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The forearc of south-central Chile (36°30’-42°S) is characterized by the presence of 

a Coastal Cordillera and a low lying area known as the Central Depression. The origin 

of these morphostructural units has been largely debated. They have been ascribed to 

different ages between the Cretaceous and the Pliocene, and tectonic causes that involve 

extensional or contractional deformation and have been related to Andean evolution or 

accretionary processes in the forearc. To investigate the geologic evolution of the 

Coastal Cordillera and Central Depression in the cited area, we based on stratigraphy, 

sedimentology, geochronology (U-Pb, LA-ICP-MS), structural geology, and 

geomorphology. Our studies, which are based on our own data and a thorough 

bibliographic review, indicate the following sequence of events in the tectono-

sedimentary evolution of the forearc of south-central Chile during the late Cenozoic. 

The area was subjected to extensional tectonics caused by slab rollback during the 

Oligocene-early Miocene, resulting in the genesis of a series of basins filled with 

volcanic, continental, and marine deposits that extended from the present Chilean coast 

to the retroac. The extensional basins were tectonically inverted during the late Early-

Late Miocene, and most of the forearc became a positive relief that was subjected to 

fluvial erosion. The West Andean Thrust, a major reverse west verging fault in the limit 

between the Central Depression and the Andean Cordillera, caused significant uplift of 

the western flank of the Andes. This triggered flexural subsidence and the accumulation 

of coarse-grained deposits in the forearc during the Pliocene-Pleistocene. The sudden 

increase of sediment flux to the trench during this period caused a change from non-

accretion or subduction erosion to accretion in the margin of south-central Chile. 

Progressive growth of the accretionary wedge gave birth to a forearc high, the Coastal 

Cordillera, which was uplifted in the last 2 Ma. Some forearc areas placed above 

subducted oceanic fracture zones did not experience uplift during this period due to the 
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significant transport of fluid that inhibited the deformation of the accretionary wedge. 

Our studies show that the late Cenozoic tectono-sedimentary evolution of the forearc in 

the study area is complex and involves different processes related to Andean evolution 

in the first stage and accretionary processes acting exclusively in the forearc in a second 

stage. The Coastal Cordillera and the Central Depression of south-central Chile were 

developed in the last 2 Ma and are much younger than classically considered. 

Keywords: Forearc, Coastal Cordillera, Central Depression, West Andean Thrust, 

South-central Chile 

1. Introduction 

Convergent margins are classified as erosive or accretionary depending on their 

material-transfer modes (e.g., von Huene and Scholl, 1991; Clift and Vannucchi, 2004; 

Kukowski and Oncken, 2006). Erosive margins form in areas where trench sediment 

thickness is less than 1 km and convergence rates exceed 6.0 cm/a. They are 

characterized by trench retreat and forearc subsidence triggered by subduction erosion 

(von Huene and Scholl, 1991; Clift and Vannucchi, 2004). Accretionary margins 

develop in regions where trench sediment thickness exceeds 1 km, and the rate of 

ortogonal convergence is <7.6 cm/a (Clift and Vannucchi, 2004). In accretionary 

margins, trench sediment is frontally obducted to the upper plate forming an 

accretionary prism, which can be described as a particular case of a submarine fold-and-

thrust-belt (Clift and Vannucchi, 2004; Maksymowicz, 2015). The accreted material 

tends to accumulate in front of and beneath the accretionary prism by frontal accretion 

and underplating, forming a wedge-shaped body that grows with time (Cloos and 

Shreve, 1988; Von Huene and School, 1991; Brandon et al., 1998; Clift and Vannucchi, 

2004). Forearc basins typically form between the accretionary wedge (also known as 

subduction complex), which acts as a dam to pond sediment, and the arc (Dickinson and 
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Selly, 1979; Dickinson, 1995). Forearc basins are subjected to little contractional 

deformation since this is mostly concentrated in the accretionary wedge (Dickison, 

1995). Sediment in these basins is typically derived from the arc area, reaches 

thicknesses between 1000 to >10.000 m, and accumulate at rates that range from 25 

m/my to more than 250 m/my. Subsidence in forearc basins is thought to be caused 

principally by the growing tectonic load of the accretionary wedge (Dickinson, 1995). 

As the subduction complex grows, forearc basins typically shoal with time, evolving 

from turbiditic to shallow marine and even continental deposition (Dickinson and Selly, 

1979; Dickinson, 1995). The morphology of accretionary wedges and forearc basins can 

adopt different configurations determined by the elevation of the trench-slope break and 

the sedimentation rate. This configuration typically varies with time (see fig. 6 in 

Dickinson, 1979).  

Coastal Cordilleras or Coast Ranges are typically considered as uplifted, subaerially 

exposed, forearc highs (e.g., Brandon et al., 1998). They are characteristic of mature 

continental convergent margins classified by Dickinson and Seely (1979) as ridged 

forearcs. The best-studied Coastal Cordilleras occur along the Cascadia margin 

(Brandon et al., 1998, and references therein). Other well-known examples are Kodiak 

Island in the eastern Aleutian margin, Shikoku of the southeast Japan margin, the Island 

of Crete of the Hellenic margin, southern Iraq and western Pakistan of the Makran 

margin, and northeast New Zealand of the Hikurangi margin (Brandon et al., 1998 and 

references therein). Coastal Cordilleras run parallel to the trench, and they are typically 

flanked by a forearc depression located between them and the volcanic arc (Brandon et 

al., 1998). Most authors ascribe uplift and emersion of Coastal Cordilleras to the 

thickening of an accretionary wedge (e.g., Brandon et al., 1998; Clift and Vannucchi, 

2004). 
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The Chilean margin presents a Coastal Cordillera that runs parallel to the trench 

along most of its length. Between this range and the Andean Cordillera there is a low 

lying area, typically interpreted as a forearc basin, known as the Central Depression 

(e.g., Jordan et al., 1983; Horton, 2018). Several studies have been carried out in the 

tectono-stratigraphic evolution of the Andean Cordillera (e.g., Mpodozis and Ramos, 

1989; Charrier et al., 2007; Armijo et al., 2010; Farías et al., 2010; Giambiagi et al., 

2014). Fewer works have been performed in the genesis of the Coastal Cordillera and 

the Central Depression, most of them being carried out in central and south-central 

Chile (~33°-42°S) (e.g., Brüggen, 1950; Farías et al., 2008a; Rehak et al., 2008; 

Melnick et al., 2009). As a consequence, the causes and timing for the development of 

these morphotectonic units are debated. The genesis of the Coastal Cordillera and the 

Central Depression at the cited latitudes has been assigned to the Cretaceous (Gana and 

Wall, 1997), Late Oligocene-Early Miocene (Muñoz et al., 2000), Late Miocene (Farías 

et al., 2008a), or Pliocene (Brüggen, 1950; Melnick et al., 2009). The geologic 

evolution of these physiographic units has been related to very different causes 

including the uplift of the entire margin and the creation of the Central Depression by 

downwarping triggered by extensional tectonics (Brüggen, 1950), or by differential 

fluvial erosion (Farías et al., 2006; 2008a); to basal accretion driving the uplift of the 

Coastal Cordillera (Rehak et al., 2008); to the trenchward growth of the Andes that 

generated a foreland basin by orogenic loading (the Central Depression) and a fore-

bulge (the Coastal Cordillera) in the forearc area (Armijo et al., 2010); or to the 

widening of the crustal root caused by Andean shortening that triggered passive surface 

uplift in the Coastal Cordillera by isostatic rebound (Giambiagi et al., 2014) (see chapter 

4.3 for more details). Also not well understood is the origin of the latitudinal differences 

in elevation of these morphostructural units; the Coastal Cordillera is considerably low 
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or even absent in some areas of the Chilean margin, whereas junction ridges connecting 

the Coastal and Andean Cordilleras characterize some parts of the Central Depression 

(e.g., Rehak et al., 2008; Farías et al., 2008a). 

The cited studies show the incertitude in the genesis, timing, and latitudinal 

variability of the Coastal Cordillera and Central Depression. It is noteworthy that some 

authors relate the tectono-stratigraphic evolution of these morphostructural units to the 

development of the Andean Cordillera (e.g., Armijo et al., 2010; Giambiagi et al., 2014) 

whereas others ascribe their origin to accretionary processes occurring exclusively in 

the forearc (e.g., Lohrmann et al., 2006; Rehak et al., 2008; Melnick et al., 2009). Also 

debated is the relationship of the Coastal Cordillera and Central Depression genesis 

with extensional (Brüggen, 1950; Muñoz et al., 2000), or contractional deformation 

(Rehak et al., 2008; Melnick et al., 2009), passive uplift (e.g., Giambiagi et al., 2014), 

or even differential erosion (Farías et al., 2006; 2008a).  

The forearc of south-central Chile (36°30’-42°S. Fig. 1) is a key area to understand 

the genesis of these morphostructural units because there are widespread exposures of 

marine and continental late Cenozoic deposits that can help to constraint their evolution 

(Fig. 2). To investigate the tectono-sedimentary development of the  

Coastal Cordillera and Central Depression in this area, we based our study on 

stratigraphy, sedimentology, geochronology (U-Pb, LA-ICP-MS), structural geology, 

and geomorphology. Based on our findings and previous studies in this region, we 

explore the causes of the geologic evolution and latitudinal variability of these 

morphostructural units. Our studies reveal that their development is complex and related 

to different factors that varied with time. In particular, we show that tectonic processes 

in the Andean Cordillera had an important influence on the geological evolution of the 

forearc. 
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2. Review. 

2.1 Geologic setting.  

The Chilean margin has been an ongoing subduction area, probably since Paleozoic 

times (Oliveros et al., 2019). In south-central Chile, the oceanic Nazca plate subduces 

under the South American continent at a convergence rate of 66 mm/a, with an azimuth 

of about N78°W (Kendrick et al., 2003). There are two major bathymetric features of 

the oceanic plate along the Chilean margin: 1) the Chile Rise, an active spreading center 

that forms a triple junction between the Nazca, South American, and Antarctic plates at 

46°30' S, and 2) the Juan Fernández Ridge, a hot spot seamount chain intersecting the 

margin at ~33° S. In our study area (36°30’-42°S), major discontinuities of the Nazca  

Jo
ur

na
l P

re
-p

ro
of

Journal Pre-proof



8 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Digital elevation model of the study area showing the location of the Coastal Cordillera, the 

Central Depression, the western flank of the Andean Cordillera, the Loncoche Ridge, the trench axis, and 

the main oceanic fracture zones. Note Rivers born in the Andean Cordillera that traverse the entire forearc 

(Bío–Bío, Imperial, Toltén, Calle– Calle, and Bueno rivers). Insets show the location of figures 3, 4, and 

5. 
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Plate are the Mocha fracture zone (FZ) at 38°S, which is oblique to the margin, and the 

almost parallel to the convergence vector (~N78° E) Valdivia FZ at 40°S, and Chiloé 

FZ at 42°S (Somoza, 1998; Rehak et al., 2008) (Fig. 1).  

Three morphostructural units parallel to the trench characterize most of the Chilean 

margin; from west to east, these are the Coastal Cordillera, the Central Depression, and  

the Andean Cordillera (Fig. 1). Instead, a continuous rise in mean elevation along a 

west-east direction, and the absence of a Central Depression, characterize the segment 

between ~27° and 33°S (Rodríguez et al., 2014). The subduction of the aseismic Juan 

Fernandez Ridge caused the diminution of the subduction angle in this area (Charrier et 

al., 2007 and references therein). The lack of the Central Depression between ~27° and 

33°S has been attributed to the higher degree of intraplate coupling produced by the 

flat-slab subduction (Charrier et al., 2007). The Central Depression is also absent south 

of the triple junction at 46°30’ S (Charrier et al., 2007), which is probably caused by the 

subduction of the Chile Rise. 

 

2.1.1. Forearc: Costal Cordillera and Central Depression. 

In the study area (36°30’-42°S), the Coastal Cordillera and the basement of the 

Central Depresssion is principally composed of Upper Paleozoic-Triassic metamorphic 

rocks and Carboniferous-Permian and Cretaceous plutonic rocks (Sernageomin, 1998 

and references therein. Figs. 2, 3, 4, and 5). Upper Cretaceous and Paleocene-Eocene 

marine rocks crop out in the Arauco peninsula-Concepción area (37°-38°S. García, 

1968; Stinnesbeck, 1986). Oligocene-Lower Miocene volcanic rocks are exposed in 

some parts of the coastal area and the Central Depression (Sernageomin, 1998; Muñoz 

et al., 2000). Upper Oligocene-Lower Miocene continental and marine strata crop out in 

the Coastal Cordillera and the Central Depression (Sernageomin, 1998; Encinas et al.,  
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Figure 2. Geological map of the study area with the main tectonic structures. Modified from 

Sernageomin, 2003; Rehak et al., 2008; and Encinas et al., 2012. 

 

2012; 2018). Middle-Upper Miocene, Pliocene, and Pleistocene marine deposits occur 

in some localities along the coast (Kaizuka et al., 1973; Biró-Bagoczky, 1979; 

Valenzuela, 1982). Plio-Pleistocene volcanoclastic and fluvial deposits are extensive in 
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the Central Depression and some areas of the Coastal Cordillera (Muñoz-Cristi, 1960; 

Hauser, 1986).  

In the study area, the Coastal Cordillera is a subdued mountain range with variable 

altitudes, reaching maximum elevations of ~1500 m (Nahuelbuta Mountains, 38° S). 

The Central Depression (also known as Central Valley or Longitudinal Depression) is a 

low-relief area situated between the Coastal and the Andean Cordilleras that south of 

~42° is submerged. The Coastal Cordillera presents segments with different altitudes 

(Figs. 1, 3, 4, and 5). There are two high-elevation areas with an N-S trending, 

asymmetrical dome-like morphology that Rehak et al. (2008) termed the Nahuelbuta 

(~37°-38°30'S) and Bueno (~40°-41°'S) segments (Figs. 1, 3, and 5). These segments 

present maximum elevations of ~1500 m (Nahuelbuta) and 1000 m a.s.l. (Bueno) and 

average elevations of ~325 and 250 m a.s.l, respectively. Between them, there is a 

lower-relief area with maximum elevations of ~800 m a.s.l. and an average elevation of 

~140 m a.s.l., referred to as the Toltén segment by Rehak et al. (2008. Fig. 4). South of 

the Bueno segment, the Coastal Cordillera reduces its altitude progressively and 

disappears at the Canal de Chacao, a marine strait between continental Chile and Chiloé 

Island where this range rises again (Fig. 5). 

The segmentation is also reflected in the drainage-basin characteristics (Rehak et 

al., 2008). The Nahuelbuta and Bueno segments present deeply incised, E–W-trending 

valleys and record severe reorganizations of the drainage network, including wind gaps, 

knickpoints, flow reversals, and stream captures (Rehak et al., 2008). The Coastal 

Cordillera is primarily drained by locally sourced rivers in these areas. In fact, there are 

only five rivers born in the Andean Cordillera that traverse the entire forearc, the Bío–

Bío, Imperial, Toltén, Calle– Calle, and Bueno rivers (Rehak et al., 2008. Fig. 1). Only 

the Bueno River transects the Bueno segment, whereas the Bio-Bio River borders the  
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Figure 3. Digital elevation model and geology of the Nahuelbuta segment. Main localities cited in the  

text, geomorphic (marine terraces, low-relief uplifted surfaces, and isolated hills), and main tectonic 

structures (reverse faults), as well as boreholes locations, are shown. U/Pb zircon samples from this study 

are shown as black squares, and previous thermochronological data are represented in turquoise dots 

(taken from Glodny et al., 2008; Spikings et al., 2007, Thomson et al., 2010). Geological units as in 

Figure 2. 

 

Nahuelbuta segment, and its outlet is located north of this domain. In contrast, the low-

relief Toltén segment is drained by the Imperial, Toltén, and Calle–Calle rivers. These 

rivers lack ongoing incision and present broad alluvial plains with low-slope drainage 

that shows no signs of reorganization (Rehak et al., 2008). The highly dynamic fluvial 

systems characteristic of the Nahuelbuta and Bueno segments suggest ongoing uplift for 

these areas. Conversely, the lack of significant topographic contrasts, active incision, 
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and recent river modifications, suggest that the Toltén segment is a tectonically stable 

area (Rehak et al., 2008).  

 

 

Figure 4. Digital elevation model and geology of the Tolten segment. Main localities cited in the text, 

 geomorphic elements (Loncoche Ridge and isolated hills), and main tectonic structures ( strike-slip 

faults), as well as boreholes locations, are shown. U/Pb zircon samples from this study are shown as black 

squares, and previous thermochronological data are represented in turquoise dots (taken from Glodny et 

al., 2008; Thomson et al., 2010). Geological units as in Figure 2.  

 

The western flank of the Coastal Cordillera presents elevated planar surfaces with 

different heights and areal development depending on the area. Pioneer studies were 

carried out by Kaizuka et al. (1973), who described three uplifted surfaces in the 

Arauco-Nahuelbuta area (37°-38°S) that they interpreted as marine terraces. They were 

referred to as the Cañete, Esperanza, and Nochas surfaces that reach maximum heights 

of 232, 360, and 471 m a.s.l. (Figs. 3, and 14a). Kaizuka et al. (1973) and Melnick et al. 

(2009) ascribed these terraces to different interglacial sea-level highstands and  
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Figure 5. Digital elevation model and geology of the Bueno segment. Main localities cited in the text, 

geomorphic (low relief uplifted surfaces), and main tectonic structures (reverse and strike-slip faults), as 

well as boreholes locations, are shown. Blue lines represent the traces of structural profiles of figures 12, 

13, and 17. Inset shows the location of figure 15. U/Pb zircon samples from this study are shown as black 

squares, and previous thermochronological data are represented in turquoise dots (taken from Glodny et 

al., 2008; Thomson et al., 2010; Adriasola, 2003; Adriasola et al., 2006). Geological units as in Figure 2.  
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correlated the Cañete, Esperanza, and Nochas surfaces with marine oxygen isotope 

stages (MIS) 5e (130-116 ka), 7 (220-200 ka) and 9 (340-320 ka) respectively. These 

terraces have variable heights and show a similar landward tilting and an upwarping 

with an NW-SE trending axis (Kaizuka et al., 1973; Rehak et al., 2008).  Although 

detailed studies on marine terraces have been carried out only in the Arauco-Nahuelbuta 

area, these are conspicuous along the study area. For example, in the Valdivia region, 

where Illies (1970) described three elevated surfaces at 270, 430, and 520 m a.s.l. that 

likely correlate with those defined by Kaizuka et al. (1973). 

The geological history of the forearc of south-central Chile started in the late 

Paleozoic with the development of a broad accretionary wedge during Devonian to 

Triassic times (Duhart et al., 2001). Magmatic arc granitoids crystallized in the Late 

Carboniferous to Early Permian (Glodny et al., 2008). Zircon and apatite fission-track 

data in the present Coastal Cordillera of south-central Chile (36°-42°S. Figs. 3, 4, and 5) 

indicate significant exhumation of these rocks during the Triassic, ending around 200 

Ma (Glodny et al., 2008). Exhumation has been remarkably slow in this area since that 

period, with long-term average rates of 0.03–0.04 mm/a (Glodny et al., 2008). This 

notion is supported by two (U-Th)/He ages obtained by Thomson et al. (2010) near 

Valdivia that also indicate slow exhumation rates (Fig. 4). In addition, the occurrence of  

Middle to Late Triassic non-metamorphic, marine and continental successions 

discordantly overlying Late Carboniferous to Early Permian granitoids implies near-

surface positions of parts of this basement already in the Triassic (Glodny et al., 2008).  

Subsequently, no sedimentary or magmatic activity occurred in the forearc until the 

Late Cretaceous when restricted plutonic activity took place in the coastal area near 

Valdivia (~40°S. Mella et al., 2012) and the Loncoche Ridge (Duhart et al., 2003).  

Afterward, the sedimentary record indicates subsequent intervals of uplift and 
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subsidence that gave way to transgressive and regressive events. Marine successions 

accumulated during the Maastrichtian (Stinnesbeck, 1986), the Paleocene-Eocene (Lebu 

Group; García, 1968), the late Oligocene-early Miocene (Encinas et al., 2018 and 

references therein), the middle-late Miocene (Valenzuela, 1982; Álvarez et al., 2006; 

Nielsen and Glodny, 2006; Encinas et al., 2012), the Pliocene (Biró-Bagoczky, 1979), 

and the Plio-Pleistocene (Kaizuka et al., 1973). However, these events did not lead to 

exhumation detectable by the apatite fission-track method (Glodny et al., 2008). The 

only exception is a final Pliocene to recent cooling episode in the Nahuelbuta segment 

(Glodny et al., 2008). Glodny et al. (2008) also identified Apatite Fission Track Late 

Cretaceous, Eocene, and late Oligocene ages that they interpreted as thermal anomalies 

caused by magmatism. 

 

2.1.2. Andean Cordillera. 

In the study area, the Andean Cordillera (also known as Main or Principal 

Cordillera) has active volcanoes and the highest peaks that reach maximum altitudes of 

~3500 m. At ~38ºS, the Andean Cordillera exhibits a significant geomorphologic 

change as the broad and high (>4000 m) Central Andes to the north give way to the 

narrow and relatively low (~2000 m) North Patagonian Andes to the south (Hervé, 

1994). The oldest rocks of the Andean Cordillera are middle-late Paleozoic 

metamorphic rocks (Duhart et al., 2001). Late Jurassic to Miocene plutonic rocks are 

dominant south of ~38°S due to high exhumation rates in this area during the late 

Cenozoic (Mpodozis and Ramos, 1989). Paleogene and Neogene volcanic, 

volcaniclastic, and sedimentary rocks are abundant north of 38°S (Sernageomin, 2003). 

Extensional tectonic conditions characterized the Chilean margin during the Late 

Triassic to the late Early Cretaceous (Mpodozis and Ramos, 1989). A series of 
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interconnected backarc basins that were filled with thick successions of marine and 

continental sedimentary strata developed in this period (Mpodozis and Ramos, 1989). 

Afterward, The Andean Cordillera has been contractionally deformed in two main 

deformational phases, one spanning from the late Early Cretaceous to the early 

Paleocene and another in Neogene times (Orts et al., 2012; RojasVera et al. 2015; 

Giambiagi et al., 2016; Encinas et al., 2018; Horton, 2018). Extensional or neutral 

tectonic conditions prevailed during the Paleocene-Eocene (Echaurren et al., 2016; 

Horton, 2018), and an important phase of extensión took place during the Oligocene-

early Miocene (Muñoz et al., 2000; Jordan et al., 2001). A significant tectonic 

discontinuity in the Andean Cordillera is the N-S, dextral strike-slip, Liquiñe-Ofqui 

fault zone (LOFZ), which extends from the Chile triple junction at 46°30’S to the 

Copahue volcano at 38°S (Hervé, 1994). Structural analyses, Ar-Ar geochronology, and 

fission-track thermochronology indicate right-lateral transpression along the LOFZ 

during the Late Miocene to Pliocene (e.g., Cembrano et al. 2002; Thomson, 2002; 

Adriasola et al., 2006). 

In central Chile (~33°-34°S), a reverse fault in the limit between the Central 

Depression and the western part of the Andean Cordillera (the San Ramón Fault) has 

been interpreted as a west vergent, crustal-scale thrust named the West Andean Thrust 

(WAT) by Armijo et al. (2010). Farías et al. (2008a) and Armijo et al. (2010) estimated 

the throw of the San Ramón fault in 600-1100 m and 3500 m, respectively. In south-

central Chile, the nature of the contact between the Central Depression and the Andean 

Cordillera is not evident due to the abundant vegetation that characterizes this area. 

There is a major, approximately linear, N-S oriented, topographic change in the limit 

between these morphostructural units that suggest a tectonic contact (Figs. 1, 2, 3, 4, 

and 5). In support of this notion, the Plio-Pleistocene deposits that fill most of the 
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Central Depression show progressively higher elevations towards the western flank of 

the Andean Cordillera, where they reach elevations up to ~700 m m.a.s.l. (Ferraris, 

1981). Melnick et al. (2006) identified a reverse fault (the Huépil Fault) affecting beds 

of the Rodados Multicolores Formation in the limit between the Andean Cordillera and 

the Central Depression at 37°S (Fig. 3). Sepúlveda et al. (2019) identified another 

reverse fault (the Mesamávida Fault) at 36°S. Based on seismic information, González 

(1983) recognized a major, almost vertical, west-vergent reverse fault (the Puerto Montt 

Fault, 41°30’S) in the limit between the Andean Cordillera and the Central Depression. 

Encinas et al. (2013) noted that the ENAP Puerto Montt 1 well (PM-1), in the eastern 

part of the Central Depression, transected Upper Oligocene-Lower Miocene marine 

strata covered by 2250 m of Plio-Pleistocene deposits (Figs. 5, and 17), whereas 

strongly deformed correlative strata of the Ayacara Formation crop out in the western 

flank of the Andean Cordillera only ~20 km to the east (Encinas et al., 2013). Upper 

Miocene and Pliocene plutonic rocks crop out in the same area (Duhart, 2008). Thus, a 

minimum vertical throw of ~2000 m for the Puerto Montt fault is deducted from the 

topographic difference between the top of the Miocene marine strata transected by the 

well and the altitude of the correlative Ayacara Formation (Encinas et al., 2013). A 

maximum Pliocene age for this fault is inferred from the occurrence of plutonic rocks of 

this age in the western Andean Cordillera. 

The occurrence of a major thrust between the forearc and the Andean Cordillera has 

derived in a hot debate in the interpretation of the kinematics, style of deformation, and 

tectonic drivers of the Andes of central Chile and Argentina (see Armijo et al., 2010; 

Astini and Davila, 2010). Classical studies propose that shortening in the Andean 

Cordillera is associated with an eastward propagation of deformation into the foreland 

(e.g., Mpodozis and Ramos, 1989; Charrier et al., 2007; Farías et al., 2010; Giambiagi 
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et al., 2014). In this model, the WAT simply corresponds to a second-order backthrust 

(e.g., Astini and Davila, 2010; Farías et al., 2010). However, Armijo et al. (2010) 

challenged this conception proposing that Andean deformation progressively shifted 

trenchward (westward) instead of cratonward (eastward) since ~25-22 Ma ago. 

According to these authors, the shortening process has continued to the present time by 

westward propagation of the WAT up to the current West Andean Front. Armijo et al. 

(2010) proposed that the Central Depression is not a forearc basin, as currently 

considered, but a foreland basin located west of the Andes and generated by orogenic 

loading.  In concordance with this notion, they proposed that the uplift of the Coastal 

Cordillera was caused by elastic fore‐bulging ahead of the foreland flexure (Armijo et 

al., 2010).  

Astini and Davila (2010) questioned this model because they argued that the 

tectonic load caused by the westward migration of the Andes of central Chile and 

Argentina since the early Miocene should have triggered the deposition of ~4-6 km of 

synorogenic Neogene deposits in the forearc (the western foreland in Armijo et al. 2010 

model). They noted that thick accumulations of Neogene synorogenic strata occur 

instead in the eastern flank of the Andes, which have progressively moved eastward 

since ∼20 Ma. They further indicated that there is no stratigraphic evidence to sustain 

that the uplift of the Coastal Cordillera was caused by elastic fore-bulging, nor this 

hypothesis is compatible with flexural calculations. 

Several authors carried out thermochronological studies in the western slope of the 

Andean Cordillera of central and south-central Chile (e.g., Thomson, 2002; Adriasola et 

al., 2006; Glodny et al., 2008; Spikings et al., 2008; Maksaev et al., 2009; Thomson et 

al., 2010). Interpretation of these data in terms of deformation and exhumation is not 
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straightforward due to the magmatism-related fluctuations in the paleogeothermal field 

that characterize this part of the Andes (Glodny et al., 2008). 

Maksaev et al. (2009) carried out zircon and apatite fission-track thermochronology 

for Miocene plutons of the western slope of the Andean Cordillera in central Chile (33-

35°S). Their data indicate a distinctive episode of enhanced cooling between about 6 

and 3 Ma that they attributed to accelerated exhumation rates caused by compressive 

tectonism. They related this episode with the sedimentation of Plio-Pleistocene coarse-

grained conglomerates in the western flank of the Andes and the forearc by mass 

wasting processes. Maksaev et al. (2009) proposed that rapid erosion could have 

triggered magma desgassing and the development of huge Cu-Mo mineral deposits. 

Rapid exhumation in this area coincides with the southward migration of the subducting 

Juan Fernández Ridge and the development of progressive subduction flattening 

northward of 33°S, according to Maksaev et al. (2009). 

Spikings et al., (2008) analyzed 
40

Ar/
39

Ar, apatite fission-track, and zircon and 

apatite (U–Th)/He data from granitoids in the western slope of the Andean Cordillera 

between 35° and 38°S (Fig. 3). They identified two episodes of rapid cooling. The first 

one took place between 18 and 15 Ma and was attributed by these authors to both 

thermal relaxation following magmatic intrusion and possibly regional-scale tectonic 

exhumation (Spikings et al., 2008). The second event took place during the late 

Miocene, commencing at 7.5-7.0 Ma, and was caused by tectonic exhumation that the 

authors suggested may be a consequence of the subduction of the Juan Fernandez Ridge 

above the flat-slab segment. 

Glodny et al. (2008) carried out apatite fission-track thermochronology between 

37° and 40°S (Figs. 3, 4, and 5). Most of these ages range between the late Miocene and 

the Pleistocene (see Fig. 2 in Glodny et al., 2008). There is also one Miocene age (16.4 
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Ma) near Villarrica and two Eocene ages (40.5 and 34.3 Ma) near Lonquimay. Based on 

these results, they proposed that there are more rapid exhumation rates near Liquiñe 

(~40°S) than in the Lonquimay area (~38°S) that they attributed to more intense glacial 

erosion in the southern part of their study area during the Late Miocene to Pleistocene. 

They also noted that there is no distinct evidence for differential exhumation along the 

Liquiñe Ofqui Fault Zone near Liquiñe as proposed by Adriasola et al. (2006) and 

Thomson (2002) for the area between 41° and 46°S. 

Adriasola et al. (2006) carried out zircon and apatite fission-track 

thermochronology between ~41° and 42°S (Fig. 5). They interpreted rapid cooling at 5–

3 Ma along both sides of the Liquiñe Ofqui Fault Zone, whereas older Miocene ages 

with monotonous cooling histories were obtained further away from the fault. 

According to Adriasola et al. (2006), right-lateral transpression caused Pliocene 

enhanced cooling along the LOFZ. 

Thomson (2002) analyzed zircon and apatite fission-track data between 42° and 

46°S (Fig. 5). They interpreted that the area was subjected to enhance cooling and 

denudation initiated ca. 16-10 Ma with very fast cooling between 7 and 2 Ma. They 

identified several fault blocks with different cooling histories showing denudation 

increase from east to west. They related exhumation to transpression associated with the 

activity of the LOFZ balanced by high rates of glacial erosion.  

Thomson et al. (2010) obtained apatite (U–Th)/He ages and apatite fission-track 

(AFT) ages from several samples collected 38° and 56° S (Figs. 3, 4, and 5). Based on 

these data, they proposed high exhumation rates for the 38°-49°S segment between 7 

and 5 Ma. They attributed this event to the combination of major Patagonian glaciation 

with the retreat of tectonic deformation from the easternmost thrust front towards the 

western slope of the Andes. In contrast, older cooling ages were recorded at higher 
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latitudes (49° to 56°S), which Thomson et al. (2010) attributed to the protective effect 

of a thicker ice cover that resulted on more reduced erosion than further north. 

 

2.2. Forearc Cenozoic stratigraphy 

In the following section, we describe the most important units of sedimentary and 

volcanic rocks accumulated in the forearc of south-central Chile during the Oligocene to 

present (Figs. 2, and 6). We focus on the rocks deposited during this period because 

they are crucial to constraint the evolution of the Coastal Cordillera and Central 

Depression.  

 

2.2.1. Oligocene-Lower Miocene volcanic rocks  

Oligocene-Lower Miocene volcanic rocks (Fig. 6), including andesites, basalts, and 

minor dacites, occur locally in some areas of the forearc of south-central Chile (Fig. 2). 

These rocks were referred to as the Coastal Volcanic Belt by Vergara and Munizaga 

(1974). Coeval volcanic rocks are exposed in the Andean Cordillera and the foreland 

(Muñoz et al., 2000; Jordan et al., 2001). The geochemistry of the Oligocene-Lower 

Miocene volcanic rocks suggests that they were emplaced on a thinned crust under an 

extensional tectonic regime (e.g., Muñoz et al., 2000; Jordan et al., 2001, and references 

therein). The volcanic rocks of the Coastal Volcanic Belt overlie the metamorphic 

Paleozoic basement or Eocene? continental sedimentary rocks (Rubio, 1990; Muñoz et 

al., 2000). The thickness of the volcanic rocks is difficult to determine, but it reaches 

360 m in a well drilled near Temuco (39°S. Rubio, 1990. Fig. 2). Although some of the 

volcanic rocks that crop out in the forearc have been assigned to the Eocene, 

radiometric dating indicates that most of them were emplaced during the Oligocene-

Early Miocene (Muñoz et al., 2000; Mella and Quiróz, 2010). In the Los Ángeles- 
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Figure 6. Stratigraphic chart of the study area showing the Oligocene to Pleistocene main formations in 

the forearc of south-central Chile. The names of some units can differ depending on the area (see chapter 

2.2 for more details). Colors represent the following rocks: marine rocks (blue), continental rocks 

(brown), volcanic rocks (pink). 

 

Temuco area (~37°-39°S. Fig. 2), these rocks crop out in the Central Depression and the 

eastern flank of the Coastal Cordillera having been assigned to the Huelehueico (north 

area) and Pilmahue (south area) formations by Elgueta and Rubio (1991) and García 

(1968) respectively. Further south, volcanic rocks of the Caleta Parga and Ensenada 

Capitanes formations crop out in the coastal area at ~41°S (Muñoz et al., 2000) (Fig. 2).  

 

2.2.2. Upper Oligocene-Lower Miocene continental sedimentary rocks 

 Fluvial, alluvial, and estuarine strata composed of sandstone, siltstone, 

conglomerate, and coal occur locally in the Central Depression and the Coastal 
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Cordillera of south-central Chile (Sernageomin, 1998. Figs. 2 and 6). They have been 

defined by several local names such as the Cheuquemó Formation, the Temuco 

Formation, the San Pedro Formation, the Estratos de Pupunahue, the Osorno Formation, 

the Estratos de Pupunahue-Catamutún, and the Parga Formation (Finger and Encinas, 

2009 and references therein). These units overlie the metamorphic basement and 

underlie Upper Oligocene-Lower Miocene marine strata. The thickness of these 

successions varies between a few meters to 1200 m, as determined in wells drilled in the 

Central Depression (Elgueta et al., 2000). Different ages, ranging from Eocene to 

Miocene, have been assigned to these units (Finger and Encinas, 2009, and references 

therein). Zircons from ash-layers interbedded with coal-beds in two localities near 

Valdivia (40°S. Fig. 2) yielded U-Pb ages of 23.5 and 21.8 Ma respectively 

(Sernageomin, 1998; Elgueta et al., 2000; Elgueta and Mpodozis, 2012), which 

indicates a Late Oligocene-Early Miocene age. However, other authors propose an 

Eocene age for these strata based on pollen and foraminifers (see Finger and Encinas, 

2009, and references therein). This suggests the possible existence of two coal-bearing 

successions of Eocene and latest Oligocene-earliest Miocene ages. 

 

2.2.3. Upper Oligocene-Lower Miocene marine sedimentary rocks 

Upper Oligocene-Lower Miocene marine strata occur at different localities in the 

forearc and the Andean Cordillera of central and southern Chile between ~33° and 45°S 

(Encinas et al., 2018 and references therein). In the study area, they crop out on the 

coast of the Arauco Peninsula (Ranquil Formation, ~37-38°S), and in the Coastal 

Cordillera and Central Depression between ~38-42°S (Cholchol and Santo Domingo 

formations. Encinas et al., 2012. Figs. 2, and 6). These units overly the metamorphic 

basement, Oligocene-Lower Miocene volcanic rocks, or Upper Oligocene-Lower 
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Miocene continental strata (Rubio, 1990; Elgueta et al., 2000; Encinas et al., 2012; 

2018). The marine formations consist of sandstone, siltstone, and minor conglomerate 

containing abundant and diverse fauna (Encinas et al., 2012, and references therein). 

Wells drilled in the Central Depression indicate a thickness of up to 1500 m for these 

strata (Elgueta et al., 2000). Sedimentologic, ichnologic, and paleontologic studies 

indicate deposition in a deep-marine environment (Encinas et al., 2012; Finger, 2013). 

Analysis of seismic lines (Elgueta et al., 2000; Jordan et al., 2001; Melnick and Echtler, 

2006) indicate the presence of normal faults and synextensional growth strata in these 

units. The age of these deposits has been a matter of debate for decades (Encinas et al., 

2018). An early Miocene age was derived principally from studies on mollusks, and 

shark teeth, whereas a middle to late Miocene or early Pliocene age for these units had 

been interpreted from the study of foraminifers, ostracodes, and pollen (Encinas et al., 

2018 and references therein). However, 
87

Sr/
86

Sr ages (Nielsen and Glodny, 2009), and 

reexamination of planktic foraminifers (Finger, 2013) confirm a Late Oligocene-Early 

Miocene age for these units.  

 

2.2.4. Middle-Upper Miocene marine sedimentary rocks 

Marine deposits of this age (Fig. 6) crop out only in a few localities of the study 

area (Fig. 2). In the Arauco Peninsula (37°-38°S), an unnamed succession of 

fossiliferous sandstones overlying the Ranquil Formation was assigned to the late Early-

early Middle Miocene (16.1+0.64/-0.56 Ma) by Sr isotope stratigraphy (Nielsen and 

Glodny, 2006). A succession of similar characteristics, defined as the Caleta Godoy 

Formation, crops out along the coast between ~41°-42°S and was tentatively assigned to 

the Miocene by Valenzuela (1982). This unit shows a disconformity or an angular 

unconformity with the Santo Domingo Formation and has a maximum thickness of 500 
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m (Antinao et al., 2000; Encinas et al., 2012). In the offshore area west of the Arauco 

Peninsula (37°-38°S), Álvarez et al. (2006) identified middle-upper Miocene marine 

deposits with growth strata indicative of compressive deformation. 

 

2.2.5. Pliocene-Pleistocene marine and continental deposits.  

 Marine and continental deposits accumulated during the Pliocene-Pleistocene 

interval crop out in the Central Depression and the coastal area (Fig. 2). These deposits 

have horizontal strata and present an angular unconformity with Oligocene-Miocene 

strata and a non-conformity with Paleozoic-Triassic metamorphic and plutonic rocks. 

 

Central Depression. 

 The oldest Plio-Pleistocene unit in the Central Depression is the Mininco Formation 

(Muñoz Cristi, 1960. Fig. 6). These deposits overly Carboniferous-Permian plutonic 

rocks and Oligocene-Lower Miocene volcanic rocks (Ferraris, 1981). Outcrops of the 

Mininco Formation are scarce as they are typically covered by the Rodados 

Multicolores Formation. The thickness of this unit is unknown. The Mininco Formation 

consists of sandstones, conglomerates, tuffaceous siltstones, and tuffs (Fig. 7a, and 8). 

The Mininco Formation was tentatively assigned to the Plio-Quaternary by Muñoz 

Cristi (1960).  

The Rodados Multicolores Formation (Fig. 6) was defined by Hauser (1986) as a 

predominantly conglomeratic succession that crops out extensively in the Central 

Depression of south-central Chile between ~36° and 42°S, although similar deposits 

extend continuously to the north until ~33°S. Minor outcrops are exposed at higher 

elevations in the eastern flank of the Coastal Cordillera and in the western flank of the 

Andes (Hauser, 1986). In some areas (39°-40°S), these deposits extend continuously  
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Figure 7. Characteristic features from the Plio-Pleistocene deposits of the forearc of south-central Chile. 

(A) Pumice conglomerate of the Mininco Formation (sample ITAT 1). (B) Fluvial and lahar deposits of 

the Rodados Multicolores Formation at the Itata River banks (samples SITAT 1 and 2 were obtained 

here). (C) Detail of clast-supported, fluvial conglomerates from the basal part of the succession. (D) 

Detail of matrix-supported, lahar conglomerates from the upper part of the succession. Camera case is 10 

cm long. (E) Intensely weathered clast-supported conglomerated of the Rodados Multicolores Formation 

in a roadcut ~25 km east of Temuco. Note rinds around a harder, less altered core. (F) Silty sandstones of 

the Tubul Formation in the northern part of the Arauco Peninsula. (G) Contact (indicated by arrow) 

between sandstones of the lower marine (estuarine) member (LM) and conglomerates of the upper fluvial 

member (UM) of the Cañete Formation (CAÑ) in the southern part of the Arauco Peninsula. Note 

bimodal paleocurrent directions of cross-bedded sandstones in the lower marine member. (H) Detail of 

the contact. (I) Detail of cross-bedded sandstones with bimodal paleocurrent directions in the lower 

member. Note also Conichnus (Co) trace fossil. (J) Detail of bivalve molds in the lower member. (K) 

Fluvial deposits of the upper member of the Cañete Formation in the central part of the Arauco Peninsula. 

Note sandy Channel deposits (Ch) and silty (St) floodplain deposits (Fp) with paleosoil (Ps). (L) 

Disconformity between fluvial deposits of the Cañete Formation (CAÑ) bearing volcanic clasts and 

recent fluvial deposits (RD) containing metamorphic and plutonic basement clasts. Roadcut near Tirúa. 

See localities in figures 3, 4, and 5. 
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from the Andean Cordillera to the coastal area (Fig. 2). The Rodados Multicolores 

Formation conformably overlies the Mininco Formation and presents an angular 

unconformity with Oligo-Miocene volcanic and sedimentary rocks and a non-

conformity with metamorphic and plutonic basement rocks (Hauser, 1986). Information 

from wells drilled in the Central Depression indicates that the thickness of this unit is 

highly variable, from a few meters to more than 1000 m (Hauser, 1986; Vergara et al., 

1997; Elgueta et al., 2000). The Rodados Multicolores Formation consists of 

conglomerates, sandstones, and minor siltstones and tuffs (Fig. 7b, c, d, e, 8, and 9). 

This unit was tentatively assigned to the Plio-Pleistocene by (Hauser, 1986).  

A conglomeratic succession that we define here as the Nochaco Formation (Fig. 6, 

and 9) crops out in several parts of the Loncoche Ridge (Figs. 1 and 4) (Duhart et al., 

2003). They occur at different heights up to ~500 m a.s.l. The formation overlies the 

metamorphic basement, and it is only a few tens of meters thick. This unit was 

tentatively assigned to the Pleistocene by Duhart et al. (2003).  

  

Coastal area. 

The Tubul Formation (Biró-Bagoczky, 1979) is a marine unit that crops out in the 

Arauco Peninsula-Tirúa area (37°-38°S. Figs. 2, and 6).  This unit presents an angular 

unconformity with Eocene and Upper Oligocene-Lower Miocene marine strata. The 

Tubul Formation is ~100 m thick and consists of fossiliferous sandy siltstones (García, 

1968; Biró-Bagoczky, 1979. Fig. 7f). Sedimentologic and paleontologic analysis of this 

unit indicate deposition in a shallow-marine environment (Vargas, 2019). Rojas, (2000) 

assigned an Early Pliocene age to this formation based on the finding of the foraminifer 

Sphaeroidinella deshicens. 
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The Cañete Formation (Fig. 6) was defined by Kaizuka et al. (1973) in the Arauco 

Peninsula (37°-38°S). However, we also identified outcrops of this unit in several parts 

along the coast between this area and Puerto Saavedra (39°S), which Pino et al. (2002) 

correlated with equivalent deposits in the Valdivia area (40°S), and also near Caleta 

Huellelhue, southwest of Valdivia (41°S. Fig. 2). The Cañete Formation is up to ~100 m 

thick and presents an angular unconformity with Eocene and Miocene marine strata of 

the Grupo Lebu and Ranquil Formation, and a disconformity with the Pliocene Tubul 

Formation (Kaizuka et al. 1973). Melnick et al. (2009) divided the Cañete Formation 

into a lower marine member and an upper fluvial member (Figs. 7g, h, i, j, k, l, and 9). 

The marine member consists of sandstone and minor siltstone, and the fluvial member 

is composed of conglomerate, sandstone, and minor siltstone. The upper member of the 

Cañete Formation transitionally overlies the lower marine member, although in some 

areas unconformably overlies Eocene marine rocks. This member is very similar to the 

Rodados Multicolores Formation. In fact, an outcrop of the first unit near Tirúa was 

correlated with this unit by Rehak et al. (2008). In some localities, the upper Member of 

the Cañete Formation is disconformaly overlain by recent fluvial deposits that contain 

metamorphic and plutonic clasts (Fig. 7l). The age of the Cañete Formation is Plio-

Pleistocene, as constraint by the Early Pliocene age of the underlying Tubul Formation 

and the Pleistocene (~120 ka) age attributed to the Cañete surface (Melnick et al., 2009) 

developed over the Cañete Formation (see section 5.1).  

 

3. This study 

3.1 Sedimentology of the Mininco, Rodados Multicolores, Nochaco, 

and Cañete formations. 
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Figure 8. Representative sections of the Mininco, Rodados Multicolores, and Cañete Formations (see 

also figure 9). Location of U-Pb samples in the stratigraphic columns is indicated (see geographic 

location of these samples in figures 3, 4, and 5). LT, lithology: (1) schist, (2) granite, (3) breccia, (4) 

conglomerate, (5) sandstone, (6) tuff, (7) siltstone, (8) paleosoil. SS, sedimentary structures: (9) trough 

cross-bedding, (10) planar cross-bedding, (11) sigmoidal cross-stratification, (12) parallel lamination, 

(13) imbricated clasts, (14) pumice clasts, (15) paleocurrents. F, TF fossils and trace fossils: (16) 

bivalves, (17) wood, (18) Conichnus, (19) escape trace fossils, (20) Glossifungites ichnofacies. Grain 

size: (C) clay, (Sl) silt, (Fs) fine sand, (Ms) medium sand, (Cs) coarse sand, (G) granule gravel, (Pc) 

pebble gravel, (Cc) cobble gravel. Contact types: (NC) nonconformity, (AU) angular unconformity, (DC) 

disconformity. Stratigraphic Units: (MB) metamorphic basement, (PB) plutonic basement, (RAN) 

Ranquil Formation, (MIN) Mininco Formation, (RM) Rodados Multicolores Formation, (NOCH) 

Nochaco Formation, (CAÑ) Cañete Formation, (LM) Lower Member, (UM) Upper Member. 

 

We analyzed different stratigraphic columns of the Mininco, Rodados Multicolores, 

Nochaco, and Cañete (Figs. 8, and 9). Outcrops of these units typically occur along 
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Figure 9. Representative sections of the Mininco, Rodados Multicolores, and Cañete Formations 

(continuation of figure 9). 

 

roadcuts and riverbanks. Sections are typically small and badly preserved, which 

prevents a refined sedimentologic interpretation. 

 

3.1.1. Mininco Formation. 

The Mininco Formation is composed of sandstones, conglomerates, tuffaceous 

siltstones, and tuffs (Fig. 8). Conglomerates contain abundant clasts of pumice (Fig. 7a) 

and scarcer basalt and andesite. Sandstones typically display erosive contacts and 

through and planar cross-bedding. Tuffaceous siltstones locally present paleosoils as 

well as leaves and wood debris. Lithic tuffs are typically interbedded with sandstone 
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and tuffaceous siltstones. We interpret the Mininco Formation as deposited by braided 

and meandering rivers. The occurrence of tuffs and abundant pumice clasts in sandstone 

beds indicates contemporaneous explosive volcanism. 

 

3.1.2. Rodados Multicolores Formation 

The Rodados Multicolores Formation consists of conglomerates, sandstones, and 

minor siltstones and tuffs (Figs. 8 and 9). Conglomerates contain clasts that are typically 

decimeters long and are composed primarily of volcanic rocks (andesite and basalt) and, 

more rarely, of granite. They present two different facies: 1) clast-supported 

conglomerates with well-rounded clasts, and 2) matrix-supported conglomerates with 

angular clasts and a matrix composed of andesite lithics, plagioclase, quartz, and ash 

(Fig. 7b, c, d, and e). Paleocurrent analysis from imbricated clasts indicates an 

approximately west transport direction (Fig. 8).  The upper part of clast-supported 

conglomerate facies are typically strongly weathered; clasts show soft, weathered rinds 

and harder, less altered cores (Fig. 7e). Sandstones show planar and trough cross-

bedding. They occur as lenses within clast-supported conglomerates or form more 

continuous successions that locally show intercalations of siltstones and tuffs. Siltstones 

can contain fossil leaves and paleosoils. In agreement with Hauser (1986), we interpret 

the Rodados Multicolores Formation as deposited by braided rivers (gravel- and sandy 

dominated) with locally interbedded lahar deposits corresponding to the matrix-

supported conglomeratic facies. The lower part of the Salto del Laja section (Fig. 9) 

probably corresponds to a meandering fluvial system as it presents channel and fine-

grained floodplain facies associations. The occurrence of tuffs indicates explosive 

volcanism contemporaneous with fluvial and lahar deposition. In agreement with Thiele 
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et al. (1998), we interpret typical superficial weathering of the Rodados Multicolores 

Formation as caused by soil development after the end of the sedimentation of this unit. 

 

3.1.3. Nochaco Formation 

The outcrops of this unit are very scarce and poorly preserved (Fig. 9). The Nochaco 

Formation consists of conglomerates that contain clasts typically decimeters in size 

composed of well- to subangular clasts of slate, metasandstone, schist, andesite, and 

granite. They present two different facies: 1) clast-supported conglomerates with well-

rounded clasts, and 2) matrix-supported conglomerates with angular clasts. The 

Nochaco Formation is likely correlative with the Rodados Multicolores Formation (see 

section 4.1). We interpret this unit as deposited by gravel-dominated braided rivers with 

locally interbedded lahar deposits corresponding to the matrix-supported conglomeratic 

facies. 

 

3.1.4. Cañete Formation 

The Cañete Formation presents a lower marine Member and an upper fluvial 

Member (Figs. 7 g, h, and 9). The lower Member consists of sandstone and minor 

siltstone. We identified a bioturbated horizon with undetermined borings, characteristic 

of the Glossifungites ichnofacies, in the contact of these units with the Ranquil 

Formation near Quiapo (Fig. 9). Sandstone presents sigmoidal cross-bedded sandstone 

with bimodal paleocurrent directions (Figs. 7g, h, and i), flaser, wavy, and lenticular 

bedding. Locally contains molds of bivalves (Fig. 7j) and scarce trace fossils of 

Conichnus (Fig. 7i), Ophiomorpha, and escape trace fossils. The cited facies denote 

tidal influence and probably indicate an estuarine environment developed during the 

marine transgression that gave way to the deposition of this member.  
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The upper member of the Cañete Formation transitionally overlies the lower marine 

member, although in some localities it directly overlies older rocks. This member 

consists of conglomerate, sandstone, and minor siltstone (Figs. 7k, l, and 9). 

Conglomerates are clast-supported, moderately to well sorted, and contain well-rounded 

clasts centimeters to, more rarely, decimeters long composed of andesites and minor 

metamorphic rocks that are commonly weathered. Paleocurrent analysis from 

imbricated clasts indicates an approximately west transport direction (Fig. 9). 

Sandstones locally present cross-bedding. Siltstones are scarce and present paleosoils 

(Fig. 7k). This member is locally covered by recent fluvial deposits bearing clasts 

derived from the metamorphic basement (Fig. 7l). We interpret the upper member of the 

Cañete Formation as deposited by gravel- and sandy dominated braided rivers. 

 

3.2. U-Pb Geochronology 

3.2.1. U-Pb Geochronology Analytical Method 

The age and provenance of Plio-Pleistocene deposits in the Central Depression and 

Coastal Cordillera are essential to constraint the tectono-sedimentary evolution of these 

morphostructural units. For this reason, we carried out U-Pb geochronology from the 

Mininco, Rodados Multicolores, Nochaco, and Cañete formations. These units had been 

tentatively considered as Pliocene or Quaternary (e.g., Muñoz-Cristi, 1960; Kaizuka et 

al., 1973; Hauser, 1986) but never properly dated. We analyzed 12 samples, including 

sandstones (4 samples), sandy siltstones (2 samples), pumice-bearing conglomerates (1 

sample), and tuffs (4 samples). Results from the LA-ICPMS zircon U-Pb isotope 

analyses are presented in Table DR1. In order to determine the depositional ages of the 

volcanic rocks and maximum depositional ages and zircon provenance from the 

sedimentary rocks, we analyzed over 50 –and over 100 zircon crystals per sample, 
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respectively.  The calculated 
206

U/
238

Pb Tuff Zirc ages and other age groups are 

presented in Table 1. Probability density age distribution and Tuffzirc age plots are 

presented in figures 10 and 11. The geographic location of the samples is indicated in 

maps from figures 3, 4, and 5. The location of samples in stratigraphic columns is 

indicated in figures 8, and 9. 

 
 

Figure 10. Zircon U-Pb age distributions for samples of the Mininco (ITAT 1, RMIN 1, and TRAN 1) 

and Rodados Multicolores (SITAT 1, SITAT 2, and SLAJA 1) formations (see Table 1 for sample 

details). Age spectra are depicted as age probability functions (thick black lines) and age histograms 

(open rectangles). See geographic and stratigraphic location of samples in figures 3, 5, 8, and 9. 

 

Zircon concentrates from all samples were separated at Zirchron LLC laboratory in 

Tucson, Arizona. Each sample was individually unpacked and pressure washed with 
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water to remove any debris and/or foreign materials. Sample rock fragments were 

placed in the sample chamber of an Electro Pulse Disaggregator (EPD, Marx generator),  

 
Figure 11. Zircon U-Pb age distributions for samples of the Rodados Multicolores (COLL 1, CPEL 1, 

and UNI 1), Nochaco (NOCH 1), and Cañete (219 M1 and STIR 1) formations (see Table 1 for sample 

details). Age spectra are depicted as age probability functions (thick black lines) and age histograms 

(open rectangles). See geographic and stratigraphic location of samples in figures 3, 4, 5, 8, and 9. 

 

and electrical pulses were applied at 1-2 Hz repetition and discharges of ~220 kV for 15 

minutes. The material, sized between 500 µ and 25 µ, was then processed using 

traditional methods using the Wilfley water table, Frantz paramagnetic separator, and 
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one-step (3.32 gr/cc) heavy liquid MEI separation. Zircons from the non-magnetic 

fraction were mounted with standards in a 1-inch diameter epoxy puck and polished 

using standard laboratory procedures. 

After cathodoluminescence imaging, U-Pb analyses were conducted using laser 

ablation ICP-MS. An Analyte G2 193nm excimer laser was connected to the Element2 

high resolution inductively coupled plasma mass spectrometer. For the U-Pb 

measurement, we mostly followed the method of Chang et al. (2006), except the use of 

the 193nm laser instead of the 213nm laser in the Chang et al. (2006) study. The laser 

parameters were 35um spot size, 10 Hz repetition rate with ~4 J/cm2 power for the U-

Pb analysis. A 30-second blank measurement of He and Ar carrier gasses (laser off) 

before each analysis was used to measure background, followed by 250 scans across 

masses 202Hg, 204Pb+Hg, 206Pb, 207Pb, 208Pb, 232Th, 235U, and 238U during ~30 

seconds laser ablation period. Data were processed offline using the Iolite software 

(Paton et al., 2010).  He and Ar carrier gases delivered the sample aerosol to the plasma. 

Each analysis consisted of a short blank analysis followed by 250 sweeps through 

masses 202, 204, 206, 207, 208, 232, 235, and 238, taking approximately 30 seconds in 

all. Unknowns were run in blocks of 10 analyses bracketed by standards. Time-

independent fractionation was corrected by normalizing U/Pb and Pb/Pb ratios of the 

unknowns to the zircon standards (Chang et al., 2006). U and Th concentrations were 

monitored by comparing to 91500 zircon standard. Plesovice (Sláma et al., 2008) and 

FC-1 (Paces and Miller, 1993), and Fish Canyon Tuff, with an age of 28.4 Ma (Schmitz 

and Bowring, 2001) were used as zircon standards. Common Pb corrections were using 

the 207Pb method (Williams 1998). U-Pb diagrams and ages were calculated using 

Isoplot (Ludwig, 2003). Interpreted ages are based on 206Pb/238U for <1200 Ma grains 

and on 206Pb/207Pb for >1200 Ma grains. U–Pb zircon maximum deposition age errors 
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are reported using the quadratic sum of the analytical error plus the total systematic 

error for the set of analyses (Valencia et al. 2005). The interpretations for detrital 

zircons are based on the definition of representative populations, which are represented 

by three or more overlapping zircon ages (Gehrels et al., 2006). The maximum 

depositional age was calculated using the TuffZirc algorithm (Ludwig, 2003) from the 

youngest cluster (>6) of overlapping ages. Zircons from these samples are clear and 

colorless and display a variety of morphologies but are mainly long euhedral crystals 

dominated by prominent bi-pyramidal terminations. Minor proportions of subhedral to 

subrounded zircon crystals are present. Cathodoluminescence images revealed a simple 

growth history (oscillatory to sector zoning) (Fig. DR1). 

 

3.2.2 Results 

We collected three samples from the Mininco Formation, two from the northern 

part of the study area (ITAT1 and RMIN1) and one from the central-southern part 

(TRAN1). Sample ITAT1 is a pumice conglomerate that overlies Carboniferous-

Permian granites and crops out in the limit between the Central Depression and the 

Coastal Cordillera at ~36°30’S. Sample RMIN1 is a tuff interbedded in a succession of 

sandstone and siltstone that crops out in the type area of the Mininco Formation in the 

Central Depression near Collipulli (~38°S). The contact of this unit with the granitic 

basement was observed near the sample locality. Sample ITAT1 yielded a maximum 

depositional age of 5.3+0.3-0.6 Ma and other peaks at 16, 82, 108 Ma. Sample RMIN1 

yielded an age of 4.5+0.1-0.4 Ma and other zircon groups of 13-15, 302 Ma. Sample 

TRAN1 is a lithic tuff exposed in the limit between the Central Depression and the 

Coastal Cordillera at ~40°10’S. This sample yielded an age of 5 + 0.5 Ma and older 

peaks of 14, 29, 112-118, and 300-330 Ma.  
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We analyzed 6 samples from the Rodados Multicolores Formation, four from the 

northern part of the study area in the Central Depression (SITAT1, SITAT2, SLAJA1, 

and COLL1) and two from the central-southern part (CPEL1, and UNI1) in the Coastal 

Cordillera and Central Depression respectively. Sample SITAT1 is a sandstone 

collected from a succession of conglomerates, sandstones, and tuffs that crops out in the 

Itata River banks, and SITAT2 is a tuff from the same section (37°S). Sample SLAJA1 

is a tuff from a succession of sandstones, siltstones, conglomerates, and tuffs that crop 

out in the banks of the Laja River (37°12'S). Sample COLL1 is sandy siltstone 

interbedded in a conglomerate succession that overlies the Mininico Formation from a 

roadcut at Collipulli (38°S). Sample SITAT1 yielded a maximum age of 14.1+0.2-0.5 

Ma and zircon groups of 14-17, 84, 109, 179 Ma. Sample SITAT2 yielded an age of 

2.1+0.1 Ma and peaks of 16, 86, 109, 169, 185 Ma. Sample SLAJA1 yielded an age of 

2.7+0.7 Ma and zircon groups of 12-17, 102, 294 Ma. Sample COLL1 yielded a 

maximum age of 11.9+0.6-0.3 Ma and peaks of 91(2), 315, and several zircon groups 

between 1044 and 1720 Ma. Regarding samples from the central-southern part of the 

study area, CPEL1 is a sandstone collected from a small outcrop of conglomerates and 

minor sandstones overlying the metamorphic basement in the eastern flank of the 

Coastal Cordillera at 40°12’S and an elevation of 624 m a.s.l. Sample UNI1 is also a 

sandstone from a mostly conglomeratic succession, presumably overlying Oligo-

Miocene strata. This sample is located in a roadcut of the Central Depression 25 km to 

the SE of CPEL1, and at an elevation of 33 m a.s.l. Sample CEPL1 yielded a maximum 

age of 8.3+0.3-0.03 Ma and other peaks of 8-16, 30, 129, and 298-315 Ma. Sample 

UNI1 shows similar dates with a maximum age of 8.8+0.2 Ma and other zircon groups 

of 31, 127, 297, and 470 Ma.  
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 We analyzed one sample of conglomeratic sandstone from the Nochaco Formation 

(sample NOCH1). The succession is mostly conglomeratic, overlies the metamorphic 

basement, and crops out in the Loncoche ridge at ~39°45’S and ~400 m a.s.l. Sample 

NOCH1 yielded a maximum age of 7.5+0.2-0.4 Ma, although it contains two zircon 

grains of 3.4 Ma that suggest a younger age. Other zircon groups have ages of 8-16, 

133, 162, and 304 Ma.  

 Finally, we analyzed two samples from the Cañete Formation, one in the Arauco 

Peninsula (219M1), and the second near Tirúa (STIR1). Sample 219M1 is marine 

sandstone from a roadcut north of Lebu (37°30'S) that yielded a maximum age of 

8.6+0.3-0.4 Ma and other peaks of 17, 110, 152, and 303 Ma. Sample STIR1 is sandy 

siltstone interbedded in a fluvial conglomeratic succession that crops out in a roadcut 

south of Tirúa (38°25’S). This sample yielded a maximum age of 11.2+0.2-0.6 Ma and 

zircon groups of 16-19, 49, 112-124, 285-315.  

  

Table 1. Summary of calculated U-Pb zircon ages and other age groups. CC, Coastal Cordillera. CD, 

Central Depression. LR, Loncoche Ridge. E, eastern. W, western. P, Peninsula. 

 

Sample Formation Lithology Location Maximum Age 

of Deposition 

(Ma) 

 

Other age peaks 

(Ma) 

ITAT 1 Mininco Pumice 

conglomerate 

ECD 

36°30’S 

5.3+0.3-0.6 16, 82, 108 

RMIN 1 Mininco Tuff CD, 38°S 4.5+0.1-0.4 13-15, 302 

TRAN 1 Mininco Tuff ECD 

40°10’S 

5 + 0.5 14, 29, 112-118, 300-

330 

SITAT 1 Rodados Sandstone CD, 37°S 14.1+0.2-0.5 14-17, 84, 109, 179 
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Multicolores 

SITAT 2 Rodados 

Multicolores 

Tuff CD, 37°S 2.1+0.1 16, 86, 109, 169, 185 

SLAJA 1 Rodados 

Multicolores 

Tuff CD, 

37°12’S 

2.7+0.7 12-17, 102, 294 

COLL 1 Rodados 

Multicolores 

Sandy siltstone CD, 38°S 11.9+0.6-0.3 91(2), 315, several 

groups between 1044 

and 1720 

CPEL 1 Rodados 

Multicolores 

Sandstone ECC 

40°12’S 

8.3+0.3-0.03 8-16, 30, 129, 298-

315 

UNI 1 Rodados 

Multicolores 

Sandstone WCD 

40°19’S 

8.8+0.2 31, 127, 297, 470 

NOCH 1 Nochaco Conglomeratic 

Sandstone 

LR, CD 

~39°45’S 

7.5+0.2-0.4 3.4 (2), 8-16, 133, 

162, 304 

219M 1 Cañete Sandstone Arauco P. 

37°30’S 

11.2+0.2-0.6 16-19, 49, 112-124, 

285-315 

STIR 1 Cañete Sandy siltstone WCC 

38°25’S 

8.6+0.3-0.4 17, 110, 152, 303 

 

 

3.3. Geomorphologic, stratigraphic, and structural characteristics of 

the Coastal Cordillera and Central Depression 

3.3.1. Coastal Cordillera. 

Rehak et al. (2008), based on geomorphologic analysis, noted that the Coastal 

Cordillera of south-central Chile presents two uplifted areas with an asymmetrical 

dome-like morphology separated by a low-elevation area (see chapter 2.1.1). The 

geological configuration of the Coastal Cordillera also reflects this segmentation. Upper 
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Paleozoic-Lower Mesozoic metamorphic and plutonic rocks typically occur in the axial, 

highest parts of the Nahuelbuta and Bueno segments (Figs. 2, 3, 5, 12, and 13).  

Cenozoic strata are usually restricted to the flanks of these asymmetrical dome-like  

 
 

Figure 12. Schematic structural profile in the northern part of the Bueno segment (see figure 5 for 

location) showing the interpretation of the main structures at depth based on field, seismic and borehole 

data (see Elgueta et al., 2000). The location of U/Pb zircon samples CPEL1, TRAN1, and UNI1 are 

shown. Note the occurrence of an uplifted outcrop of the Rodados Multicolores Formation (CPEL1) in 

the eastern part of the Coastal Cordillera. 

 

 

 
Figure 13. Schematic structural profile in the southern part of the Bueno segment (see figure 5 for 

location) showing the interpretation of the main structures at depth based on field, seismic and borehole 

data. The eastern part of the profile transects the Camarones and Hueyusca faults as well as the Tegualda 

1 (TG-1) ENAP well and the seismic line CD-010 (see figure 16). 

 

 

structures. Upper Oligocene-Lower Miocene continental and marine strata typically 

reach elevations up to 400 m a.s.l whereas Plio-Pleistocene continental deposits 

commonly crop out at lower heights of only 100 m a.s.l. However, Oligo-Miocene 

continental and marine rocks locally occur in axial parts of the Bueno segment, such as 

near Bahía Mansa (40°30’S) and Llico Bajo (~41°S), where they reach altitudes up to 

~500 m a.s.l. (Fig. 5). Noteworthy, we also found several outcrops of the Plio-

Pleistocene Rodados Multicolores Formation overlying basement metamorphic rocks in 

the northern part of the Bueno segment at different altitudes up to 624 m a.s.l. (sample 
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CPEL1. Figs. 5, and 12). Approximately 25 km to the SE, an outcrop of this formation 

reaches only 33 m a.s.l. (sample UNI1). Overall, the geological configuration of the 

Nahuelbuta and Bueno segments suggest that they are large, double plunging anticlines 

where older rocks crop out principally in the axial parts, and younger Cenozoic strata 

occur typically in the flanks.   

The Toltén segment shows a less orderly geological distribution (Figs. 2, and 4). 

Paleozoic-Triassic metamorphic rocks typically occur in the highest hills of this area, 

whereas Oligocene-Lower Miocene and Pliocene-Pleistocene deposits are usually 

restricted to lower areas. Plio-Pleistocene deposits commonly occur at maximum 

heights of ~100 m a.s.l. in this area and crop out across the entire forearc. 

Remnants of a low-relief surface characterize the most elevated areas of the 

Nahuelbuta and Bueno segments (Figs. 1, 3, 5, 12, 13, 14 a,b,c,d, and 15). This surface 

is carved mainly on Paleozoic-Triassic metamorphic and plutonic rocks and Upper 

Oligocene-Lower Miocene continental strata at 41°S, near Llico Bajo (Fig. 5). The 

origin of this surface is uncertain. Its maximum age is determined by the cited Upper 

Oligocene-Lower Miocene continental rocks (the youngest rocks cut by the surface), 

although Kaizuka et al. (1973) tentatively proposed a Plio-Pleistocene age for the low-

relief surface in the highest part of the Nahuelbuta Mountains. 

The eastern flank of the Coastal Cordillera has different characteristics depending 

on the area. It typically shows a smooth topographic transition with the Central 

Depression (Figs. 3, 4, and 5). In some areas, the contact between these 

morphostructural units is rather irregular, with flat entrants of the Central Depression 

filled with Plio-Pleistocene deposits that end abruptly against the hills of the Coastal 

Cordillera. In this regard, a particularly interesting area is the Purén basin, an  
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Figure 14. a) Drone photograph of the Cañete, Esperanza, Nochas, and Nahuelbuta surfaces. View to the 

east from the central part of the Arauco Peninsula. b) Nahuelbuta upper surface (indicated by arrow). 

View to the west from the road between Collipulli and Angol. c) Low-relief surface (indicated by arrow) 

in the upper part of the Coastal Cordillera west of the Camarones Fault. d) Same surface (?) at lower 

altitude in the Pacific coast of Bahía San Pedro. The surface is tilted to the west. View to the north. e) 

Oblique Google Earth photo of the Loncoche Ridge area. View to the east. Note that the conglomerates of 

the Nochacho Formation (Nch) typically cover planar elevated surfaces (one of them indicated by arrow) 

that abut against higher hills made of Paleozoic-Triassic metamorphic rocks (Pz-Tr). The location of 

zircon sample NOCH1 is indicated. f) Detail of the cited planar elevated surfaces (indicated by arrow) 

and higher hills in the background of the picture. Loncoche ridge area. See localities in figures 3, 4, and 5. 

 

intermontane depression in the Nahuelbuta segment with a triangular shape and is 

limited by two NW and SW lineaments interpreted by Melnick et al. (2009) as reverse  
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Figure 15. Local slope map of the Bueno segment computed from SRTM v4.1 digital elevation model 

(Jarvis et al., 2008). Note the marked scarp (sc) of the Camarones Fault (CF) and the triangular facets at 

its toe (see figure 5 to see the complete fault trace). Also, note the low slope of the elevated surfaces (one 

of them marked as ―su‖) that are deeply incised by local rivers. HF, Hueyusca Fault. CC, Coastal 

Cordillera. CD, Central Depression. 

 

faults (Fig. 3). The inferred faults juxtapose metamorphic and plutonic basement rocks 

with Tertiary and Plio-Pleistocene deposits that crop out in the depressed area. Other 

areas show instead abrupt, straight limits between the Coastal Cordillera and the Central 

Depression. One of these sharp limits corresponds to a reverse fault known as the 

Camarones Fault (Mc Donough et al., 1997. Figs. 5, 13, and 15). The fault is located in 

the eastern limit of the Bueno segment at ~41°S, has a NE-SW orientation, overthrusts 

Paleozoic-Triassic metamorphic rocks over Oligo-Miocene strata, and shows well-

developed triangular facets (Fig. 15). The fault contact is covered. West of the fault, 

Paleozoic-Triassic metamorphic rocks crop out across the Coastal Cordillera, reaching 
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maximum altitudes of ~800 m a.s.l. Remnants of well-developed planar surfaces 

characterize these elevated areas (Figs. 5, 13, 14c, and 15). East of the fault, a 

succession of vertical strata includes, from west to east, Upper Oligocene-Lower  

 

 
 

Figure 16. Multichannel 2D seismic line CD-O10 of ENAP in the western Central Depression, near the 

limit with the Coastal Cordillera (see figure 5 for location). Cenozoic strata and the metamorphic 

basement are deformed by an east-vergent thrust known as the Hueyusca fault. Note another reverse fault 

to the east that is part of the same structural system. TG-1: Tegualda 1 ENAP well. 

 

Miocene volcanic, continental, and marine rocks (Figs. 5, and 13). Cenozoic strata reach 

maximum heights of ~100 m a.s.l. in this area. 

The CD-010 seismic line of ENAP (The Chilean National Petroleum Company) is 

located ~10 km east of the Camarones Fault and shows another reverse fault (the 

Hueyusca Fault; Mc Donough et al., 1997) parallel to the latter (Fig. 16). The fault has a 

high-angle plane with an eastward vergence and a lystric geometry. In the hanging wall, 

the  Cenozoic succession is deformed into a long wavelength, fault-propagation fold. 

The Hueyusca fault and smaller reverse faults to the east (Fig. 16) are likely part of the 

same structural system as the Camarones Fault to the west. The Tegualda1 ENAP well 

was drilled in this area and transected 91 m of Plio-Quaternary deposits and 2553 m of 

marine and continental Oligo-Miocene strata (Céspedes and Johnson, 1984. Figs. 5, 13, 

and 16). The contact between the metamorphic basement and Cenozoic rocks is located 

at 2312 m below sea level. The patchy occurrence of Oligo-Miocene rocks in some 
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areas of the Bueno segment indicates that these strata likely covered the metamorphic 

basement west of the Camarones Fault and were eroded after the uplift of that area. If 

this notion is correct, a minimum vertical throw of 3112 m for this fault can be inferred. 

 

3.3.2. Central Depression 

The Central Depression is a low-relief area located between the Coastal and the 

Andean Cordilleras. Basement rocks consist principally of Upper Paleozoic-Permian 

granitoids and Upper Paleozoic-Triassic metamorphic rocks (Sernageomin, 1998). 

Oligocene-Lower Miocene volcanic, continental, and marine rocks overlie the basement 

and reach a thickness of up to ~2500 m (Muñoz et al., 2000; Elgueta et al., 2000; 

Encinas et al., 2018). These rocks show evidence of syn-extensional deformation and 

subsequent tectonic inversion, as indicated by seismic lines (Elgueta et al., 2000; Jordan 

et al., 2001). 

Plio-Pleistocene horizontal continental deposits of the Mininco and Rodados 

Multicolores formations are the most extensive rocks in the Central Depression. 

Younger (late Pleistocene) glacial deposits accumulated in the southern part of the study 

area (Mercer, 1976; Porter, 1981). Plio-Pleistocene deposits fill an irregular paleo-relief 

carved on Oligo-Miocene and older rocks as indicated by information obtained from 

seismic lines, wells, and outcrops (e.g., García, 1968; Elgueta et al., 2000). For that 

cause, they have highly variable thicknesses that increase to the east, reaching ~2250 m 

in the Puerto Montt well (Figs. 5, and 17). 

The Central Depression of south-central Chile typically has a flat relief with 

altitudes around 100-200 m a.s.l. However, there are also hilly areas composed of 

Paleozoic-Triassic and Oligocene-Miocene rocks that reach elevations up to ~800 m 

a.s.l. (Figs. 3, 4, and 5). Near Los Ángeles city (37°30’S), several small isolated hills of 
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the cited rocks are surrounded by Plio-Pleistocene deposits (Fig. 3). However, the most 

significant high-relief area is known as Loncoche Ridge. This range has a ~NE-SW 

trend and transects the Central Depression joining the Coastal and Andean Cordilleras 

at ~39°-40°S reaching altitudes up to ~800 m a.s.l. (Figs. 1, and 4). Paleozoic-Triassic  

 
 

Figure 17. Schematic structural profile across the Central Depression and the western flank of the 

Andean Cordillera (see figure 5 for location) showing the interpretation of the main structures at depth 

based on field, seismic, and borehole data. Note the major west-vergent reverse fault in the limit between 

both morphostructural units as well as the significant increase in the thickness of Plio-Pleistocene 

deposits towards the fault. ENAP wells are Río Blanco 1 (RB-1), Los Muermos 1 and 2 (M-1, M-2), and 

Puerto Montt 1 (PM-1). Wells stratigraphy is from Céspedes and Johnson (1984). 

 

metamorphic rocks are the most extensive in this area and reach the maximum heights 

(Duhart et al., 2003; Quiróz et al., 2007). Upper Oligocene-Lower Miocene continental 

and marine rocks crop out at lower elevations. Plio-Pleistocene conglomerates of the 

Nochaco Formation occur in several parts of the Loncoche ridge at different heights up 

to 500 m a.s.l. where they cover elevated planar surfaces that abut against higher hills 

made of Paleozoic-Triassic metamorphic rocks (Figs. 4, 14e, and f). 

 

4. Discussion 

4.1. Cenozoic tectono-sedimentary evolution of the forearc 

Zircon and apatite fission-track data obtained by Glodny et al. (2008) in the present 

Coastal Cordillera of south-central Chile (36°-42°S) indicate very slow exhumation in 

this area since ~200 Ma (see chapter 2.1.1). The sedimentary record indicates 
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subsequent intervals of uplift and subsidence, but these events did not lead to 

exhumation detectable by the apatite fission-track method (Glodny et al., 2008). 

Sedimentary and igneous activity was scarce in the forearc during the Mesozoic and the 

early Cenozoic until the Oligocene-early Miocene. In this period, an important event of 

extensional tectonics during the Oligocene-early Miocene resulted in the genesis of a 

series of basins that extended from the present Chilean coast to the retroarc in Argentina 

between ~33° and 46° S (Muñoz et al., 2000; Jordan et al., 2001. Fig. 18a). This episode 

has been related to plate reorganization in the Southeast Pacific that resulted in a shift 

from slower, more oblique South America-Farallón convergence to more rapid, near-

normal South America-Nazca convergence at ca. 28–26 Ma (Muñoz et al., 2000; Jordan 

et al., 2001). Muñoz et al. (2000) proposed that the change in subduction geometry and 

the increased trench-normal convergence rate induced a transient period of vigorous 

asthenospheric-wedge circulation that triggered slab rollback of the subducting Nazca 

plate, which resulted in regional extension and widespread volcanism. Progressive 

extension and crustal thinning led to local, continental sedimentation followed by 

important marine flooding that reached its maximum geographic extension at ~20 Ma 

(Encinas et al., 2018). The Pacific transgression covered most of the forearc in the study 

area and deposited up to 1500 m of deep-marine sediments. It also reached the present 

Andean Cordillera between 41° and 47°S. Simultaneously, an Atlantic transgression 

covered most of the foreland in southern Argentina. Paleontologic data suggest a 

transient connection between the Pacific and Atlantic oceans at 43°-44°S (Encinas et al., 

2018). 

An important phase of compressive tectonics that started at ~19 Ma caused the 

emersion, uplift, and deformation of the Upper Oligocene–Lower Miocene marine strata 

and older rocks. This phase caused the growth of the Andean Cordillera, and the 
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beginning of foreland sedimentation in south-central Chile and Argentina. (Orts et al., 

2012; Rojas Vera et al. 2015; Giambiagi et al., 2016; Horton and Fuentes 2016; Encinas 

et al., 2018). Field and seismic information from the forearc area show evidence of 

tectonic inversion and mild compressional deformation of the Oligocene-Lower  

 
 

Figure 18. Schematic block diagrams showing the main phases of the inferred tectono-sedimentary 

evolution of the forearc of south-central Chile during the late Cenozoic. Large, black arrows show the 

vertical movements (uplift or subsidence). a) 28-20 Ma. Extensional tectonics led to regional subsidence 

and sedimentation of volcanic, continental and marine deposits in the forearc and the Andean Cordillera. 

b) 19-5 Ma. Compressive tectonics caused the deformation and uplift of the Upper Oligocene–Lower 

Miocene strata and older rocks. Most of the forearc became a mountainous area. Sintectonic 

sedimentation took place in the coastal area. c) 5-2 Ma. Generation of the West Andean Thrust (WAT) 

caused significant uplift of the western flank of the Andes, triggering flexural subsidence and the 

accumulation of coarse-grained deposits in the forearc. ih: isolated hills surrounded by Plio-Pleistocene 

deposits. d) 2-0 Ma. The increase of sediment flux to the trench caused the growth of the accretionary 

wedge and the uplift of the Coastal Cordillera (Nahuelbuta and Bueno segments). CC: Coastal Cordillera. 

CD: Central Depression. WAC: Western Andean Cordillera. su: low-relief uplifted surface. mt: marine 

terrace. The northern (upper) part of the diagram represents a low-relief area (e.g., the Toltén segment) 

that was subjected to limited uplift in the last 2 Ma. 
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Miocene strata (Elgueta et al., 2000; Jordan et al., 2001; Melnick and Echtler, 2006; 

Mella et al., 2012). Most of the forearc became a positive, mountainous area during the 

late Early-Late Miocene. Syntectonic marine sedimentation took place only in the 

coastal area and the offshore during this period (Álvarez et al., 2006. Fig. 18b). 

After a ~15 Myr. hiatus, sedimentation reassumed in the present Central Depression 

with deposition of the Mininco Formation. This unit is early Pliocene, as indicated by 

our U-Pb dates from tuffs or pumice-rich conglomerates (some of them near the basal 

contact of this unit with basement rocks) that yielded ~ 5 Ma ages (Table 1, Fig. 10). 

These dates likely indicate (or approximate) depositional ages since the sampled beds 

originated from explosive volcanism contemporaneous with sedimentation. 

Subsequently, coarse-grained fluvial and lahar deposits of the Rodados Multicolores 

Formation accumulated during the Plio-Pleistocene. Although U-Pb detrital zircons 

yielded maximum ages between 8.3 and 14 Ma, two tuffs from this unit likely indicate 

depositional ages of 2.7 and 2 Ma (Table 1, Fig. 10, and 11). The Nochaco Formation 

yielded a maximum U-Pb age of 7.5 Ma, but the presence of two zircon grains of 3.4 

Ma and stratigraphic correlation indicates the likely equivalence of this unit and the 

Rodados Multicolores Formation. Fluvial sedimentation in the Central Depression 

finished at ~2 Ma according to our U-Pb ages (Table 1, Fig. 10, and 11), although 

younger glacial deposits accumulated in the southern part of the study area (Mercer, 

1976; Porter, 1981). Correlative units in the coastal area are the lower Pliocene marine 

strata of the Tubul Formation in the Arauco Peninsula, well-dated with planktonic 

foraminifera (Rojas, 2000), and the Plio-Pleistocene marine and continental strata of the 

Cañete Formation (Kaizuka et al., 1973. Fig. 18c). The latter unit also yielded U-Pb 

maximum ages of 8.6 and 11.2 Ma, but it overlies the lower Pliocene Tubul Formation, 
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and it is cut by a marine terrace (the Cañete surface) of ~120 ka, which constraints its 

age to the Plio-Pleistocene. 

Several data indicate that the uplift of the Coastal Cordillera occurred very recently. 

A well preserved planar surface in the highest parts of the Coastal Cordillera suggests a 

recent uplift because the rainy climate of this region is not conducive to its preservation 

(Figs. 3, 5, 12, 13, and 14a,b,c,d). Unfortunately, the age of this surface has not been 

properly constraint, as discussed before. Some authors proposed that the Coastal 

Cordillera and the Central Depression formed before (e.g., Gana and Wall, 1997) or 

during the Late Oligocene-Early Miocene (Muñoz et al., 2000), but the occurrence of 

continental and marine strata of that age at heights up to ~500 m a.s.l. (Fig. 5; see 

section 5.1) indicates that the uplift of the Coastal Cordillera postdates their deposition. 

Based on inverse modeling of apatite fission-track length data, Glodny et al. (2008) 

detected a Plio-Pleistocene exhumation interval in the Nahuelbuta segment. However, 

Plio-Pleistocene forearc deposits are the most important markers to constraint the uplift 

of this range. Outcrops of the Rodados Multicolores Formation occur in the eastern 

flank of the Bueno segment at heights up to ~620 m a.s.l. (sample CPEL1; 40°S) 

whereas equivalent deposits (sample UNI1) crop out in the Central Depression, 25 km 

to the SE, at only 33 m a.s.l. (Figs. 5, and 12). Correlative deposits of the Plio-

Pleistocene Cañete Formation in the coastal area are also uplifted since they were 

deposited near sea-level and, at present, reach heights up to ~200 m a.s.l. (Fig. 3).  

Provenance analysis also accounts for the recent uplift of the Coastal Cordillera. 

We collected zircon samples from the Mininco, Rodados Multicolores, Nochaco, and 

Cañete formations (see chapter 3.2). These samples yielded zircon groups with 

Pleistocene, Pliocene, Miocene, Oligocene, Eocene, Cretaceous, Jurassic, Permian, 

Carboniferous, Ordovician, and Proterozoic ages (Table 1). Whereas the Coastal 
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Cordillera is primarily composed of Triassic-Paleozoic metamorphic and plutonic rocks, 

it is evident that the source areas for these units must have been located in the Andean 

Cordillera (Niemeyer and Muñoz, 1983; Suárez and Emparán, 1997; Campos et al., 

1998). The only exception is Permian, Paleozoic, or older zircons that could have 

derived from basement rocks of the Coastal Cordillera or the Central Depression. This 

notion is in agreement with the abundance of clasts of volcanic composition in the 

Mininco, Rodados Multicolores, and Cañete formations conglomerates. Interestingly, 

rivers in the Arauco Peninsula-Tirúa area drain exclusively from the Nahuelbuta 

mountains (Rehak et al., 2008), mostly composed of metamorphic and plutonic 

basement rocks and lack volcanic rocks (Figs. 1, and 3). However, the Cañete 

Formation contains volcanic clasts and detrital zircons derived from the Andean 

Cordillera, and it is locally overlain by recent fluvial conglomerates composed of 

metamorphic and plutonic clasts (Fig. 7l, and 9). This indicates that during Plio-

Pleistocene times rivers born in the Andean Cordillera transected the entire forearc and 

deposited the equivalent Rodados Multicolores and Cañete formations. In the last 2 Ma, 

the uplift of the Nahuelbuta segment caused the disconnection between the Central 

Depression and the coastal area, the reorganization of the drainage network, and 

deposition by locally sourced rivers (Fig. 18d). A similar situation occurred in the 

Bueno segment, as indicated by the occurrence of an outcrop of the Cañete Formation 

near Caleta Huellelhue. Rehak et al. (2008) had previously noted a similar change in the 

provenance of the Pellahuén-Tirúa Rivers, which were split and disconnected from the 

Andes by Coastal Cordillera uplift. Our data indicate that the reorganization of the 

drainage network not only affected these rivers but the entire Nahuelbuta and Bueno 

segments. The occurrence of low-relief entrants, filled with Plio-Pleistocene 

conglomerates of the Rodados Multicolores Formation, in the limit between the Coastal 
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Cordillera and the Central Depression also evidence the reorganization of the drainage 

network by tectonic uplift. It is unlikely that the paleo-rivers that deposited these 

Andean-derived conglomerates had ended in ―blind‖ valleys (Fig. 3). This is 

particularly notorious in the Purén basin, where reverse faults uplifted the high-relief 

areas bordering this depressed area, where Oligo-Miocene and Plio-Pleistocene deposits 

have been preserved from erosion (Fig. 3). Finally, the occurrence of uplifted and folded 

marine terraces in the Arauco-Nahuelbuta area, the Cañete, Esperanza, and Nochas 

surfaces (Fig. 3, and 14a), reaching maximum elevations of 232, 360, and 471 m a.s.l. 

and ages of ca. 130-116, 220-200, 340-320 ka respectively (Kaizuka et al., 1973; 

Melnick et al., 2009), also account for the recent uplift of this area. 

The cited data indicate that the uplift of the Coastal Cordillera occurred after the 

deposition of the Rodados Multicolores and the correlative Cañete Formation (i.e., after 

~2 Ma. Fig. 18d). The most robust evidence comes from the presence of an outcrop of 

the Rodados Multicolores Formation at ~620 m a.s.l. in the Bueno segment (sample 

CPEL1. Figs. 5, and 12). The occurrence of another outcrop of the same unit at only 33 

m a.s.l. (sample UNI1) indicates an uplift of ~600 m. Thus, an uplift rate of ~0.3 mm/yr. 

for this area is estimated. This is a minimum estimation because the Rodados 

Multicolores Formation could have also covered more elevated parts of the Bueno 

segment, but this unit was extensively eroded after the uplift of the Coastal Cordillera. 

Another uplift estimation of 3112 m comes from the Camarones fault (see section 5.1) 

(Figs. 5, 13, 15, and 16), indicating a higher uplift rate of 1.6 mm/yr. Melnick et al. 

(2009) measured the elevation of 96 shoreline angles from the Cañete, Esperanza, and 

Nochas surfaces in the Nahuelbuta segment and calculated similar uplift rates between 

1.8 and 0.36 mm/a. 
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4.2. Implications on the evolution of the West Andean Thrust 

We have noted the existing debate in the kinematics, style of deformation, and 

tectonic drivers of the Andes of central Chile and Argentina (see chapter 2.1.2). Most 

studies propose that shortening in the Andean Cordillera is associated with an eastward 

propagation of deformation into the foreland (e.g., Mpodozis and Ramos, 1989; 

Charrier et al., 2007; Farías et al., 2010; Giambiagi et al., 2014). Conversely, Armijo et 

al. (2010) proposed that Andean deformation progressively shifted westward during the 

last ~25-22 Ma. We believe that our studies on the tectono-sedimentary evolution of the 

forearc of south-central Chile can help to resolve this dispute. As indicated before, an 

important phase of extensional tectonics caused the deposition of volcanic and 

sedimentary rocks during the Oligocene-Early Miocene (e.g., Muñoz et al., 2000; 

Jordan et al., 2001; Encinas et al., 2018. Fig. 18a). Notably, this event was not limited to 

the forearc since coeval volcanic and marine rocks extend between the Pacific and 

Atlantic coasts in some areas (Jordan et al., 2001; Encinas et al., 2018 and references 

therein). The occurrence of Upper Oligocene-Lower Miocene marine rocks in the 

Andean Cordillera of south-central Chile and Argentina indicates that uplift of this 

range had necessarily to start after the marine transgression (Encinas et al., 2018). 

Accordingly, several studies indicate that synorogenic deposition in the foreland started 

at ~19 Ma (Orts et al., 2012; Rojas-Vera et al., 2015; Giambiagi et al., 2016; Horton and 

Fuentes 2016; Encinas et al., 2018). Oligocene-Lower Miocene strata in the forearc also 

show evidence of tectonic inversion and compressional deformation that took place 

within the late Early-Late Miocene interval as discussed before (Elgueta et al., 2000; 

Jordan et al., 2001; Álvarez et al., 2006; Melnick and Echtler, 2006; Mella et al., 2012. 

Fig. 18b). Most of the forearc became a positive, mountainous area as indicated by 

seismic, borehole, and gravimetric data that show an irregular paleorelief carved on 
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Oligo-Miocene and older rocks (e.g., García, 1968; Rubio, 1990; Elgueta et al., 2000; 

Yáñez et al., 2015; González et al., 2018). The difference in elevation between the 

lowest and the highest parts of this paleorelief is approximately 1000 m (see González 

et al., 2018). Sedimentation resumed in the forearc during the lower Pliocene (Fig. 18c). 

These data indicate that the forearc did not act as a western foreland basin during the 

last 25 Ma as proposed by Armijo et al. (2010). Instead, it was subjected to extension 

during the Lower Oligocene-Early Miocene and compressive deformation and uplift 

during the late Early-Late Miocene. Sedimentation in this area took place again in the 

last 5 Ma. 

The cause of the last sedimentary cycle in the forearc deserves further 

consideration. After a hiatus of ~15 Ma (except in the coastal area. Fig. 6), 

sedimentation resumed ~5 Ma ago with deposition of the continental Mininco 

Formation in the present Central Depression and the marine Tubul Formation in the 

Arauco Peninsula. It followed the deposition of the coarse-grained fluvial and lahar 

deposits of the Rodados Multicolores Formation in the present Central Depression and 

the coeval marine and fluvial deposits of the Cañete Formation in the coastal area. 

Stiefel (1968) noted that the Rodados Multicolores Formation was erroneously 

interpreted as glacial deposits by Brüggen (1950), who confused lahar deposits with 

tillites. Similarly, Hauser (1986) noted that Porter (1981) misinterpreted outcrops of the 

Rodados Multicolores Formation between 41° and 42°S as glacial deposits based on 

their intense weathering. 

The deposition of the cited correlative Plio-Pleistocene units was continuous across 

the entire forearc and predated the uplift of the Coastal Cordillera, as discussed above. 

Equivalent deposits in Central Chile (34°S) also extend between the western flank of the 

Andean Cordillera and the coastal area (Brüggen, 1950; Cuadra, 1986; Encinas et al., 
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2006). The coarsening-upward trend of the cited Plio-Pleistocene deposits and the large 

size of the Rodados Multicolores conglomerates suggest progressive uplift and erosion 

of the western flank of the Andean Cordillera as previously proposed by Hauser (1986) 

and Maksaev et al. (2009). We do not discard the influence of climate, but the fact that 

the area located between 33° and 42°S presents huge differences in mean temperature 

and precipitation, and it was subjected to a similar tectono-sedimentary evolution during 

the Plio-Pleistocene indicates that tectonics had to be the primary cause. Accordingly, 

thermocronological data indicate major uplift and exhumation of the western Andean 

Cordillera of central and south-central Chile during the Late Miocene-Pliocene 

(Thomson, 2002; Adriasola et al., 2006; Glodny et al., 2008; Spikings et al., 2008; 

Maksaev et al., 2009; Thomson et al., 2010) (see chapter 2.1.2). These authors studied 

different segments of the Andes and attributed exhumation during this period to diverse 

causes, including the subduction of the Juan Fernández Ridge (Spikings et al., 2008; 

Maksaev et al., 2009), transpression associated with the activity of the LOFZ 

(Thomson, 2002; Adriasola et al., 2006), or glacial erosion in Patagonia. Although we 

do not discard the local influence of the aforementioned factors, neither of them 

accounts for Late Miocene-Pliocene exhumation in the entire Andes between 33° and 

42°S. Farías et al. (2008a) also demonstrated the recent uplift of the western slope of the 

Andean Cordillera in central Chile after their determination of significant river incision 

in the last 5 Ma with the help of well-dated igneous rock markers. The occurrence of 

Upper Miocene and Pliocene plutonic rocks in the southern part of our study area at 

42°S (Duhart, 2008) also accounts for the late Miocene-Pliocene uplift of the western 

Andes. The occurrence of uplifted outcrops of Plio-Pleistocene deposits in the western 

flank of the Andes of central and south-central Chile (Ferraris, 1981; Cuadra, 1986; 
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Armijo et al., 2010) evidence the progressive advance of the mountain front towards the 

west. 

Plio-Pleistocene deposits in the forearc have highly variable thicknesses that reach 

more than 2000 m. Thus, the accommodation space cannot have been created by a 

global sea-level rise and the consequent fluvial sedimentation to maintain river 

equilibrium profile since maximum eustatic sea-level changes during the last 5 Ma are 

just on the order of 100 meters (Haq et al., 1987). In addition, González et al. (2018) 

noted that the lowest part of the paleorelief carved in Oligo-Miocene or older rocks in 

central Chile is located at elevations of 200 m below the present sea level, which 

indicates that the Central Depression has been subjected to subsidence. Information 

from ENAP wells in the Central Depression between ~41° and 42°S show that the 

thickness of Plio-Pleistocene deposits increases considerably to the east and reaches 

~2250 m near the limit with the Andean Cordillera (Fig. 17). In addition, the grain size 

of these deposits grows progressively from the coastal area to the Andean Cordillera 

(see section 3.5). The cited sedimentologic characteristics of  Plio-Pleistocene deposits, 

the occurrence of a major thrust in the limit between the Central Depression and the 

Andes, and geological evidence indicating important uplift of the western flank of this 

range during the late Miocene-Pliocene, strongly suggest that the accommodation space 

for Plio-Pleistocene deposition was principally generated by flexural subsidence. 

We consider that the cited pieces of evidence solve the dispute on the kinematics of 

the Andes during the Neogene and help to understand the geologic evolution of the 

western flank of this chain during that period. Several studies show that the Andes of 

central and south-central Chile grew principally eastward since ~20 Ma (e.g., Jordan et 

al., 1983; Mpodozis and Ramos, 1989; Astini and Davila, 2010; Giambiagi et al., 2014). 

The Central Depression, which has been classically considered to act as a forearc basin 
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during the entire Neogene (e.g., Jordan et al., 1983; Horton, 2018), was, in turn, 

deformed and uplifted during the Middle-Late Miocene, a notion that should be taken 

into account to understand the kinematics, polarity, and evolution of the Andean 

Cordillera of south-central Chile. A major west vergent back-thrust formed in the limit 

between the Andes and the forearc, causing a vertical throw >2000 m. Uplift of the 

western flank of the Andean Cordillera caused flexural subsidence in the forearc that 

acted as a foreland basin, but only during the last 5 Ma and not throughout the entire 

Neogene as proposed by Armijo et al. (2010). 

 

4.3. Coastal Cordillera uplift mechanisms. 

The previous analysis indicates three fundamental processes in the 

morphostructural configuration of the forearc of south-central Chile during the 

Cenozoic. 1) Inversion of the Upper Oligocene-Lower Miocene extensional basins and 

development of an uplifted area in the forearc during the late Early-Late Miocene. 2) 

Generation of an important back-thrust in the limit between the Andes and the forearc, 

major uplift of the western Andean Cordillera, flexural subsidence in the forearc, and 

accumulation of Plio-Pleistocene deposits. 3) Uplift of some areas of the Coastal 

Cordillera (the Nahuelbuta and Bueno segments) in the last 2 Ma (Fig. 18). 

Other authors have proposed different explanations. One of the most popular is that 

of Brüggen (1950), who postulated that the entire margin (i.e., the forearc and the 

Andean Cordillera) was uplifted during the Tertiary and that extensional tectonics 

caused the subsequent downwarping of the Central Depression, which formed a large 

graben between the Coastal and Andean Cordilleras, during the Pleistocene (Fig. 19a, 

and b). Muñoz et al. (2000) also proposed that the Central Depression was formed by 

extensional tectonics, but they considered that this event started in the Late Oligocene-
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Early Miocene. However, geologic evidence discussed above indicates the recent (<2 

Ma) uplift of the Coastal Cordillera and the occurrence of reverse faults in the western  

 
 

Figure 19. Most popular models for the genesis of the Coastal Cordillera and the Central Depression. 

Brüggen (1950) model: A) Uplift of the entire margin during the Tertiary, and B) downwarping of the 

Central Depression by extensional tectonics during the Pleistocene. Farías et al. (2006; 2008a) model: C) 

Uplift of the entire margin during the Late Miocene, and D) formation of the Central Depression by 

differential fluvial erosion. Armijo et al. (2010) model: E) Orogenic loading caused by the trenchward 

growth of the Andes since ~25 Ma generated a foreland basin, the Central Depression, and a fore-bulge, 

the Coastal Cordillera. 

 

and eastern limits of the Central Depression (Mc Donough et al., 1997; Sernageomin, 

1998; Melnick et al., 2009; Encinas et al., 2013; Sepúlveda et al., 2019). Farías et al. 

(2006; 2008a) also proposed the uplift of the entire margin during the Late Miocene, but 

they considered instead that the Central Depression formed by differential fluvial 

erosion that was more intense in this area than in the Coastal and Andean cordilleras 

(Fig. 19c, and d). They also proposed that sedimentation of Plio-Pleistocene fluvial 

deposits was caused by the uplift of the western Coastal Cordillera, which partially 

blocked the river drainage inducing sedimentation in the Central Depression. Our data 

indicate instead that the uplift of the Coastal Cordillera postdates the accumulation of 

Plio-Pleistocene deposits that originally extended between the Andes and the coastal 
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area. In addition, the occurrence of reverse faults in the western and eastern limits of the 

Central Depression indicates tectonic processes in the origin of this morphostructural 

unit. Armijo et al. (2010) proposed that orogenic loading caused by the trenchward 

(westward) growth of the Andes since ~25-22 Ma generated a foreland basin, the 

Central Depression, and a fore-bulge, the Coastal Cordillera (Fig. 19e). As discussed 

before, we believe that the forearc was subjected to flexural subsidence only during the 

Plio-Pleistocene and that the uplift of the Coastal Cordillera occurred in the last ~2 Ma. 

Giambiagi et al. (2014) proposed that the widening of the crustal root caused by Andean 

shortening triggered passive surface uplift in the Coastal Cordillera by isostatic 

rebound. Uplift occurred first in the eastern part of this range at 18 Ma and then in its 

western flank at the beginning of the Pliocene (Giambiagi et al., 2014). Our studies also 

contradict this model. Finally, Melnick et al. (2009) proposed that the uplift of the 

Nahuelbuta segment started in the early Pliocene, being simultaneous with the 

deposition of the Tubul Formation. However, we have shown that the Coastal Cordillera 

uplift started after the deposition of this unit and the overlying Cañete Formation. 

Chen et al. (2017) carried out dynamic analogue models of time-evolving 

subduction in threedimensional space. Their experiments show the generation of an area 

of forearc dynamic subsidence on the overriding plate and a local topographic high 

between this area and the trench. Chen et al. (2017) observed that the horizontal position 

of the maximum depression corresponds with that of the deepest contact point between 

the subducting and overriding plates at the subduction zone interface. They analyzed the 

forces acting on the forearc lithosphere and compared their model results with previous 

investigations of overriding plate topography using geodynamic models (e.g., Hassani et 

al., 1997; Guillaume et al., 2010; Yang et al., 2016). Chen et al. (2017) proposed that 

there are three potential candidates to explain forearc subsidence: the shear force at the 
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subduction zone interface, the viscous drag force induced by the vertical movement of 

the mantle flow in the mantle wedge region, and the trench suction force, which is 

normal to the subduction zone interface. They concluded that trench suction is the most 

important force, whereas shear and drag forces play only a minor role in driving forearc 

subsidence. However, Chen et al. (2017) noted that trench suction force is only relevant 

when slab rollback causes the progressive increase of the slab dip angle. In contrast, 

when the slab maintains a relatively constant angle with time, topographic subsidence is 

nearly the same along the subduction zone interface.  Chen et al. (2017) model could 

account for the tectonic origin of the Central Depression of south-central Chile. 

However, Muñoz et al. (2000) proposed that slab rollback caused the transient 

steepening of the subducting Nazca plate during the late Oligocene-early Miocene and 

that the slab angle decreased again to its present position during the middle-late 

Miocene. Our studies show that the Coastal Cordillera and Central Depression formed 

during the Plio-Quaternary. Since there is no evidence to indicate any change in the slab 

angle nor other significant modifications in subduction geodynamics during that period, 

we consider that trench suction is an unlikely explanation to account for Central 

Depression subsidence. 

As noted before, most authors have interpreted Coastal ranges as forearc highs 

related to accretionary processes (e.g., Brandon et al., 1998; Clift and Vannucchi, 2004). 

Lohrmann et al. (2006), Rehak et al. (2008), and Melnick et al. (2009) attribute this 

origin to the Coastal Cordillera in south-central Chile. In accretionary margins, trench 

sediment accumulates by frontal accretion and underplating, forming a wedge-shaped 

body that grows with time (Cloos and Shreve, 1988; Von Huene and School, 1991; 

Brandon et al., 1998; Clift and Vannucchi, 2004; Maksymowicz, 2015). The backstop is 

the boundary between the accreted sediments and the more rigid continental basement 
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that works as an indenter (Cloos and Shreve, 1988). In theory, underplating causes 

uplift without additional shortening (Cloos and Shreve, 1988). However, the Coastal 

Cordillera of south-central Chile shows evidence of compressive deformation that 

affects basement rocks, leading to a crustal-scale buckling. Brandon (2004) observed 

similar characteristics in the Cascadia margin and proposed a model to explain the 

evolution of Coast Ranges that accounts for the deformation of basement rocks. In this 

model, deformation is driven by the motion of a subducting pro-plate and an overriding 

retro-plate. These plates correspond to the relatively strong lithospheric mantle and are 

rigid, whereas the overlying crust deforms to accommodate subduction. This leads to 

the formation of a double-side ―subduction wedge‖ (Brandon, 2004). This is composed 

of an ―accretionary complex‖, formed by accreted sediments, and a ―structural lid‖ 

formed by rocks of the overriding plate. As the accretionary complex grows, the 

structural lid is deformed and driven to the rear of the wedge, creating a large backfold 

and a west-dipping retro-shear zone. The model of Brandon (2004) has been proposed 

for the origin of the Coastal Cordillera in north-central Chile (~31°S) by Comte et al. 

(2019) and can also be applied to the Nahuelbuta and Bueno segments in south-central 

Chile (Fig. 18d). In these areas, a relatively narrow accretionary prism composed of 

deformed sediment abuts the continental basement. To the east, the cited segments have 

an asymmetrical dome-like morphology that constitutes the forearc high (i.e., the 

Coastal Cordillera) of the subduction wedge and is composed principally of upper 

Paleozoic-Triassic metamorphic and plutonic rocks. These rocks form the structural lid 

of the subduction wedge. The Camarones reverse fault marks the eastern limit of the 

subduction wedge and forms the west-dipping retro-shear zone of Brandon (2004) 

model. 
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A fundamental question is why the Coastal Cordillera of south-central Chile was 

uplifted in the last 2 Ma and not before. Seismic data indicate that the margin of south-

central Chile is characterized by a ~2 km thick trench fill and a relatively narrow 

accretionary prism (5-40 km wide) that abuts the truncated continental basement (Bangs 

and Cande, 1997; Contreras‐Reyes et al., 2008; 2010). These authors signaled that the 

relatively small size of this wedge is not consistent with a long history of accretion and 

calculated that it formed in the last ~1-2 million years. This implies previous episodes 

of nonaccretion or tectonic erosion (Bangs and Cande, 1997; Contreras-Reyes et al., 

2010). The change from subduction erosion to accretion in convergent margins is 

principally related to exceeding a critical trench-fill thickness of ~1 km, which 

surpasses the transport capacity of subduction channels and lead to their obduction (e.g., 

von Huene and Scholl 1991; Clift and Vannucchi 2004; Kukowski and Oncken, 2006). 

Thus, nonaccretion or subduction erosion in the margin of south-central Chile could 

have occurred when the trench fill was insufficient to completely cover the relief of the 

subducting crust (Bangs and Cande, 1997). The margin probably changed to 

accretionary by an increase in sediment flux to the trench in the last ~2 Ma (Bangs and 

Cande, 1997. Fig. 18d).  

Melnick and Echtler (2006) proposed that the increase of trench sedimentation was 

caused by the combination of glacial denudation and Andean uplift. Although we do not 

discard that climate has played a role in the increase of trench sedimentation during the 

Plio-Pleistocene, we consider that this is not the principal cause because Coastal 

Cordillera uplift appears to have been coeval in a large region with significant climatic 

differences. Glaciation seems to have been relevant only in the southern part of the 

study area (Mercer, 1976; Porter, 1981; Rabassa, 2008). In addition, glacial periods are 

characterized by a drop in global sea-level, and sedimentation of Plio-Pleistocene 
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deposits of the Cañete Formation and equivalent units in the coastal area started with 

the accumulation of transgressive marine sediments. Regarding Andean uplift, this has 

taken place during the last ~20 Ma (e.g., Astini and Dávila, 2010; Orts et al., 2012; 

Giambiagi et al., 2016) and yet the uplift of the Coastal Cordillera is constrained to the 

last 2 Ma. In our opinion, the fundamental change that caused a significant increase in 

sediment flux to the trench was the generation of the West Andean Thrust (sensu 

Armijo et al., 2010. Fig. 18c, and d). This major west vergent fault formed probably in 

the late Miocene-early Pliocene, as discussed before, and caused the progressive uplift 

of the western flank of the Andes, causing important topographic differences with the 

forearc. Progressive uplift significantly enhanced erosion rates in the western Andes and 

caused deposition of coarse-grained deposits across the entire forearc. Much of the 

eroded sediment was likely transported seaward, moved downslope, and accumulated 

progressively in the trench until the critical fill thickness of ~1 km was completed. The 

high amount of sediment exceeded the transport capacity of the subduction channel and 

caused the change from non-accretion or subduction erosion to accretion. Progressive 

growth of the accretionary complex caused deformation of the structural lid that was 

folded and uplifted, giving birth to a forearc high, the Coastal Cordillera (Fig. 18d).  

 

4.4. Latitudinal changes 

The forearc of south-central Chile presents significant morphotectonic differences 

(see sections 2.1.1 and 3.3). The Coastal Cordillera has two high-relief areas, the 

Nahuelbuta and Bueno segments, characterized by their recent (<2 Ma) uplift, 

asymmetrical dome-like morphology, and highly dynamic fluvial systems (Rehak et al., 

2008. Figs. 1, 3, and 5). Conversely, the low-relief Toltén segment lacks significant 

topographic contrasts, active river incisions, or recent drainage modifications suggesting 
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geomorphic stability (Rehak et al., 2008. Figs. 1, and 4). Another low-elevation area, a 

marine strait between continental Chile and the Chiloé Island (the Canal de Chacao), is 

located south of the Bueno segment (Fig. 5). The Central Depression generally has a flat 

morphology, but it also presents some elevated areas. Morphotectonic segmentation is 

not exclusive of our study area but also characterizes other parts of the Chilean forearc 

(e.g., Brüggen, 1950; Farías et al., 2008a,b). 

Plio-Pleistocene deposits are a key marker to determine differential uplift in the 

forearc. The lower member of the Cañete Formation consists of marine deposits that are 

transitionally covered by fluvial deposits of the upper member (Fig. 7g, and 9). The 

cited members are both correlatives with continental deposits of the Rodados 

Multicolores Formation (Fig. 6). The deposition of these units was caused by paleo-

fluvial systems born in the Andean Cordillera that traversed distances of only 100-150 

km and flowed into the Pacific (Fig. 18c). According to the thalweg elevation of current 

rivers traversing the forearc, Plio-Pleistocene rivers height must have varied roughly 

between 0 m a.s.l. in the river mouth and ~100 m a.s.l. in the limit of the forearc with 

the Andean Cordillera. Thus, Plio-Pleistocene deposits provide a relatively good 

constraint to calculate differences in tectonic uplift. 

The two high-relief areas in the Coastal Cordillera were uplifted in the last 2 Ma, as 

indicated by the occurrence of outcrops of the Rodados Multicolores Formation at 

heights up to ~620 m a.s.l. in the Bueno segment, and by the disconnection between the 

Cañete and Rodados Multicolores formations after the raising of the Nahuelbuta and 

Bueno segments (see sections 5.1, and 6.1). The uplift of the Loncoche ridge took place 

in the same period, as indicated by the presence of Plio-Pleistocene deposits at heights 

up to ~500 m a.s.l. In contrast, the relief of the low-elevation segments in the Coastal 

Cordillera and most of the Central Depression was principally achieved by the 
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combination of the late Early-Late Miocene compressional stage and the subsequent 

deposition of Plio-Pleistocene sediments. These areas were subjected to minor uplift in 

the last 2 Ma since Plio-Pleistocene deposits occur at maximum heights of ~200 m. 

What is the cause of morphotectonic segmentation in the forearc? This question has 

not an easy answer. Factors controlling the tectonic segmentation in the forearc are 

related to different causes, including the characteristics of the incoming Nazca plate 

(age, discontinuities, subduction velocity, or slab dip); the nature and amount of trench 

sediment; and fore-arc rheology among other factors (Hackney et al., 2006; Moreno et 

al., 2018; references therein). 

Melnick et al. (2009) discussed localized underplating of subducted trench 

sediment as a possible cause to explain the anomalous uplift of the Arauco-Nahuelbuta 

region. They discarded this mechanism because they argued that there is not a clear 

correlation between the location of large submarine fans and areas with higher coastal 

uplift. However, Thornburg et al., (1990) noted that part of the sediment deposited 

between the southern part of the study area (~41°S) and the Juan Fernández Ridge 

(~33°S) is redistributed within the trench, from south to north, following the axial 

gravitational gradient and being dammed by the cited aseismic ridge. Thus, higher 

amounts of sediment locally deposited in the trench by large submarine fans probably 

do not imply a significant difference in the quantity of material accreted in those areas. 

Melnick et al. (2009) proposed that the anomalous uplift of the Nahuelbuta segment 

could be related to the strike-slip Liquiñe Ofqui Fault Zone (LOFZ). They suggested 

that this could be caused by the northward translation of the fore-arc sliver along this 

fault system and its collision against a buttress. According to these authors, deformation 

in this area is related to contractional and transpressional structures that strike oblique to 

the margin. However, clear structural evidence indicating the proposed northward 
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collision against a buttress is lacking. According to regional geological maps, the cited 

faults do not appear to displace Cenozoic strata (Sernageomin, 2003). We consider that 

a clear relation between the uplift of the Nahuelbuta segment and the LOFZ is not 

evident. In addition, this cause does not explain the uplift of the Bueno segment.  

Brandon et al. (1998) and Brandon (2004) noted that the Olympic Mountains in the 

Coastal Range of the Cascadia margin have been subjected to more significant uplift 

and deeper exhumation than other segments of this margin. They proposed that this is 

related to the shallower dip of the subducting slab in this area. Slab depth controls the 

amount of material that can be accreted (Brandon et al., 1998). Because the wedge 

beneath the Olympics is smaller than elsewhere along the margin, less time was needed 

for the forearc high to become emergent (Brandon et al., 1998; Brandon, 2004). 

Although some authors have reported small lateral variations of the slab dip in the 

Nahuelbuta and Tolten segments (e.g., Hackney et al., 2006; Tašárová et al. 2007), 

seismological studies show that the subducting slab across south-central Chile (35°-

43°S) has a similar angle of ~30-33° near the down-dip limit of the seismogenic zone 

(≤45 km depth) (Lange et al., 2007; and references therein). 

Several authors have discussed the role of subducting oceanic fracture zones in 

forearc segmentation (e.g., Rehak et al., 2008; Moreno et al., 2014; Basset and Watts, 

2015). In our study area, there are three subducting fracture zones (FZ), the Mocha, 

Valdivia, and Chiloé FZ (Figs. 1, and 20). Some authors have proposed that the Mocha 

Fracture Zone caused the anomalous rapid emergence of the Nahuelbuta segment during 

the Quaternary (e.g., Lohrmann et al., 2006). However, this fracture zone is currently 

subducting in the northern limit of the Nahuelbuta mountains and cannot explain the 

uplift of this range (Fig. 20). In addition, the Mocha FZ subducts obliquely to the 

convergence vector and the trench axis, migrating southward at 3.1 cm/a (Contreras-
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Reyes et al., 2008), which makes its impact time-transgressive (Rehak et al., 2008). 

Conversely, there is an excellent correlation between the subduction of oceanic fracture 

zones and low-elevation segments of the Coastal Cordillera, as depicted in figure 20. In 

particular, the Chiloe FZ coincides with a marine strait between continental Chile and 

Chiloé Island. To the south, the Guafo FZ also coincides with another marine strait 

between Chiloé and the Guaitecas islands (Fig. 20). Oceanic fracture zones are sinks for 

H2O due to the low temperature (<200°C) hydrothermal seawater alteration of the 

oceanic crust and the uppermost part of the oceanic mantle (Moreno et al., 2014). 

Tomographic surveys show decreasing seismic velocities along the length of the 

subduction-zone interface in south-central Chile, corroborating the hydration associated 

with oceanic fractures (Contreras-Reyes et al., 2008; Dzierma et al., 2012; Moreno et 

al., 2014). Dehydration of fractures during subduction causes enhanced fluid transport 

into the system (Moreno et al., 2014). Fluid affects the effective basal friction 

coefficient of the accretionary wedge, reducing its internal deformation, which inhibits 

forearc uplift in these areas (Maksymowicz, 2015). Based on geodetic and 

seismological data, Moreno et al. (2014) noted that elevated pore-fluid pressure zones 

characteristic of oceanic fractures correlate spatially with parts of the plate interface that 

are poorly locked and slip aseismically. In contrast, lower pore-fluid pressure zones 

correlate with locked parts where unstable slip and earthquakes occur, such as the 

Arauco-Nahuelbuta area (Moreno et al., 2011; 2014). Whereas weak locking areas 

coincide with low-elevation forearc segments in south-central Chile, there is a good 

correlation between subduction of oceanic fracture zones, earthquake dynamics, and 

long-term forearc deformation as noted by Moreno et al. (2011).  

The Central Depression also shows topographic variations. Isolated hills of Oligo-

Miocene and older rocks correspond to the highest peaks of a middle-late Miocene 
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paleo-relief that were not covered by the subsequent deposition of Plio-Pleistocene 

fluvial sediments (Fig. 3). However, the most important and puzzling morphostructural  

 

 

 
 

 

Figure 20. Digital elevation model analysis of the Coastal Cordillera and the Nazca plate. Above: Swath 

profiles projections perpendicular to the trace of main fracture zones of the maximum elevation (black 

curve), maximum relief (red curve), and mean elevation (blue curve) profiles. Below: a) map of the 

computed relief within a 2.5 km radius; b) topographic map of the Coastal Cordillera; c) Nazca Plate 

bathymetry. d) Vp/Vs ratios near the Mocha FZ along the top of the oceanic plate, 2010 Maule 

earthquake 8.8 Mw rupture zone (blue contours), seismicity (black dots) and a conceptual view taken 

from Moreno et al. (2014); e) Vp/Vs ratios near the Valdivia FZ system at 30 km depth and a conceptual 

view taken from Dzierma et al. (2012). FZ: Fractures zones. 

 

feature is the Loncoche ridge, a ~NE-SW trending mountainous area that transects the 

Central Depression and presents altitudes up to ~800 m a.s.l. (see section 5.2. Figs. 1, 

and 4). This ridge is mostly composed of Paleozoic-Triassic metamorphic rocks and 
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secondarily by Oligo-Miocene sedimentary rocks (Duhart et al., 2003; Quiróz et al., 

2007).  Thomson et al. (2010) obtained a (U-Th)/He age of 8.82 + 0.53 Ma that could 

indicate late Miocene exhumation of this ridge, but a single age is statistically 

unreliable. There are several small outcrops of Plio-Pleistocene conglomeratic fluvial 

deposits of the Nochaco Formation that reach maximum elevations of ~500 m a.s.l. 

(present river thalwegs in this area reach only ~50-80 m a.s.l.). The conglomerates 

typically mantle elevated planar surfaces that abut against higher hills made of 

metamorphic rocks (Fig. 14 e, and f). This indicates that Plio-Pleistocene fluvial 

deposits were originally deposited in the lower parts of a paleo-relief carved on 

Paleozoic and Oligo-Miocene rocks and that the Loncoche ridge area was uplifted 

afterward. 

The genesis of the Loncoche ridge is uncertain. Farías et al. (2008a, b) proposed 

that junction ridges between the Coastal and the Andean cordilleras are the relicts of a 

previously uplifted area that resisted erosion because they are composed of 

comparatively harder lithologies. However, we have shown that the uplift of the 

Loncoche ridge occurred in the last 2 Ma after the deformation and erosion of Paleozoic 

and Oligo-Miocene rocks during the middle-late Miocene and the subsequent 

accumulation of fluvial deposits during the Plio-Pleistocene.  Lavenu and Cembrano 

(1999) interpreted that the Loncoche ridge is delimited by faults with a NE-SW trend. 

Conversely, Quiroz et al. (2007) proposed that these limit faults are oriented NW-SE 

based on the interpretation of satellite images and aerial photographs. On the basis of 

seismic studies, Dzierma et al. (2012) related displacement of crustal velocity anomalies 

to major faults with a NW direction splitting from the N-S strike-slip LOFZ at around 

39°S, where the Valdivia FZ intersects the LOFZ. The lateral movement of the LOFZ 

causes transpression and the uplift of the Loncoche ridge (Dzierma et al., 2012). 
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However, neither of the inferred faults proposed by these authors is evident, and none of 

them have been mapped in the geological maps of this area (Duhart et al., 2003; Quiroz 

et al., 2007). The Loncoche ridge is located in the low-elevation Toltén segment (Fig. 

4). Plio-Pleistocene deposits near the coast reach maximum elevations of only ~100 

m.a.s.l. indicating that, at these latitudes, the Coastal Cordillera was subjected to lower 

uplift than the Central Depression. Perhaps the subduction of the Valdivia FZ promotes 

underplating of subducted sediment in the Central Depression instead of the Coastal 

area. However, the Central Depression is not uplifted in the intersection of the Chilean 

margin with other oceanic fractures. New studies are therefore needed to explain the 

origin of this enigmatic morphostructural feature. 

 

5. Conclusions  

Our studies indicate the following stages on the tectono-sedimentary evolution of 

the forearc of south-central Chile (36°30’-42°S) during the late Cenozoic. 

1) A regional event of extensional tectonics during the Oligocene-early Miocene 

resulted in the genesis of a series of basins that extended from the present Chilean coast 

to the retroarc in Argentina. After a period characterized by widespread volcanism, 

progressive extension and crustal thinning led to a widespread marine transgression that 

covered most of the forearc and part of the present Andean Cordillera around ~20 Ma. 

2) An important phase of compressive tectonics that started at ~19 caused the 

deformation of the Upper Oligocene–Lower Miocene strata and older rocks, the growth 

of the Andean Cordillera, and the beginning of foreland sedimentation.  Most of the 

forearc became a positive, mountainous area during the late Early-Late Miocene. 

Sintectonic sedimentation took place in the coastal area during this period. 
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3) Generation of a major reverse west verging fault in the limit between the Central 

Depression and the Andean Cordillera caused significant uplift of the western flank of 

the Andes, triggering flexural subsidence and the accumulation of coarse-grained 

marine and continental deposits in the forearc during the Plio-Pleistocene. These 

deposits filled the paleorelief generated during the previous stage. 

4) The sudden increase of sediment flux to the trench caused the change from non-

accretion or subduction erosion to accretion in the margin of south-central Chile. 

Progressive growth of the accretionary wedge gave birth to a forearc high, the Coastal 

Cordillera, which was uplifted in the last 2 Ma. 

The cited sequence of events indicates that the forearc of south-central Chile had a 

complex development related to Andean evolution in a first stage followed by 

accretionary processes acting exclusively in the forearc in a second stage. The forearc 

had a similar tectonic evolution to the Andean Cordillera during the Oligo-Miocene, 

including the development of extensional basins during the Oligocene-Early Miocene 

followed by compressional deformation during the late Early-Late Miocene. Afterward, 

the forearc acted as a foreland basin during the Plio-Pleistocene. The cited evolution 

implies that the Andean Cordillera did not grow trenchward instead of cratonward 

during the last 20-25 Ma as proposed by some authors. Uplift of the Coastal Cordillera 

occurred in the last 2 Ma, a process much younger than classically considered. The 

origin of this range is unrelated to the tectonic evolution of the Andean Cordillera, but 

the uplift of the western flank of this range was a fundamental process because it caused 

a significant increase of trench sedimentation, triggering accretion. The Central 

Depression is not a typical forearc basin formed by the growth of an accretionary wedge 

because this area was deformed and uplifted during the late Early-Late Miocene, it acted 
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as a foreland basin during the Plio-Pleistocene, and margin accretion postdates forearc 

sedimentation. 

Some segments of the forearc did not experience coastal uplift in the last 2 Ma. 

Their geomorphic and geological features were attained during the late Early-Late 

Miocene phase of compressional deformation, uplift, and erosion, and the subsequent 

Plio-Pleistocene deposition covering part of the Miocene paleorelief. These low-

elevation areas coincide with the subduction of oceanic fracture zones because their 

dehydration causes the enhanced transport of fluid into the system reducing deformation 

of the accretionary wedge and inhibiting forearc uplift. 

Because the Chilean margin extends along more than 4000 km and presents a 

marked geologic and climatic segmentation, future work should resolve whether the 

proposed tectono-sedimentary development for the forearc of south-central Chile was 

similar in other areas of this margin or if they followed a different evolution instead. 

Our studies show that the genesis of the Coastal Cordillera and Central Depression 

of south-central Chile is complex and related to different geologic factors. The 

evolution of these morphostructural units during the late Cenozoic has been strongly 

influenced by the tectonic development of the Andean Cordillera. Whereas the genesis 

of Coast Ranges in other convergent margins has been typically related to accretionary 

processes, our work can be of help to explore the relationship between the evolution of 

these forearc highs and tectonic processes in the arc area. 

 

The following are the supplementary data related to this article. 

Table DR1 Laser ablation inductively coupled plasma mass spectrometry zircon 

U-Pb analytical data 

Supplementary material 
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Graphical abstract 

Highlights 

 The origin of the Coastal Cordillera and the Central Depression of south-central 

Chile involves different processes related to Andean evolution in the first stage, 

followed by accretionary processes.  

 The forearc had a similar tectonic evolution than the Andean Cordillera during the 

Oligo-Miocene (extension followed by basin inversion). 

 The forearc acted as a foreland basin during the Plio-Pleistocene.  

 The sudden increase of sediment flux to the trench caused the change from non-

accretion or subduction erosion to accretion and the uplift of the Coastal Cordillera 

in the last 2 Ma. 

 Some areas of the Coastal Cordillera characterized by the subduction of oceanic 

fracture zones did not experience uplift. 
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