, A.J., Suárez, R., Welsink, H.J. (Eds.), Petroleum Basins of South
America: American Association of Petroleum Geologists Memoir. vol. 62. pp.
423–444.

McGroder, M.F., Lease, R.O., Pearson, D.M., 2015. Along-strike variation in structural
styles and hydrocarbon occurrences, Subandean fold-and-thrust belt and inner fore-
land, Colombia to Argentina. In: DeCelles, P.G., Ducea, M.N., Carrapa, B., Kapp, P.A.
(Eds.), Geodynamics of a Cordilleran Orogenic System: The Central Andes of
Argentina and Northern Chile: Geological Society of America Memoir. 212. pp.
79–114 doi:10.1130/2015.1212(05).

McQuarrie, N., 2002a. The kinematic history of the central Andean fold-thrust belt,

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

305

http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1355
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1360
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1370
http://dx.doi.org/10.1029/2009TC002610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1380
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1380
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1385
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1385
http://dx.doi.org/10.1029/2002TC902003
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1395
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1395
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1395
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1400
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1400
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1405
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1405
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1405
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1410
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1410
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1410
http://dx.doi.org/10.1002/9781444306408.ch2
http://dx.doi.org/10.1002/9781444306408.ch2
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1425
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1425
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1425
http://dx.doi.org/10.1038/nature02049
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1435
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1435
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1440
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1440
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1440
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1445
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1445
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1445
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1485
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1485
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1500
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1500
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1500
http://dx.doi.org/10.1111/ter.12303
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3580
http://dx.doi.org/10.1029/2009TC002465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1510
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1510
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1510
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1510
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1510
http://dx.doi.org/10.1029/2008JB005861
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1530
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1530
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2135
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1540
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1540
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1540
http://dx.doi.org/10.1029/2007GC001925
http://dx.doi.org/10.1029/2007GC001925
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1575
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1575
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1575
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1605


Bolivia: implications for building a high plateau. Geol. Soc. Am. Bull. 114, 950–963.
McQuarrie, N., 2002b. Initial plate geometry, shortening variations, and evolution of the

Bolivian orocline. Geology 30, 867–870.
McQuarrie, N., Horton, B.K., Zandt, G., Beck, S., DeCelles, P.G., 2005. Lithospheric

evolution of the Andean fold-thrust belt, Bolivia, and the origin of the central Andean
plateau. Tectonophysics 399, 15–37.

McQuarrie, N., Ehlers, T.A., Barnes, J.B., Meade, B., 2008a. Temporal variation in climate
and tectonic coupling in the central Andes. Geology 36, 999–1002.

McQuarrie, N., Barnes, J.B., Ehlers, T.A., 2008b. Geometric, kinematic, and erosional
history of the central Andean Plateau, Bolivia (15–17°S). Tectonics 27, TC3007.
http://dx.doi.org/10.1029/2006TC002054.

Meade, B.J., Conrad, C.P., 2008. Andean growth and the deceleration of South American
subduction: time evolution of a coupled orogen-subduction system. Earth Planet. Sci.
Lett. 275, 93–101.

Mégard, F., 1984. The Andean orogenic period and its major structures in central and
northern Peru. J. Geol. Soc. Lond. 141, 893–900.

Mégard, F., 1987. Structure and evolution of the Peruvian Andes. In: Schaer, J.P., Rogers,
J. (Eds.), The Anatomy of Mountain Ranges. Princeton University Press, Princeton,
NJ, pp. 179–210.

Mégard, F., 1989. The evolution of the Pacific Ocean margin in South America north of
Arica elbow (18°S). In: Ben-Avraham, Z. (Ed.), The Evolution of the Pacific Ocean
Margins. Oxford University Press, New York, pp. 208–230.

Mégard, F., Noble, D.C., McKee, E.H., Bellon, H., 1984. Multiple pulses of Neogene
compressive deformation in the Ayacucho intermontane basin, Andes of central Peru.
Geol. Soc. Am. Bull. 95, 1108–1117.

Mescua, J.F., Giambiagi, L.B., Tassara, A., Gimenez, M., Ramos, V.A., 2014. Influence of
pre-Andean history over Cenozoic foreland deformation: structural styles in the
Malargüe fold-and-thrust belt at 35°S, Andes of Argentina. Geosphere 10, 585–609.

Miall, A.D., 2016. The valuation of unconformities. Earth Sci. Rev. 163, 22–71.
Miall, A.D., Catuneanu, O., Vakarelov, B.K., Post, R., 2008. The Western Interior basin. In:

Miall, A.D. (Ed.), The Sedimentary Basins of the United States and Canada. Elsevier,
Amsterdam, pp. 329–362.

Miller, K.G., Kominz, M.A., Browning, J.V., Wright, J.D., Mountain, G.S., Katz, M.E.,
Sugarman, P.J., Cramer, B.S., Christie-Blick, N., Pekar, S.F., 2005. The Phanerozoic
record of global sea-level change. Science 310, 1293–1298. http://dx.doi.org/10.
1126/science.1116412.

Moberly, R., Shepherd, G.L., Coulbourn, W.T., 1982. Forearc and other basins, con-
tinental margin of northern and southern Peru and adjacent Ecuador and Chile. In:
Leggett, J.K. (Ed.), Trench-Forearc Geology: Geological Society of London Special
Publication. vol. 10. pp. 171–189.

Molnar, P., Lyon-Caen, H., 1988. Some simple physical aspects of the support, structure,
and evolution of mountain belts. In: Clark Jr.S.P. (Ed.), Processes of Continental
Lithospheric Deformation: Geological Society of America Special Paper 218, pp.
179–207.

Montes, C., Bayona, G., Cardona, A., Buchs, D., Silva, C., Morón, S., Hoyos, N., Ramírez,
D., Jaramillo, C., Valencia, V., 2012. Arc-continent collision and orocline formation:
closing of the Central American seaway. J. Geophys. Res. 117, B04105. http://dx.doi.
org/10.1029/2011JB008959.

Montes, C., Cardona, A., Jaramillo, C., Pardo, A., Silva, J.C., Valencia, V., Ayala, C., Pérez-
Angel, L.C., Rodriguez-Parra, L.A., Ramirez, V., Niño, H., 2015. Middle Miocene
closure of the Central American Seaway. Science 348 (6231), 226–229.

Montgomery, D.R., Balco, G., Willett, S.D., 2001. Climate, tectonics, and the morphology
of the Andes. Geology 29, 579–582.

Moores, E.M., Wakabayashi, J., Unruh, J.R., 2002. Crustal-scale cross-section of the US
Cordillera, California and beyond, its tectonic significance, and speculations on the
Andean orogeny. Int. Geol. Rev. 44, 479–500.

Mora, A., Parra, M., Strecker, M.R., Kammer, A., Dimaté, C., Rodríguez, F., 2006.
Cenozoic contractional reactivation of Mesozoic extensional structures in the Eastern
Cordillera of Colombia. Tectonics 25, TC2010. http://dx.doi.org/10.1029/
2005TC001854.

Mora, A., Parra, M., Strecker, M.R., Sobel, E.R., Hooghiemstra, H., Torres, V., Jaramillo,
J.V., 2008. Climatic forcing of asymmetric orogenic evolution in the Eastern
Cordillera of Colombia. Geol. Soc. Am. Bull. 120, 930–949.

Mora, A., Gaona, T., Kley, J., Montoya, D., Parra, M., Quiroz, L.I., Reyes, G., Strecker, M.,
2009. The role of inherited extensional fault segmentation and linkage in contrac-
tional orogenesis: a reconstruction of Lower Cretaceous inverted rift basin in the
Eastern Cordillera of Colombia. Basin Res. 21, 111–137.

Mora, A., Baby, P., Roddaz, M., Parra, M., Brusset, S., Hermoza, W., Espurt, N., 2010a.
Tectonic history of the Andes and sub-Andean zones: implications for the develop-
ment of the Amazon drainage basin. In: Hoorn, C., Wesselingh, F.P. (Eds.), Amazonia:
Landscape and Species Evolution: A Look into the Past. Wiley-Blackwell, Chichester,
UK, pp. 38–60. http://dx.doi.org/10.1002/9781444306408.ch4.

Mora, A., Horton, B.K., Mesa, A., Rubiano, J., Ketcham, R.A., Parra, M., Blanco, V.,
Garcia, D., Stockli, D.F., 2010b. Migration of Cenozoic deformation in the Eastern
Cordillera of Colombia interpreted from fission track results and structural re-
lationships: implications for petroleum systems. Am. Assoc. Pet. Geol. Bull. 94,
1543–1580.

Mora, A., Reyes-Harker, A., Rodriguez, G., Tesón, E., Ramirez-Arias, J.C., Parra, M.,
Caballero, V., Mora, J.P., Quintero, I., Valencia, V., Ibañez, M., Horton, B.K., Stockli,
D.F., 2013. Inversion tectonics under increasing rates of shortening and sedimenta-
tion: Cenozoic example from the Eastern Cordillera of Colombia. In: Nemčok, M.,
Mora, A., Cosgrove, J.W. (Eds.), Thick-Skin–Dominated Orogens: From Initial
Inversion to Full Accretion: Geological Society of London Special Publication. 377.
pp. 411–442. http://dx.doi.org/10.1144/SP377.6.

Morales, L., 1958. General geology and oil occurrences of Middle Magdalena Valley,
Colombia. In: Weeks, L.G. (Ed.), Habitat of Oil Symposium. American Association of
Petroleum Geologists Special Publication, pp. 641–695.

Moreno, C.J., Horton, B.K., Caballero, V., Mora, A., Parra, M., Sierra, J., 2011.
Depositional and provenance record of the Paleogene transition from foreland to
hinterland basin evolution during Andean orogenesis, northern Middle Magdalena

Valley Basin, Colombia. J. S. Am. Earth Sci. 32, 246–263.
Mosolf, J.G., Horton, B.K., Heizler, M.T., Matos, R., 2011. Unroofing the core of the

central Andean fold-thrust belt during focused late Miocene exhumation: evidence
from the Tipuani-Mapiri wedge-top basin, Bolivia. Basin Res. 23, 346–360.

Mpodozis, C., Cornejo, P., 2012. Cenozoic tectonics and porphyry copper systems of the
Chilean Andes. In: Society of Economic Geologists Special Publication. 16. pp.
329–360.

Mpodozis, C., Ramos, V.A., 1990. The Andes of Chile and Argentina. In: Ericksen, G.E.,
Cañas Pinochet, M.T., Reinemund, J.A. (Eds.), Geology of the Andes and Its Relation
to Hydrocarbon and Mineral Resources: Circum-Pacific Council for Energy and
Mineral Resources. Earth Science Series, vol. 11. pp. 59–90.

Mpodozis, C., Ramos, V.A., 2008. Tectónica jurásica en Argentina y Chile: Extensión,
subducción oblicua, rifting, deriva y colisiones? Rev. Asoc. Geol. Argent. 63,
481–497.

Mpodozis, C., Arriagada, C., Basso, M., Roperch, P., Cobbold, P., Reich, M., 2005. Late
Mesozoic to Paleogene stratigraphy of the Salar de Atacama Basin, Antofagasta,
northern Chile: Implications for the tectonic evolution of the central Andes.
Tectonophysics 399, 125–154.

Mulch, A., 2016. Stable isotope paleoaltimetry and the evolution of landscapes and life.
Earth Planet. Sci. Lett. 433, 180–191.

Mulch, A., Uba, C.E., Strecker, M.R., Schoenberg, R., Chamberlain, C.P., 2010. Late
Miocene climate variability and surface elevation in the central Andes. Earth Planet.
Sci. Lett. 290, 173–182.

Müller, R.D., Seton, M., Zahirovic, S., Williams, S.E., Matthews, K.J., Wright, N.M.,
Shephard, G.E., Maloney, K.T., Barnett-Moore, N., Hosseinpour, M., Bower, D.J.,
Cannon, J., 2016. Ocean basin evolution and global-scale plate reorganization events
since Pangea breakup. Annu. Rev. Earth Planet. Sci. 44, 107–138.

Muñoz, N., Charrier, R., 1996. Uplift of the western border of the Altiplano on a west-
vergent thrust system, northern Chile. J. S. Am. Earth Sci. 9, 171–181.

Murray, B.P., Horton, B.K., Matos, R., Heizler, M.T., 2010. Oligocene-Miocene basin
evolution in the northern Altiplano, Bolivia: implications for evolution of the central
Andean backthrust belt and high plateau. Geol. Soc. Am. Bull. 122, 1443–1462.

Naipauer, M., Ramos, V.A., 2016. Changes in source areas at Neuquén Basin: Mesozoic
evolution and tectonic setting based on U–Pb ages on zircons. In: Folguera, A.,
Naipauer, M., Sagripanti, L., Ghiglione, M.C., Orts, D.L., Giambiagi, L. (Eds.), Growth
of the Southern Andes. Springer, Berlin, pp. 33–61.

Natland, M.L., Eduardo, G.P., Cañon, A., Ernst, M., 1974. A System of Stages for
Correlation of Magallanes Basin Sediments: Geological Society of America Memoir.
vol. 139 126 p. https://doi.org/10.1130/MEM139-p1.

Navarrete, C.R., Gianni, G.M., Folguera, A., 2015. Tectonic inversion events in the wes-
tern San Jorge Gulf Basin from seismic borehole and field data. J. South Am. Earth
Sci. 64, 486–497.

Navarro, L., Baby, P., Bolaños, R., 2005. Structural style and hydrocarbon potential of the
Santiago basin. In: V INGEPET 2005, EXPR-3-LN-09, Lima, Peru, 16 p.

Navarro, E.L., Astini, R.A., Belousova, E., Guler, M.V., Gehrels, G., 2015. Detrital zircon
geochronology and provenance of the Chubut Group in the northeast of Patagonia,
Argentina. J. S. Am. Earth Sci. 63, 149–161.

Nelson, E.P., Dalziel, I.W.D., Milnes, A.G., 1980. Structural geology of the Cordillera
Darwin; collisional-style orogenesis in the southernmost Chilean Andes. Eclogae
Geol. Helv. 73, 727–751.

Newell, N.D., 1949. Geology of the Lake Titicaca region, Peru and Bolivia. Geol. Soc. Am.
Mem. 36 111 p.

Nie, J., Horton, B.K., Mora, A., Saylor, J.E., Housh, T.B., Rubiano, J., Naranjo, J., 2010.
Tracking exhumation of Andean ranges bounding the Middle Magdalena Valley
Basin, Colombia. Geology 38, 451–454.

Nie, J., Horton, B.K., Saylor, J.E., Mora, A., Mange, M., Garzione, C.N., Basu, A., Moreno,
C.J., Caballero, V., Parra, M., 2012. Integrated provenance analysis of a convergent
retroarc foreland system: U-Pb ages, heavy minerals, Nd isotopes, and sandstone
compositions of the Middle Magdalena Valley basin, northern Andes, Colombia.
Earth Sci. Rev. 110, 111–126.

Nielsen, S.N., 2005. Cenozoic Strombidae, Aporrhaidae, and Struthiolariidae
(Gastropoda, Stromboidea) from Chile: their significance to biogeography of faunas
and climate of the south-east Pacific. J. Paleontol. 79, 1120–1130.

Nivière, B., Messager, G., Carretier, S., Lacan, P., 2013. Geomorphic expression of the
southern Central Andes forebulge (37°S, Argentina). Terra Nova 25, 361–367.

Noble, D.C., McKee, E.H., Mourier, T., Mégard, F., 1990. Cenozoic stratigraphy, magmatic
activity, compressive deformation, and uplift in northern Peru. Geol. Soc. Am. Bull.
102, 1105–1113.

Noblet, C., Lavenu, A., Schneider, F., 1988. Étude géodynamique d'un bassin in-
tramontagneux tertiaire sur décrochements dans les Andes du sud de l'Equateur:
l'example du bassin de Cuenca. Géodynamique 3, 117–138.

Noblet, C., Lavenu, A., Marocco, R., 1996. Concept of continuum as opposed to periodic
tectonism in the Andes. Tectonophysics 255, 65–78.

Nocquet, J.M., et al., 2014. Motion of continental slivers and creeping subduction in the
northern Andes. Nat. Geosci. 7, 287–291. http://dx.doi.org/10.1038/ngeo2099.

Norton, K., Schlunegger, F., 2011. Migrating deformation in the Central Andes from en-
hanced orographic rainfall. Nat. Commun. 2, 584. http://dx.doi.org/10.1038/
ncomms1590.

Noury, M., Bernet, M., Schildgen, T.F., Simon-Labric, T., Philippon, Sempere, T., 2016.
Crustal-scale block tilting during Andean trench-parallel extension: structural and
geo-thermochronological insights. Tectonics 35, 2052–2069.

Noury, M., Philippon, M., Bernet, M., Paquette, J.L., Sempere, T., 2017. Geological record
of flat slab–induced extension in the southern Peruvian forearc. Geology 45,
723–726.

Nur, A., Ben-Avraham, Z., 1977. Lost Pacifica continent. Nature 270, 41–43.
Nur, A., Ben-Avraham, Z., 1982. Oceanic plateaus, the fragmentation of continents and

mountain building. J. Geophys. Res. 87, 3644–3661.
O'Driscoll, L.J., Richards, M.A., Humphreys, E.D., 2012. Nazca–South America interac-

tions and the late Eocene–late Oligocene flat-slab episode in the central Andes.
Tectonics 31, TC2013. http://dx.doi.org/10.1029/2011TC003036.

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

306

http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1605
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1615
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1620
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1620
http://dx.doi.org/10.1029/2006TC002054
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1630
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1630
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1630
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1635
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1635
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1640
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1640
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1640
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1645
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1645
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1645
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1660
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1660
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1660
http://dx.doi.org/10.1126/science.1116412
http://dx.doi.org/10.1126/science.1116412
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1670
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1675
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1675
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1675
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1675
http://dx.doi.org/10.1029/2011JB008959
http://dx.doi.org/10.1029/2011JB008959
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1685
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1685
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1685
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1690
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1690
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1695
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1695
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1695
http://dx.doi.org/10.1029/2005TC001854
http://dx.doi.org/10.1029/2005TC001854
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1705
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1705
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1705
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1710
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1710
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1710
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1710
http://dx.doi.org/10.1002/9781444306408.ch4
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1720
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1720
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1720
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1720
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1720
http://dx.doi.org/10.1144/SP377.6
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1730
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1730
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1730
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1735
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1740
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1740
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1740
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1745
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1745
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1745
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1750
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1750
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1750
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1750
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1755
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1755
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1755
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1760
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1760
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1760
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1760
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1765
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1770
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1770
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1770
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1775
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1775
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1775
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1775
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1780
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1780
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1785
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1785
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1785
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1790
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1790
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1790
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1790
https://doi.org/10.1130/MEM139-p1
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf7895
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf7895
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf7895
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1800
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1805
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1805
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1805
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1810
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1810
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1810
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1815
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1815
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1820
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9535
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1825
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1825
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1830
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1830
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1830
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1835
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1835
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1835
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1840
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1840
http://dx.doi.org/10.1038/ngeo2099
http://dx.doi.org/10.1038/ncomms1590
http://dx.doi.org/10.1038/ncomms1590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1855
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1855
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1855
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1860
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1860
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1860
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1865
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1870
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1870
http://dx.doi.org/10.1029/2011TC003036


Oncken, O., Hindle, D., Kley, J., Elger, K., Victor, P., Schemmann, K., 2006. Deformation
of the central Andean upper plate system — facts, fiction, and constraints for plateau
models. In: Oncken, O., Chong, G., Franz, G., Giese, P., Gotze, H.J., Ramos, V.A.,
Strecker, M.R., Wigger, P. (Eds.), The Andes: Active Subduction Orogeny. Springer-
Verlag, Berlin, pp. 3–27. http://dx.doi.org/10.1007/978-3-540-48684-8_1.

Oncken, O., Boutelier, D., Dresen, G., Schemmann, K., 2013. Strain accumulation controls
failure of a plate boundary zone: Linking deformation of the Central Andes and li-
thosphere mechanics. Geochem. Geophys. Geosyst. 13, Q12007. http://dx.doi.org/
10.1029/2012GC004280.

Orme, A.R., 2007. The tectonic framework of South America. In: Veblen, T.T., Young,
K.R., Orme, A.R. (Eds.), The Physical Geography of South America. Oxford University
Press, New York, pp. 3–22.

Orts, D., Folguera, A., Encinas, A., Ramos, M., Tobal, J., Ramos, V.A., 2012. Tectonic
development of the North Patagonian Andes and their related Miocene foreland basin
(41°30′–43°S). Tectonics 31, TC3012. http://dx.doi.org/10.1029/2011TC003084.

Orts, D., Folguera, A., Gimenez, M., Ruiz, F., Rojas Vera, E., Lince Klinger, F., 2015.
Cenozoic building and deformational processes in the North Patagonian Andes. J.
Geodyn. 86, 26–41.

Pankhurst, R.J., Riley, T.R., Fanning, C.M., Kelley, S.P., 2000. Episodic silicic volcanism
in Patagonia and the Antarctic Peninsula: chronology of magmatism associated with
the break-up of Gondwana. J. Petrol. 41, 605–625.

Pankhurst, R.J., Rapela, C., Fanning, C., Márquez, M., 2006. Gondwanide continental
collision and the origin of Patagonia. Earth Sci. Rev. 76, 235–257.

del Papa, C., Kirschbaum, A., Powell, J., Brod, A., Hongn, F., Pimentel, M., 2010.
Sedimentological geochemical and paleontological insights applied to continental
omission surfaces: a new approach for reconstructing an Eocene foreland basin in NW
Argentina. J. S. Am. Earth Sci. 29, 327–345.

Pardo-Casas, F., Molnar, P., 1987. Relative motion of the Nazca (Farallon) and South
American plates since late Cretaceous time. Tectonics 6, 233–248.

Parra, M., Mora, A., Jaramillo, C., Strecker, M.R., Sobel, E.R., Quiroz, L.I., Rueda, M.,
Torres, V., 2009a. Orogenic wedge advance in the northern Andes: Evidence from the
Oligocene-Miocene sedimentary record of the Medina Basin, Eastern Cordillera,
Colombia. Geol. Soc. Am. Bull. 121, 780–800.

Parra, M., Mora, A., Sobel, E.R., Strecker, M.R., González, R., 2009b. Episodic orogenic
front migration in the northern Andes: Constraints from low-temperature thermo-
chronology in the Eastern Cordillera, Colombia. Tectonics 28, TC4004. http://dx.doi.
org/10.1029/2008TC002423.

Parra, M., Mora, A., Jaramillo, C., Torres, V., Zeilinger, G., Strecker, M.R., 2010. Tectonic
controls on Cenozoic foreland basin development in the north-eastern Andes,
Colombia. Basin Res. 22, 874–903.

Parra, M., Mora, A., Lopez, C., Rojas, L.E., Horton, B.K., 2012. Detecting earliest short-
ening and deformation advance in thrust belt hinterlands: example from the
Colombian Andes. Geology 40, 175–178.

Parras, A., Dix, G.R., Griffin, M., 2012. Sr-isotope chronostratigraphy of Paleogene-
Neogene marine deposits: Austral Basin, southern Patagonia (Argentina). J. S. Am.
Earth Sci. 37, 122–135.

Pelletier, J.E., DeCelles, P.G., Zandt, G., 2010. Relationships among climate, erosion,
topography, and delamination in the Andes: a numerical modeling investigation.
Geology 38, 259–262.

Pepper, M., Gehrels, G., Pullen, A., Ibanez-Mejia, M., Ward, K.M., Kapp, P., 2016.
Magmatic history and crustal genesis of western South America: constraints from U-
Pb ages and Hf isotopes of detrital zircons in modern rivers. Geosphere 12,
1532–1555.

Perez, N.D., Horton, B.K., 2014. Oligocene-Miocene deformational and depositional his-
tory of the Andean hinterland basin in the northern Altiplano plateau, southern Peru.
Tectonics 33, 1819–1847.

Perez, N.D., Horton, B.K., Carlotto, V., 2016a. Structural inheritance and selective re-
activation in the central Andes: Cenozoic deformation guided by pre-Andean struc-
tures in southern Peru. Tectonophysics 671, 264–280.

Perez, N.D., Horton, B.K., McQuarrie, N., Stübner, K., Ehlers, T.A., 2016b. Andean
shortening, inversion, and exhumation associated with thin- and thick-skinned de-
formation in southern Peru. Geol. Mag. 153, 1013–1041. http://dx.doi.org/10.1017/
S0016756816000121.

Pilger Jr., R.H., 1984. Cenozoic plate kinematics, subduction and magmatism: South
American Andes. J. Geol. Soc. Lond. 141, 793–802.

Pindell, J., Kennan, L., Maresch, W., Stanek, K., Draper, G., Higgs, R., 2005. Plate kine-
matics and crustal dynamics of circum-Caribbean arc-continent interactions: tectonic
controls on basin development in proto-Caribbean margins. In: Avé-Lallemant, H.G.,
Sisson, V.B. (Eds.), Caribbean-South American Plate Interactions, Venezuela:
Geological Society of America Special Paper. vol. 394. pp. 7–52.

Poblete, F., Roperch, P., Hervé, F., Diraison, M., Espinoza, M., Arriagada, C., 2014. The
curved Magallanes fold and thrust belt: tectonic insights from a paleomagnetic and
anisotropy of magnetic susceptibility study. Tectonics 33, 2526–2551.

Pope, D.C., Willett, S.D., 1998. Thermal-mechanical model for crustal thickening in the
central Andes driven by ablative subduction. Geology 26, 511–514.

Potter, P.E., 1997. The Mesozoic and Cenozoic paleodrainage of South America: a natural
history. J. S. Am. Earth Sci. 10, 331–344.

Poulsen, C.J., Ehlers, T.A., Insel, N., 2010. Onset of convective rainfall during gradual
Late Miocene rise of the Central Andes. Science 328 (5977), 490–493. http://dx.doi.
org/10.1126/science.1185078.

Quade, J., Dettinger, M.P., Carrapa, B., DeCelles, P., Murray, K.E., Huntington, K.A.,
Cartwright, A., Canavan, R.R., Gehrels, G., Clementz, M., 2015. The growth of the
central Andes, 22°S–26°S. In: DeCelles, P.G., Ducea, M.N., Carrapa, B., Kapp, P.A.
(Eds.), Geodynamics of a Cordilleran Orogenic System: The Central Andes of
Argentina and Northern Chile: Geological Society of America Memoir. vol. 212. pp.
277–308 doi:10.1130/2015.1212(15).

Ramírez de Arellano, C., Putlitz, B., Müntener, O., Ovtcharova, M., 2012. High precision
U/Pb zircon dating of the Chaltén Plutonic Complex (Cerro Fitz Roy, Patagonia) and
its relationship to arc migration in the southernmost Andes. Tectonics 31, TC4009.
http://dx.doi.org/10.1029/2011TC003048.

Ramirez-Arias, J.C., Mora, A., Rubiano, J., Duddy, I., Parra, M., Moreno, N., Stockli, D.,
Casallas, W., 2012. The asymmetric evolution of the Colombian Eastern Cordillera.
Tectonic inheritance or climatic forcing? New evidence from thermochronology and
sedimentology. J. S. Am. Earth Sci. 39, 112–137.

Ramos, V.A., 1999. Plate tectonic setting of the Andean Cordillera. Episodes 22, 183–190.
Ramos, V.A., 2009. Anatomy and global context of the Andes: main geologic features and

the Andean orogenic cycle. In: Kay, S.M., Ramos, V.A., Dickinson, W.R. (Eds.),
Backbone of the Americas: Shallow Subduction, Plateau Uplift, and Ridge and
Terrane Collision: Geological Society of America Memoir. vol. 204. pp. 31–65.

Ramos, V.A., 2010. The tectonic regime along the Andes: present-day and Mesozoic re-
gimes. Geol. J. 45, 2–25.

Ramos, V.A., Aleman, A., 2000. Tectonic evolution of the Andes. In: Cordani, U.G.,
Milani, E.J., Thomaz Filho, A., Campos Neto, M.C. (Eds.), Tectonic Evolution of South
America: 31st International Geological Congress. Institut de Recherche pour le
Développement, Rio de Janeiro, Brazil, pp. 635–685.

Ramos, V.A., Folguera, A., 2005. Tectonic evolution of the Andes of Neuquén: Constraints
derived from the magmatic arc and foreland deformation. In: Spalletti, L., Veiga, G.,
Schwarz, E., Howell, J. (Eds.), The Neuquén Basin: A Case Study in Sequence
Stratigraphy and Basin Dynamics. Geological Society of London Special Publication,
vol. 252. pp. 15–35.

Ramos, V.A., Folguera, A., 2009. Andean flat-slab subduction through time. In: Murphy,
J.B., Keppie, J.D., Hynes, A.J. (Eds.), Ancient Orogens and Modern Analogues:
Geological Society of London Special Publication. vol. 327. pp. 31–54.

Ramos, V.A., Folguera, A., 2011. Payenia volcanic province in the Southern Andes: an
appraisal of an exceptional Quaternary tectonic setting. J. Volcanol. Geotherm. Res.
201, 53–64.

Ramos, V.A., Cegarra, M., Cristallini, E., 1996. Cenozoic tectonics of the High Andes of
west-central Argentina (30–36°S latitude). Tectonophysics 259, 185–200.

Ramos, V.A., Cristallini, E.O., Perez, D.J., 2002. The Pampean flat-slab of the Central
Andes. J. S. Am. Earth Sci. 15, 59–78.

Ramos, V.A., Zapata, T., Cristallini, E., Introcaso, A., 2004. The Andean thrust sys-
tem—latitudinal variations in structural styles and orogenic shortening. In: McClay,
K.R. (Ed.), Thrust Tectonics and Hydrocarbon Systems: American Association of
Petroleum Geologists Memoir. vol. 82. pp. 30–50.

Ramos, V.A., Litvak, V.D., Folguera, A., Spagnuolo, M., 2014. An Andean tectonic cycle:
From crustal thickening to extension in a thin crust (34°–37°SL). Geosci. Front. 5,
351–367.

Ramos, M.E., Tobal, J.E., Sagripanti, L., Folguera, A., Orts, D.L., Giménez, M., Ramos,
V.A., 2015. The North Patagonian orogenic front and related foreland evolution
during the Miocene, analyzed from synorogenic sedimentation and U/Pb dating
(~42°S). J. S. Am. Earth Sci. 64, 467–485.

Räsänen, M.E., Linna, A.M., Santos, J.C.R., Negri, F.R., 1995. Late Miocene tidal deposits
in the Amazonian foreland basin. Science 269, 386–390. http://dx.doi.org/10.1126/
science.269.5222.386.

Reyes-Harker, A., Ruiz-Valdivieso, C.F., Mora, A., Ramírez-Arias, J.C., Rodriguez, G., de
la Parra, F., Caballero, V., Parra, M., Moreno, N., Horton, B.K., Saylor, J.E., Silva, A.,
Valencia, V., Stockli, D., Blanco, V., 2015. Cenozoic paleogeography of the Andean
foreland and retroarc hinterland of Colombia. Am. Assoc. Pet. Geol. Bull. 99,
1407–1453.

Reynolds, J.H., Jordan, T.E., Johnson, N.M., Damanti, J.F., Tabbutt, K.D., 1990. Neogene
deformation of the flat-subduction segment of the Argentine-Chilean Andes: mag-
netostratigraphic constraints from Las Juntas, La Rioja province, Argentina. Geol.
Soc. Am. Bull. 102, 1607–1622.

Reynolds, J.H., Hernández, R.M., Galli, C.I., Idleman, B.D., 2001. Magnetostratigraphy of
the Quebrada La Porcelana section, Sierra de Ramos, Salta Province, Argentina: age
limits for the Neogene Orán Group and uplift of the southern Sierras Subandinas. J. S.
Am. Earth Sci. 14, 681–692.

Riba, O., 1976. Syntectonic unconformities of the Alto Cardener, Spanish Pyrenees: a
genetic interpretation. Sediment. Geol. 15, 213–233.

Riccardi, A.C., 1988. The Cretaceous system of southern South America. Geol. Soc. Am.
Mem. 168.

Roddaz, M., Viers, J., Brusset, S., Baby, P., Herail, G., 2005a. Sediment provenances and
drainage evolution of the Neogene Amazonian foreland basin. Earth Planet. Sci. Lett.
239, 57–78.

Roddaz, M., Baby, P., Brusset, S., Hermoza, W., Darrozes, J.M., 2005b. Forebulge dy-
namics and environmental control in Western Amazonia: the case study of the Arch of
Iquitos (Peru). Tectonophysics 399, 87–108.

Roddaz, M., Hermoza, W., Mora, A., Baby, P., Parra, M., Christophoul, F., Brusset, S.,
Espurt, N., 2010. Cenozoic sedimentary evolution of the Amazonian foreland basin
system. In: Hoorn, C., Wesselingh, F.P. (Eds.), Amazonia, Landscape and Species
Evolution: A Look Into the Past. Wiley-Blackwell, Chichester, UK, pp. 61–88. http://
dx.doi.org/10.1002/9781444306408.ch5.

Rodríguez Tribaldos, V., White, N.J., Roberts, G.G., Hoggard, M.J., 2017. Spatial and
temporal uplift history of South America from calibrated drainage analysis. Geochem.
Geophys. Geosyst. 18, 2321–2353.

Rohrmann, A., Sachse, D., Mulch, A., Pingel, H., Tofelde, S., Alonso, R.N., Strecker, M.R.,
2016. Miocene orographic uplift forces rapid hydrological change in the southern
central Andes. Scientific Reports 6 (35678). http://dx.doi.org/10.1038/srep35678.

Rojas Vera, E.A., Folguera, A., Zamora Valcarce, G., Gímenez, M., Ruiz, F., Martínez, P.,
Bottesi, G., Ramos, V.A., 2010. Neogene to Quaternary extensional reactivation of a
fold and thrust belt: the Agrio belt in the Southern Central Andes and its relation to
the Loncopúe trough (38°–39°S). Tectonophysics 492, 279–294.

Rojas Vera, E.A., Sellés, D., Folguera, A., Gímenez, M., Ruíz, F., Orts, D., Zamora Valcarce,
G., Martínez, P., Bechis, F., Ramos, V.A., 2014. The origin of the Loncopué Trough in
the retroarc of the Southern Central Andes from field, geophysical and geochemical
data. Tectonophysics 637, 1–19.

Romans, B.W., Fildani, A., Graham, S.A., Hubbard, S.M., Covault, J.A., 2010. Importance
of predecessor basin history on sedimentary fill of a retroarc foreland basin: prove-
nance analysis of the Cretaceous Magallanes basin, Chile (50–52°S). Basin Res. 22,
640–658.

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

307

http://dx.doi.org/10.1007/978-3-540-48684-8_1
http://dx.doi.org/10.1029/2012GC004280
http://dx.doi.org/10.1029/2012GC004280
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1890
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1890
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1890
http://dx.doi.org/10.1029/2011TC003084
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1900
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1900
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1900
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1905
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1905
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1905
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1910
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1915
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1915
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1920
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1920
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1920
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1920
http://dx.doi.org/10.1029/2008TC002423
http://dx.doi.org/10.1029/2008TC002423
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1930
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1935
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1935
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1935
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1940
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1940
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1940
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1945
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1945
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1945
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1950
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1950
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1950
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1950
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1955
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1960
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1960
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1960
http://dx.doi.org/10.1017/S0016756816000121
http://dx.doi.org/10.1017/S0016756816000121
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1970
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1970
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1975
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1985
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1990
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1990
http://dx.doi.org/10.1126/science.1185078
http://dx.doi.org/10.1126/science.1185078
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2000
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2000
http://dx.doi.org/10.1029/2011TC003048
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2010
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2015
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2020
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2025
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2025
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2030
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2035
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf8840
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf8840
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf8840
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf5980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf5980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf5980
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2045
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2045
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2050
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2050
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf8655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf8655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf8655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf8655
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6290
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6290
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6290
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2065
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2065
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2065
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2065
http://dx.doi.org/10.1126/science.269.5222.386
http://dx.doi.org/10.1126/science.269.5222.386
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2075
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2075
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2075
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2075
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2075
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9680
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9680
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9680
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9680
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2090
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf201712270625214449
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf201712270625214449
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2095
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2095
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2095
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2100
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2100
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2100
http://dx.doi.org/10.1002/9781444306408.ch5
http://dx.doi.org/10.1002/9781444306408.ch5
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2110
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2110
http://dx.doi.org/10.1038/srep35678
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6520
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2125
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2125
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2125
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2125
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2130
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2130
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2130
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2130


Rosenau, M., Melnick, D., Echtler, H., 2006. Kinematic constraints on intra-arc shear and
strain partitioning in the southern Andes between 38° and 42°S latitude. Tectonics 25,
TC4013. doi.org/10.1029/2005TC001943.

Royden, L.H., 1993. Evolution of retreating subduction boundaries formed during con-
tinental collision. Tectonics 12, 629–638.

Ruiz, G.M.H., 2002. Exhumation of the Northern Sub-Andean Zone of Ecuador and Its
Source Region: A Combined Thermochronological and Heavy Mineral Approach.
[Ph.D. thesis]. Institute of Geology, ETH Zürich, Switzerland 132 p. https://www.
research-collection.ethz.ch/handle/20.500.11850/147228.

Russo, R.M., Silver, P.G., 1996. Cordillera formation, mantle dynamics, and the Wilson
cycle. Geology 24, 511–514.

Rutland, R.W.R., 1971. Andean orogeny and ocean floor spreading. Nature 233, 252–255.
Sacek, V., 2014. Drainage reversal of the Amazon River due to the coupling of surface and

lithospheric processes. Earth Planet. Sci. Lett. 401, 301–312.
Sachse, V.F., Anka, Z., Littke, R., Rodriguez, J.F., Horsfield, B., di Primio, R., 2016a.

Burial, temperature and maturation history of the Austral and western Malvinas
basins, southern Argentina, based on 3D basin modelling. J. Pet. Geol. 39, 169–191.

Sachse, V.F., Strozyk, F., Anka, Z., Rodriguez, J.F., di Primio, R., 2016b. The tectono-
stratigraphic evolution of the Austral basin and adjacent areas against the back-
ground of Andean tectonics, southern Argentina, South America. Basin Res. 28,
462–482.

Saeid, E., Bakioglu, K.B., Kellogg, J., Leier, A., Martinez, J.A., Guerrero, E., 2017. Garzón
Massif basement tectonics: structural control on evolution of petroleum systems in
Upper Magdalena and Putumayo basins, Colombia. Mar. Pet. Geol. 88, 381–401.

Sagripanti, L., Bottesi, G., Naipauer, M., Folguera, A., Ramos, V.A., 2011. U/Pb ages on
detrital zircons in the southern central Andes Neogene foreland (36°–37°S): con-
straints on Andean exhumation. J. S. Am. Earth Sci. 32, 555–566.

Salfity, J.A., Marquillas, R.A., 1994. Tectonic and sedimentary evolution of the
Cretaceous–Eocene Salta Group basin, Argentina. In: Salfity, J.A. (Ed.), Cretaceous
Tectonics of the Andes: Wiesbaden. Vieweg Publishing, Germany, pp. 266–315.

Sánchez, J., Horton, B.K., Tesón, E., Mora, A., Ketcham, R.A., Stockli, D.F., 2012.
Kinematic evolution of Andean fold-thrust structures along the boundary between the
Eastern Cordillera and Middle Magdalena Valley basin, Colombia. Tectonics 31,
TC3008. http://dx.doi.org/10.1029/2011TC003089.

Sánchez, N., Turienzo, M., Lebinson, F., Araujo, V., Coutand, I., Dimieri, L., 2015.
Structural style of the Chos Malal fold and thrust belt, Neuquén basin, Argentina:
relationship between thick- and thin-skinned tectonics. J. S. Am. Earth Sci. 64,
399–417.

Santos, C., Jaramillo, C., Bayona, G., Rueda, M., Torres, V., 2008. Late Eocene marine
incursion in north-western South America. Palaeogeogr. Palaeoclimatol. Palaeoecol.
264, 140–146.

Sarmiento-Rojas, L.F., Van Wess, J.D., Cloetingh, S., 2006. Mesozoic transtensional basin
history of the Eastern Cordillera, Colombian Andes: inferences from tectonic models.
J. S. Am. Earth Sci. 21, 383–411.

Savignano, E., Mazzoli, S., Arce, M., Franchini, M., Gautheron, C., Paolini, M., Zattin, M.,
2016. (Un)Coupled thrust belt-foreland deformation in the northern Patagonian
Andes: new insights from the Esquel-Gastre sector (41°30′–43°S). Tectonics 35,
2636–2656.

Saylor, J.E., Horton, B.K., 2014. Nonuniform surface uplift of the Andean plateau re-
vealed by deuterium isotopes in Miocene volcanic glass from southern Peru. Earth
Planet. Sci. Lett. 387, 120–131.

Saylor, J.E., Horton, B.K., Nie, J., Corredor, J., Mora, A., 2011. Evaluating foreland basin
partitioning in the northern Andes using Cenozoic fill of the Floresta basin, Eastern
Cordillera, Colombia. Basin Res. 23, 377–402.

Schellart, W.P., 2008. Overriding plate shortening and extension above subduction zones:
A parametric study to explain formation of the Andes Mountains. Geol. Soc. Am. Bull.
120, 1441–1454.

Scherrenberg, A.F., Jacay, J., Holcombe, R.J., Rosenbaum, G., 2012. Stratigraphic var-
iations across the Marañón fold-thrust belt, Peru: implications for the basin archi-
tecture of the West Peruvian Trough. J. S. Am. Earth Sci. 38, 147–158.

Schildgen, T.F., Hodges, K.V., Whipple, K.X., Pringle, M.S., van Soest, M., Cornell, K.,
2009. Late Cenozoic structural and tectonic development of the western margin of
the central Andean Plateau in southwest Peru. Tectonics 28, TC4007. http://dx.doi.
org/10.1029/2008TC002403.

Schoenbohm, L.M., Carrapa, B., 2015. Miocene–Pliocene shortening, extension, and mafi
c magmatism support small-scale lithospheric foundering in the central Andes, NW
Argentina. In: DeCelles, P.G., Ducea, M.N., Carrapa, B., Kapp, P.A. (Eds.),
Geodynamics of a Cordilleran Orogenic System: The Central Andes of Argentina and
Northern Chile: Geological Society of America Memoir. vol. 212. pp. 167–180
doi:10.1130/2015.1212(09).

Schoenbohm, L.M., Strecker, M.R., 2009. Normal faulting along the southern margin of
the Puna Plateau, northwest Argentina. Tectonics 28, TC5008. http://dx.doi.org/10.
1029/2008TC002341.

Schwab, K., 1985. Basin formation in a thickening crust—the intermontane basins in the
Puna and the Eastern Cordillera of NW Argentina (central Andes). In: IV Congreso
Geologico Chileno, Actas. vol. 2. pp. 138–158.

Sébrier, M., Mercier, J.L., Mégard, F., Laubacher, G., Carey-Gailhardis, E., 1985.
Quaternary normal and reverse faulting and the state of stress in the central Andes of
south Peru. Tectonics 4, 739–780. http://dx.doi.org/10.1029/TC004i007p00739.

Sebrier, M., Mercier, J.L., Machare, J., Bonnot, D., Cabrera, J., Blanc, J.L., 1988. The state
of stress in an overriding plate situated above a flat slab: the Andes of central Peru.
Tectonics 7, 895–928.

Sempere, T., Hérail, G., Oller, J., Bonhomme, M.G., 1990. Late Oligocene-early Miocene
major tectonic crisis and related basins in Bolivia. Geology 18, 946–949.

Sempere, T., Butler, R.F., Richards, D.R., Marshall, L.G., Sharp, W., Swisher, C.C., 1997.
Stratigraphy and chronology of Late Cretaceous-early Paleogene strata in Bolivia and
northwest Argentina. Geol. Soc. Am. Bull. 109, 709–727.

Sempere, T., Carlier, G., Soler, P., Fornari, M., Carlotto, V., Jacay, J., Arispe, O.,
Néraudeau, D., Cárdenas, J., Rosas, S., Jiménez, N., 2002. Late Permian–Middle
Jurassic lithospheric thinning in Peru and Bolivia, and its bearing on Andean-age

tectonics. Tectonophysics 345, 153–181.
Seton, M., Müller, R.D., Zahirovic, S., Gaina, C., Torsvik, T., Shephard, G., Talsma, A.,

Gurnis, M., Turner, M., Maus, S., Chandler, M., 2012. Global continental and ocean
basin reconstructions since 200 Ma. Earth Sci. Rev. 113, 212–270.

Shephard, G.E., Müller, R.D., Liu, L., Gurnis, M., 2010. Miocene drainage reversal of the
Amazon River driven by plate-mantle interaction. Nat. Geosci. 3, 870–875. http://dx.
doi.org/10.1038/ngeo1017.

Siks, B.C., Horton, B.K., 2011. Growth and fragmentation of the Andean foreland basin
during eastward advance of fold-thrust deformation, Puna plateau and Eastern
Cordillera, northern Argentina. Tectonics 30, TC6017. http://dx.doi.org/10.1029/
2011TC002944.

Silva, A., Mora, A., Caballero, V., Rodríguez, G., Ruiz, C.A., Moreno, N.R., Parra, M.,
Ramírez-Arias, J.C., Ibañez, M., Quintero, I., 2013. Basin compartmentalization and
drainage evolution during rift inversion: Evidence from multiple techniques in the
Eastern Cordillera of Colombia. In: Nemčok, M., Mora, A., Cosgrove, J.W. (Eds.),
Thick-Skin-Dominated Orogens: From Initial Inversion to Full Accretion, Geological
Society of London Special Publication. 377. pp. 369–409. http://dx.doi.org/10.
1144/SP377.15.

Silver, P.G., Russo, R.M., Lithgow-Bertelloni, C., 1998. Coupling of South America and
African plate motion and plate deformation. Science 279, 60–63. http://dx.doi.org/
10.1126/science.279.5347.60.

Sinclair, H., 2012. Thrust wedge/foreland basin systems. In: Busby, C.J., Azor, A. (Eds.),
Tectonics of Sedimentary Basins: Recent Advances (1st ed.). Blackwell Publishing
Ltd., Oxford, UK, pp. 522–537.

Sobel, E.R., Hilley, G.E., Strecker, M.R., 2003. Formation of internally drained contrac-
tional basins by aridity-limited bedrock incision. J. Geophys. Res. 108, 2344. http://
dx.doi.org/10.1029/2002JB001883.

Sobolev, S.V., Babeyko, A.Y., 2005. What drives orogeny in the Andes? Geology 33,
617–620.

Somoza, R., 1998. Updated Nazca (Farallon) - South America relative motions during the
last 40 My: implications for mountain building in the central Andean region. J. S. Am.
Earth Sci. 11, 211–215.

Somoza, R., Ghidella, M.E., 2012. Late Cretaceous to recent plate motions in western
South America revisited. Earth Planet. Sci. Lett. 331–332, 152–163.

Somoza, R., Zaffarana, C.B., 2008. Mid-Cretaceous polar standstill of South America,
motion of the Atlantic hotspots and the birth of the Andean cordillera. Earth Planet.
Sci. Lett. 271, 267–277.

Spikings, R.A., Seward, D., Winkler, W., Ruiz, G.M., 2000. Low temperature thermo-
chronology of the northern Cordillera Real, Ecuador: tectonic insights from zircon
and apatite fission-track analysis. Tectonics 19, 649–668.

Spikings, R., Cochrane, R., Villagómez, D., Van der Lelij, R., Vallejo, C., Winkler, W.,
Beate, B., 2015. The geological history of northwestern South America: from Pangaea
to the early collision of the Caribbean large Igneous Province (290–75 Ma).
Gondwana Res. 27, 95–139.

Starck, D., 2011. Cretaceous-Paleogene basin of northwest Argentina. In: VIII Congreso de
Exploración y Desarrollo de Hidrocarburos: Simposio Cuencas Argentinas. 8. pp.
407–453.

Steinmann, G., 1929. Geologie von Perú. C. Winter, Heidelberg 448 p.
Steinmann, M., 1997. The Cuenca Basin of Southern Ecuador: Tectono-sedimentary

History and the Tertiary Andean Evolution. [PhD Thesis]. Institute of Geology, ETH
Zürich, Switzerland 176 p. https://www.research-collection.ethz.ch/handle/20.500.
11850/143222.

Stern, C.R., 2004. Active Andean volcanism: its geologic and tectonic setting. In: Revista
Geológica de Chile. 31. pp. 161–206.

Stockmal, G.S., Beaumont, C., Nguyen, M., Lee, B., 2007. Mechanics of thin-skinned fold-
and-thrust belts: Insights from numerical models. In: Sears, J.W., Harms, T.A.,
Evenchick, C.A. (Eds.), Whence the Mountains? Inquiries Into the Evolution of
Orogenic Systems: A Volume in Honor of Raymond A. Price, Geological Society of
America Special Paper. vol. 433. pp. 63–98.

Strecker, M.R., Alonso, R.N., Bookhagen, B., Carrapa, B., Hilley, G.E., Sobel, E.R., Trauth,
M.H., 2007. Tectonics and climate of the southern central Andes. Annu. Rev. Earth
Planet. Sci. 35, 747–787.

Strecker, M.R., Alonso, R., Bookhagen, B., Carrapa, B., Coutand, I., Hain, M.P., Hilley,
G.E., Mortimer, E., Schoenboh, L., Sobel, E.R., 2009. Does the topographic distribu-
tion of the central Andean Puna Plateau result from climatic or geodynamic pro-
cesses? Geology 37, 643–646.

Streit, R.L., Burbank, D.W., Strecker, M.R., Alonso, R.N., Cottle, J.M., Kylander-Clark,
A.R.C., 2017. Controls on intermontane basin filling, isolation and incision on the
margin of the Puna Plateau, NW Argentina (~23°S). Basin Res. 29 (S1), 131–155.

Suárez, M., Emparan, C., 1995. The stratigraphy, geochronology and paleophysiography
of a Miocene fresh-water interarc basin, southern Chile. J. S. Am. Earth Sci. 8, 17–31.

Suárez, G., Molnar, P., Burchfiel, B.C., 1983. Seismicity, fault plane solutions, depth of
faulting, and active tectonics of the Andes of Peru, Ecuador, and southern Colombia.
J. Geophys. Res. 88, 403–428.

Suriano, J., Limarino, C.O., Tedesco, A.M., Alonso, M.S., 2015. Sedimentation model of
piggyback basins: Cenozoic examples of San Juan Precordillera, Argentina. In:
Sepúlveda, S.A., Giambiagi, L.B., Moreiras, S.M., Pinto, L., Tunik, M., Hoke, G.D.,
Farías, M. (Eds.), Geodynamic Processes in the Andes of Central Chile and Argentina:
Geological Society of London Special Publication. 399. pp. 221–244. http://dx.doi.
org/10.1144/SP399.17.

Teixeira, W., Tassinari, C.C.G., Cordani, U.G., Kawashita, K., 1989. A review of the
geochronology of the Amazonian Craton: tectonic implications. Precambrian Res. 42,
213–227.

Tesón, E., Mora, A., Silva, A., Namson, J., Teixell, A., Castellanos, J., Casallas, W.,
Julivert, M., Taylor, M., Ibañez-Mejia, M., Valencia, V., 2013. Interrelationships
among Mesozoic graben distribution, stress, amount of shortening and structural
style in the Eastern Cordillera of Colombia. In: Nemčok, M., Mora, A., Cosgrove, J.W.
(Eds.), Thick-Skin-Dominated Orogens: From Initial Inversion to Full Accretion,
Geological Society of London Special Publication. vol. 377. pp. 257–283. http://dx.
doi.org/10.1144/SP377.10.

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

308

http://doi.org/10.1029/2005TC001943
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2140
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2140
https://www.research-collection.ethz.ch/handle/20.500.11850/147228
https://www.research-collection.ethz.ch/handle/20.500.11850/147228
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2150
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2155
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2160
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2165
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2170
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2175
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2180
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2185
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2185
http://dx.doi.org/10.1029/2011TC003089
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2200
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2205
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2210
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2210
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2210
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2215
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2220
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2225
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2225
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2225
http://dx.doi.org/10.1029/2008TC002403
http://dx.doi.org/10.1029/2008TC002403
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2235
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2235
http://dx.doi.org/10.1029/2008TC002341
http://dx.doi.org/10.1029/2008TC002341
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2245
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2245
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2245
http://dx.doi.org/10.1029/TC004i007p00739
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2255
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2260
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2260
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2265
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2270
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2275
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2275
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2275
http://dx.doi.org/10.1038/ngeo1017
http://dx.doi.org/10.1038/ngeo1017
http://dx.doi.org/10.1029/2011TC002944
http://dx.doi.org/10.1029/2011TC002944
http://dx.doi.org/10.1144/SP377.15
http://dx.doi.org/10.1144/SP377.15
http://dx.doi.org/10.1126/science.279.5347.60
http://dx.doi.org/10.1126/science.279.5347.60
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2300
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2300
http://dx.doi.org/10.1029/2002JB001883
http://dx.doi.org/10.1029/2002JB001883
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2310
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2325
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2325
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2325
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2330
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2330
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2335
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2335
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2335
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2340
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2345
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2350
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2355
https://www.research-collection.ethz.ch/handle/20.500.11850/143222
https://www.research-collection.ethz.ch/handle/20.500.11850/143222
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2365
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2370
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2375
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2375
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2375
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2380
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2380
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2380
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2380
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2385
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2385
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2385
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2390
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2390
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2395
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2395
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2395
http://dx.doi.org/10.1144/SP399.17
http://dx.doi.org/10.1144/SP399.17
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2405
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2405
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2405
http://dx.doi.org/10.1144/SP377.10
http://dx.doi.org/10.1144/SP377.10


Thomas, G., Lavenu, A., Berrones, G., 1995. Subsidence evolution of the northern part of
the Ecuadorian Oriente basin (Upper Cretaceous to present). In: Comptes Rendus
Académie des Sciences, série II. 320. pp. 617–624.

Thomson, S.N., 2002. Late Cenozoic geomorphic and tectonic evolution of the Patagonian
Andes between latitudes 42°S and 46°S: an appraisal based on fission-track results
from the transpressional intra-arc Liquiñe-Ofqui fault zone. Geol. Soc. Am. Bull. 114,
1159–1173.

Thomson, S.N., Brandon, M.T., Tomkin, J.H., Reiners, P.W., Vasquez, C., Wilson, N.J.,
2010. Glaciation as a destructive and constructive control on mountain building.
Nature 467, 313–317.

Thornburg, T.M., Kulm, L.D., 1981. Sedimentary basins of the Peru continental margin:
structure, stratigraphy, and tectonics from 6°S to 16°S latitude. In: Kulm, L.D.,
Dymond, J., Dasch, E.J., Hussong, D.M., Roderick, R. (Eds.), Nazca Plate: Crustal
Formation and Andean Convergence. Geological Society of America Memoir, vol.
154. pp. 393–422 doi:10.1130/MEM154-p393.

Trenkamp, R., Kellogg, J.N., Freymueller, J.T., Mora, H.P., 2002. Wide plate margin
deformation, southern Central America and northwestern South America, CASA GPS
observations. J. S. Am. Earth Sci. 15, 157–171.

Trumbull, R.B., Riller, U., Oncken, O., Scheuber, E., Munier, K., Hongn, F., 2006. The
time-space distribution of Cenozoic volcanism in the south-central Andes: a new data
compilation and some tectonic implications. In: Oncken, O., Chong, G., Franz, G.,
Giese, P., Gotze, H.J., Ramos, V.A., Strecker, M.R., Wigger, P. (Eds.), The Andes:
Active Subduction Orogeny. Springer-Verlag, Berlin, pp. 29–43. http://dx.doi.org/
10.1007/978-3-540-48684-8_2.

Tschopp, H.J., 1953. Oil explorations in the Oriente of Ecuador. Am. Assoc. Pet. Geol.
Bull. 37, 2303–2347.

Tunik, M., Folguera, A., Naipauer, M., Pimentel, M., Ramos, V.A., 2010. Early uplift and
orogenic deformation in the Neuquén Basin: Constraints on the Andean uplift from
U–Pb and Hf isotopic data of detrital zircons. Tectonophysics 489, 258–273.

Turienzo, M.M., 2010. Structural style of the Malargüe fold-and-thrust belt at the
Diamante River area (34°30′–34°50′S) and its linkage with the Cordillera Frontal,
Andes of central Argentina. J. S. Am. Earth Sci. 29, 537–556.

Uba, C.E., Heubeck, C., Hulka, C., 2006. Evolution of the late Cenozoic Chaco foreland
basin, southern Bolivia. Basin Res. 18, 145–170.

Uba, C., Hasler, C.A., Buatois, L.A., Schmitt, A.K., Plessen, B., 2007. Isotopic, paleonto-
logic, and ichnologic evidence for late Miocene pulses of marine incursions in the
central Andes. Geology 37, 827–830.

Uba, C.E., Kley, J., Strecker, M.R., Schmitt, A.K., 2009. Unsteady evolution of the Bolivian
Subandean thrust belt: the role of enhanced erosion and clastic wedge progradation.
Earth Planet. Sci. Lett. 281, 134–146.

Uliana, M.A., Biddle, K.T., 1988. Mesozoic–Cenozoic paleogeographic and geodynamic
evolution of southern South America. Rev. Bras. Geosci. 18, 172–190.

Ussami, N., Shiraiwa, S., Dominguez, J.M.L., 1999. Basement reactivation in a sub-
Andean foreland flexural bulge: the Pantanal wetland, SW Brazil. Tectonics 18,
25–39.

Vallejo, C., 2007. Evolution of the Western Cordillera in the Andes of Ecuador (Late
Cretaceous–Paleogene). [Ph.D. thesis]. Institute of Geology, ETH Zürich,
Switzerland 208 p. https://www.research-collection.ethz.ch/handle/20.500.11850/
150007.

Vallejo, C., Soria, F., Tornos, F., Naranjo, G., Rosero, B., Salazar, F., Cochrane, R., 2016.
Geology of El Domo deposit in central Ecuador: a VMS formed on top of an accreted
margin. Mineral. Deposita 51, 389–409.

Vallejo, C., Tapia, D., Gaibor, J., Steel, R., Cardenas, M., Winkler, W., Valdez, A., Esteban,
J., Figuera, M., Leal, J., Cuenca, D., 2017. Geology of the Campanian M1 sandstone
oil reservoir of eastern Ecuador: a delta system sourced from the Amazon Craton.
Mar. Pet. Geol. 86, 1207–1223.

Vallejo, C., Winkler, W., Spikings, R.A., Luzieux, L., Heller, F., Bussy, F., 2009. Mode and
timing of terrane accretion in the forearc of the Andes in Ecuador. In: Kay, S.M.,
Ramos, V.A., Dickinson, W.R. (Eds.), Backbone of the Americas: shallow subduction,
plateau uplift, and ridge and terrane collision. 204. Geological Society of America
Memoir, pp. 197–216.

van Soelen, E.E., Kima, J.H., Santos, R.V., Dantas, E.L., de Almeida, F.V., Pires, J.P.,
Roddaz, M., Sinninghe Damsté, J.S., 2017. A 30 Ma history of the Amazon River
inferred from terrigenous sediments and organic matter on the Ceará Rise. Earth
Planet. Sci. Lett. 474, 40–48.

Varela, R., Basei, M.A.S., González, P.D., Sato, A.M., Naipauer, M., Campos Neto, M.C.,
Cingolani, C.A., Meira, V.T., 2011. Accretion of Grenvillian terranes to the west of the
Rio de la Plata craton, western Argentina. Int. J. Earth Sci. 100, 243–272.

Veloza, G., Styron, R., Taylor, M., Mora, A., 2012. Open-source archive of active faults for
northwest South America. GSA Today 22 (10). http://dx.doi.org/10.1130/GSAT-
G156A.1.

Vergani, G.D., Tankard, A.J., Belotti, H.J., Welsink, H.J., 1995. Tectonic evolution and
paleogeography of the Neuquén basin, Argentina. In: Tankard, A.J., Suárez, R.,
Welsink, H.J. (Eds.), Petroleum Basins of South America. American Association of
Petroleum Geologists Memoir, vol. 62. pp. 383–402.

Vergara, M., Levi, B., Nyström, J.O., Cancino, A., 1995. Jurassic and Early Cretaceous
island arc volcanism, extension, and subsidence in the Coast Range of central Chile.
Geol. Soc. Am. Bull. 107, 1427–1440.

Vergés, J., Ramos, E., Seward, D., Busquets, P., Colombo, F., 2001. Miocene sedimentary
and tectonic evolution of the Andean Precordillera at 31°S, Argentina. J. S. Am. Earth
Sci. 14, 735–750.

Vergés, J., Ramos, V., Meigs, A., Cristallini, E., Bettini, F., Cortes, J., 2007. Crustal
wedging triggering recent deformation in the Andean thrust front between 31°S and
33°S: Sierras Pampeanas-Precordillera interaction. J. Geophys. Res. 112 (B03S15).
http://dx.doi.org/10.1029/2006JB004287.

Vicente, J.C., 1990. Early Late Cretaceous overthrusting in the Western Cordillera of
southern Peru. In: Ericksen, G.E., Cañas Pinochet, M.T., Reinemund, J.A. (Eds.),
Geology of the Andes and Its Relations to Hydrocarbon and Mineral Resources:
Circum-Pacific Council for Energy and Mineral Resources. Earth Science Series, vol.
11. pp. 91–117.

Victor, P., Oncken, O., Glodny, J., 2004. Uplift of the western Altiplano plateau: Evidence
from the Precordillera between 20° and 21°S (northern Chile). Tectonics 23, TC4004.
http://dx.doi.org/10.1029/2003TC001519.

Vietor, T., Echtler, H., 2006. Episodic Neogene southward growth of the Andean sub-
duction orogen between 30°S and 40°S: Plate motions, mantle flow, climate, and
upper-plate structure. In: Oncken, O., Chong, G., Franz, G., Giese, P., Gotze, H.J.,
Ramos, V.A., Strecker, M.R., Wigger, P. (Eds.), The Andes: Active Subduction
Orogeny. Springer-Verlag, Berlin, pp. 375–400. http://dx.doi.org/10.1007/978-3-
540-48684-8_18.

Villagómez, D., Spikings, R., 2013. Thermochronology and tectonics of the Central and
Western Cordilleras of Colombia: Early Cretaceous–Tertiary evolution of the
Northern Andes. Lithos 160–161, 228–249.

Villagómez, D., Spikings, R., Magna, T., Kammer, A., Winkler, W., Beltrán, A., 2011.
Geochronology, geochemistry and tectonic evolution of the Western and Central
cordilleras of Colombia. Lithos 125, 875–896.

von Huene, R., Ranero, C.R., 2003. Subduction erosion and basal friction along the se-
diment starved convergent margin off Antofagasta, Chile. J. Geophys. Res. 108, 2079.
http://dx.doi.org/10.1029/2001JB001569.

von Huene, R., Scholl, D.W., 1991. Observations at convergent margins concerning se-
diment subduction, subduction erosion, and the growth of continental crust. Rev.
Geophys. 19, 279–316.

Watts, A.B., Lamb, S.H., Fairhead, J.D., Dewey, J.F., 1995. Lithospheric flexure and
bending of the Central Andes. Earth Planet. Sci. Lett. 134, 9–21.

Wdowinski, S., Bock, Y., 1994. The evolution of deformation and topography of high
elevated plateaus 2. Application to the central Andes. J. Geophys. Res. 99,
7121–7130.

Welsink, H.J., Martinez, E., Aranibar, O., Jarandilla, J., 1995. Structural inversion of a
Cretaceous rift basin, southern Altiplano, Bolivia. In: Tankard, A.J., Suárez, R.,
Welsink, H.J. (Eds.), Petroleum Basins of South America. American Association of
Petroleum Geologists Memoir, vol. 62. pp. 305–324.

Whipple, K.X., Gasparini, N.M., 2014. Tectonic control of topography, rainfall patterns,
and erosion during rapid post–12 Ma uplift of the Bolivian Andes. Lithosphere 6,
230–250.

Whitman, D., Isacks, B.L., Kay, S.M., 1996. Lithospheric structure and along-strike seg-
mentation of the Central Andean Plateau: seismic Q, magmatism, flexure, topography
and tectonics. Tectonophysics 259, 29–40.

Wilson, T.J., 1991. Transition from back-arc to foreland basin development in south-
ernmost Andes: stratigraphic record from the Ultima Esperanza District, Chile. Geol.
Soc. Am. Bull. 103, 98–111.

Winn, R.D., Dott Jr., R.H., 1979. Deep-water fan-channel conglomerates of Late
Cretaceous age, southern Chile. Sedimentology 26, 203–228.

Witt, C., Bourgois, J., Michaud, F., Ordoñez, M., Jiménez, N., Sosson, M., 2006.
Development of the Gulf of Guayaquil (Ecuador) during the Quaternary as an effect of
the North Andean block tectonic escape. Tectonics 25. http://dx.doi.org/10.1029/
2004TC001723.

Witt, C., Rivadeneira, M., Poujol, M., Barba, D., Beida, D., Beseme, G., Montenegro, G.,
2017. Tracking ancient magmatism and Cenozoic topographic growth within the
Northern Andes forearc: constraints from detrital U-Pb zircon ages. Geol. Soc. Am.
Bull. 129, 415–428.

Wolaver, B.D., Coogan, J.C., Horton, B.K., Suarez Bermudez, L., Sun, A.Y., Wawrzyniec,
T.F., Zhang, T., Shanahan, T.M., Dunlap, D.B., Costley, R.A., de la Rocha, L., 2015.
Structural and hydrogeologic evolution of the Putumayo Basin and adjacent fold-
thrust belt, Colombia. Am. Assoc. Pet. Geol. Bull. 99, 1893–1927.

Wörner, G., Uhlig, D., Kohler, I., Seyfried, H., 2002. Evolution of the West Andean
Escarpment at 18 degrees S (N. Chile) during the last 25 Ma: uplift, erosion and
collapse through time. Tectonophysics 345, 183–198.

Wright, N.M., Seton, M., Williams, S.E., Müller, R.D., 2016. The Late Cretaceous to recent
tectonic history of the Pacific Ocean basin. Earth Sci. Rev. 154, 138–173.

Xie, X., Heller, P.L., 2009. Plate tectonics and basin subsidence. Geol. Soc. Am. Bull. 121,
55–64.

Yrigoyen, M.R., 1991. Energy resources map of the Circum-Pacific region, southeast
quadrant. In: U.S. Geological Survey Circum-Pacific Map Series, Map CP-39,
1:10,000,000 Scale.

Zapata, T.R., Allmendinger, R.W., 1996. Growth stratal records of instantaneous and
progressive limb rotation in the Precordillera thrust belt and Bermejo basin,
Argentina. Tectonics 15, 1065–1083.

B.K. Horton Earth-Science Reviews 178 (2018) 279–309

309

View publication statsView publication stats

http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2415
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2415
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2415
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2420
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2425
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2425
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2425
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2430
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2430
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2430
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2430
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2430
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2435
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2435
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2435
http://dx.doi.org/10.1007/978-3-540-48684-8_2
http://dx.doi.org/10.1007/978-3-540-48684-8_2
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2445
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2445
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2450
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2455
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2465
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2470
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2475
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2480
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2480
https://www.research-collection.ethz.ch/handle/20.500.11850/150007
https://www.research-collection.ethz.ch/handle/20.500.11850/150007
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2490
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2495
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9460
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2320
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf9610
http://dx.doi.org/10.1130/GSAT-G156A.1
http://dx.doi.org/10.1130/GSAT-G156A.1
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf6505
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2510
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2510
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2510
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2515
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2515
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2515
http://dx.doi.org/10.1029/2006JB004287
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2525
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2525
http://dx.doi.org/10.1029/2003TC001519
http://dx.doi.org/10.1007/978-3-540-48684-8_18
http://dx.doi.org/10.1007/978-3-540-48684-8_18
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2540
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2540
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2540
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2545
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2545
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2545
http://dx.doi.org/10.1029/2001JB001569
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf1195
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2550
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2555
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2560
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2565
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2570
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2575
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2575
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2575
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2580
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2580
http://dx.doi.org/10.1029/2004TC001723
http://dx.doi.org/10.1029/2004TC001723
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2585
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2595
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2600
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2605
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2605
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf2610
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3590
http://refhub.elsevier.com/S0012-8252(17)30430-0/rf3590
https://www.researchgate.net/publication/321814349

	Sedimentary record of Andean mountain building
	Introduction
	Geologic framework
	Current setting
	Geologic history
	Sedimentary record

	Basin genesis during plate convergence
	Plate interface and forearc processes
	Retroarc processes

	Retroarc stratigraphic successions
	Representative basins
	Regional stratigraphic framework

	Foreland basin unconformities
	Retroarc sediment accumulation
	Sediment accumulation histories
	Mesozoic sedimentation
	Cenozoic sedimentation

	Detrital zircon provenance and the inception of Andean orogenesis
	Synthesis of U-Pb geochronological results
	Northern Andean provenance
	Central Andean provenance
	Southern Andean provenance

	Andean tectonics and basin evolution
	Pre-Andean extension and thermal subsidence
	Onset of Andean orogenesis and reversal in sedimentary polarity
	Early Andean growth of foreland basin
	Possible pause in Andean shortening with foreland abandonment
	Main phase of Andean shortening and basin subsidence

	Discussion and further research
	Evaluating paleodrainage and topographic divides
	Recognizing and interpreting stratigraphic hiatuses
	Identifying variations in deformation mode and magnitude
	Comparing retroarc and forearc basin records
	Assessing the ultimate drivers of contractional orogenesis

	Acknowledgments
	References




