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ABSTRACT 

 The Late Cretaceous to Quaternary Magallanes-Austral basin (southern Patagonia) 

is a retroarc foreland basin that is well preserved along a >1,000 km outcrop belt throughout 

southern Chile and Argentina. The Chilean portion of the basin, making up the majority of 

the ancient foredeep, has been extensively studied and is considered a type locality for 

deep-water slope-channel systems. While the Chilean deep-water rocks are well studied, 

the up-dip shallow-water equivalents—which are the de facto sources for the foredeep—

are comparably understudied. Variations in nomenclature, age assignments, and 

stratigraphic correlations between the Chilean and Argentine sectors of the basin have 

made understanding the basin in a holistic sense difficult. Recent work has produced 

simplified frameworks of the shallow-water stratigraphy, making detailed 

sedimentological and stratigraphic work more feasible. The goal of this study is to provide 

a comprehensive understanding of the shallow-water facies, architecture, and provenance 

of the Upper Cretaceous rocks in the Argentine sector of the basin. In this contribution, we 

summarize the findings of an initial reconnaissance field season that focused on describing 

and understanding stratigraphy near the northern terminus of the basin. This research will 

provide us with a better understanding of how well up-dip sediment sources are, or are not, 

connected to deep-water sinks.  

 

INTRODUCTION 

 The Cretaceous to Quaternary Magallanes-Austral basin (southern Patagonia; Fig. 

1) is a well-exposed retroarc foreland basin that has provided ample opportunities to study 



tectonics (e.g., Wilson, 1991; Arbe, 2002; Fosdick et al., 2011), stratigraphic architecture 

(e.g., Arbe and Hechem, 1984; Wilson, 1991; Malkowski et al., 2015a; 2017; Sickmann et 

al., 2018), sedimentology (e.g., Wilson, 1991; Hubbard, 2008; Jobe et al., 2010; Schwartz 

and Graham, 2015; Malkowski et al., 2015; 2017), and sediment dispersal (e.g., Macellari 

et al., 1989; Fildani and Hessler, 2005; Romans et al., 2010; Schwartz et al., 2016; 

Malkowski et al., 2017; 2018). The tectonic evolution of the basin is divided into two 

phases: (1) Jurassic–Early Cretaceous back arc extension and (2) Late Mesozoic through 

Cenozoic retroarc foreland development associated with the deposition of deep-marine 

systems that shoaled into shallow marine and terrestrial environments over time (Biddle et 

al., 1986; Wilson, 1991). Jurassic to Neogene basin fill are exposed throughout an 

expansive outcrop belt in Argentina and Chile from latitudes ~55°S–48°S. The Cretaceous 

deep-water foreland rocks in the Magallanes (i.e., Chilean) sector have been studied 

extensively, however many uncertainties regarding the relationship to their coeval, 

shallow-water equivalents in the Austral (i.e., Argentine) sector remain unanswered. Until 

recently, connecting the shallow-water strata to the deep-water deposits was hindered by 

an ununified stratigraphic framework of the entire Magallanes-Austral foreland system. 

However, recent work by Sickmann et al. (2018; in review) offers a simplified stratigraphic 

model of the basin that allows for a more detailed study of how the shallow-water dispersal 

systems affected the fill history of the basin (Fig. 2). This technical report details a 

reconnaissance field season that: (1) surveyed and documented the distribution of shallow-

marine stratigraphy defining the northern part of the basin, (2) described shelf-slope 

stratigraphy previously unstudied in the far northern terminus of the basin, and (3) sampled 

over one hundred locations previously undated and/or undescribed in the literature.  

 

GEOLOGIC BACKGROUND 

The late Mesozoic through Cenozoic tectonic evolution of Patagonia is broadly 

defined by a two-phase basin history associated with extensional tectonics triggered by the 

breakup of Gondwana and a later period of compression. The Jurassic–Early Cretaceous 

Rocas Verdes basin developed as a back-arc rift basin due to the rifting of Gondwana (de 

Wit and Stern, 1981; Biddle et al., 1986; Wilson, 1991). Extension is recorded by Upper 

Jurassic felsic volcanics including the Tobífera Formation and El Quemado complex, and 
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the mafic-intermediate Sarimiento ophiolite complex (Pankhurst et al., 2000; Calderón et 

al., 2007). The Rocas Verdes basin is thought to have “unzipped” from south to north 

whereby extension was great enough in the south to emplace oceanic crust (cf. de Wit and 

Stern, 1981) while the northern part of the basin is floored by attenuated Paleozoic 

basement (i.e., Eastern Andean Metamorphic Complex) (Malkowski et al., 2015b). This 

produced north to south depositional gradient in which a wider, more-evolved ocean basin 

developed in the southern portion of the Rocas Verdes basin while a narrower basin 

emplaced onto continental to transitional crust developed in the north. Stratigraphically, 

the Rocas Verdes basin is dominated by the silicic to intermediate volcaniclastic El 

Quemado Complex and Tobífera Formation and mud-rich Rio Mayer and Zapata 

formations (Wilson et al., 1991; Fildani and Hessler, 2005). The basin transitioned from 

backarc-style extension to foreland-style compression during Albian time. Foreland basin 

development in Patagonia, known as the Magallanes-Austral foreland basin, is typically 

defined by rapid flexural deepening (Natland et al., 1974) the first appearance of deep-

marine coarse clastic deposition, which is recorded in the Upper Cretaceous Punta Barrosa 

and Cerro Toro formations (Wilson, 1991; Fildani et al., 2003; Fildani and Hessler, 2005; 

Crane and Lowe, 2008; Hubbard et al., 2008; Malkowski et al., 2015a). Southward 

prograding clinoforms and turbidite-channel facies of the Tres Pasos Formation developed 

in the southern portion of the basin (i.e., the Magallanes Sector; 50.2°S–52.5°S). Foreland 

stratigraphy in the northern portion of the basin (i.e., the Austral Sector; 48.5°S–50.2°S) 

include the Tres Pasos equivalent, deep-marine to slope-failure dominated Alta Vista 

Formation, which shoals into shallow marine and terrestrial deposits variably named La 

Anita, La Irene, Cerro Forteleza, Piedra Clavada, Calafate, Chorillo, Cahorro, and Pari 

Aike formations (Macellari et al., 1989; Arbe, 2002, Varela et al., 2012a, b). Sediment was 

primarily fed into the Magallanes-Austral basin in a north to south direction. However, the 

paleodispersal system was likely complicated by various transverse drainages that tapped 

local sediment sources as opposed to a simple north to south point-source model 

(Malkowski et al., 2017). A provenance dataset including rare earth element, sandstone 

petrography, and detrital zircon data compiled by Sickmann et al. (in review) suggests that 

the shallow-water, coeval stratigraphy did not directly supply sediment into coeval 

foredeep. Sickmann et al. (in review) attribute the variation in provenance to sector 
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paleodispersal partitioning. Malkowski et al. (2017) invoked an underlying structural 

control to reroute the sediment systems. Moreover, other workers have suggested a remnant 

transfer zone from initial Mesozoic rifting of the basin could explain noted east-west 

variations in north-south oriented structures (Likerman et al., 2013; Ghiglione et al., 2014). 

It is possible that this underlying structural feature may be responsible for partitioning the 

two dispersal systems, which produced the noted variance in provenance signatures.   

 

FIELD REPORT 

 In order to study the shallow-water stratigraphy and northern extent of the 

Magallanes-Austral basin, we surveyed three geographic regions north of Lago Argentina; 

as far north as ~48.3°N latitude (Fig. 2). These locations include, from south to north, the 

Rio Guanaco region (i.e., Zona Centro [cf. Sickmann et al., 2018]), Estancias Mata 

Amarilla and San Martín, and Lago Cardiel and the Rio Chica Valley regions (Fig. 2). 

Slope, shallow marine, and terrestrial facies were detailed by documenting outcrop 

exposures, measuring stratigraphic sections, and photo panning outcrop belts. Several 

detrital zircon and petrographic thin section samples were taken from each study area to 

detail the ages and provenance signatures. 

 The primary goal in the Rio Guanaco region was to detail the sedimentological 

character of the Cretaceous slope-shelf facies prominent throughout the area. Several 

laterally continuous and thick sections of the Campanian La Anita Formation provide an 

excellent opportunity to detail the sedimentology and stratigraphy of the shallow-marine 

deposits in the area (Figs. 3–4). Recent detrital zircon maximum depositional ages 

processed by Sickmann et al. (2018) suggest these rocks may be coeval with the deep-

marine, Campanian–Maastrichian Tres Pasos Formation and/or the shallow- to marginal-

marine, Campanian–Maastrichian Dorotea Formation. Thus, studying the shallow-water 

strata coeval with the Upper Cretaceous foredeep rocks in the Magallanes sector will allow 

us to understand the nature of the sediment routing systems of the basin during Campanian 

time. Three exposures were identified in this region within mesas adjacent to Rio Guanaco. 

Three stratigraphic sections were measured at the decimeter scale to detail these outcrops. 

One detrital zircon sample was taken from the first section (RG-1), while two detrital zircon 

samples, two mudstone palynology samples, and two thin sections samples were taken 
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from the second measured section (RG-2; Fig. 3, Fig. 4A). The third section (RG-3; Fig. 

4B) is exposed in a large mesa adjacent to Rio Guanaco and contains a complete section of 

the La Anita Formation that overlies the Alta Vista Formation and is capped by the Cerro 

Fortaleza Formation. This section was measured and sampled in detail in order to produce 

a type-locality description of the La Anita Formation. Forty-five thin sections were 

sampled throughout this section to study provenance shifts throughout the La Anita 

Formation. Four detrital zircon samples were also taken from this section.  

 The second study area was centered near the town of Tres Lagos (Fig. 2), and 

provided opportunities to study the stratigraphic framework of the foreland phase, shallow-

water stratigraphy in the region. Early workers on the Austral-Magallanes basin argued for 

a longitudinal stratigraphic framework whereby deep-marine strata made up the Austral 

sector during initial foreland development (e.g., Arbe and Hechem, 1984; Riccardi and 

Aguirre-Uretta, 1988). Deep-water stratigraphy in the Austral sector is thought to shoal 

upwards during the Late Cretaceous and grade laterally into shallow-marine equivalents in 

the northern portions of the basin (Riccardi and Rolleri, 1980; Macellari et al., 1989; Arbe, 

2002). However, Varela et al. (2012a, b) published a Cenomanian (96.2 ± 0.7 Ma; Fig. 2) 

U-Pb ash age from terrestrial deposits known as the Mata Amarilla Formation near Tres 

Lagos. These authors suggested that terrestrial foreland sedimentation initiated by 

Cenomanian time and abruptly transitioned into deep-marine facies of the Magallanes 

sector. Sickmann et al. (2018) challenged the validity of this tuff age based on Campanian-

aged detrital zircon maximum depositional ages from the same unit. In order to confirm 

the age of these outcrops, an ash sample and two detrital zircon samples were taken from 

the Mata Amarilla Formation in the same sample location as Varela et al. (2012a, b; Fig. 

3I). Further, the shallow-marine stratigraphy in this study area remains poorly constrained 

(cf. Sickmann et al., 2018). Cretaceous-aged rocks informally referred to as 

undifferentiated Pari Aike Formation in the Lago Tar, Cerro Cache Aike, and Lago San 

Martin regions may be age-equivalent to the shallow-marine stratigraphy from the Rio 

Guanaco region. Several outcrop exposures were documented (Fig. 5), including a >1 km 

thick section of coarse-grained, trough cross-bedded sandstone capped by terrestrial 

mudstone beds, and sampled for detrital zircon maximum depositional ages (Fig. 5A). 
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 Age and facies relationships for Late Cretaceous rocks in the northernmost terminus 

of the basin remain unclear. Reconnaissance of shallow-water Cretaceous stratigraphy of 

unknown Age within the Lago Cardiel and Rio Chico Valley regions (Fig. 5G) were 

surveyed for potential areas to study the up-dip equivalents of shallow-water stratigraphy 

described further south. An excellent outcrop belt that may contain a relatively continuous 

section from rift volcanics of the El Quemado Complex to shallow- to marginal-marine 

Late Cretaceous stratigraphy was surveyed. Four detrital zircon samples were taken from 

the location. Three detrital zircon samples were taken from cross-bedded sandstone 

deposits near Lago Cardiel that appeared similar to shallow-water strata from the Zona 

Centro region. 

 

ONGOING WORK 

 Continuing research is focused on preparing samples for U-Pb detrital zircon and 

petrographic thin section analyses. Regional shelf-to-basin comparisons of provenance 

data from the Cenomanian Lago Viedma and Punta Barrosa formations from Malkowski 

et al. (2017) illustrated that age-equivalent strata throughout the basin do not have a 

homogenized sediment dispersal system (Fig. 6). Instead, the shallow-water Lago Viedma 

Formation had a more restricted source area as opposed to its deep-water equivalents. 

Malkowski et al. (2017) used this provenance data to highlight the significance of local, 

transverse drainages producing along-strike provenance variations between coeval, 

genetically related rocks. Preliminary observations from the La Anita Formation suggests 

that a similar provenance variation exists between shallow and deep-water equivalents 

from Campanian strata.  Detailed petrographic work from measured sections within the La 

Anita Formation will be done in order to understand changes in provenance and 

sedimentological character of the Formation. This work will contribute to our 

understanding on how shelf sediments interact with the basin.  

Detrital zircon ages from strata of unknown age in the northernmost portions of the 

basin will provide information on both the maximum depositional ages of these units, and 

the provenance signatures. This information will further our understanding of the 

Magallanes-Austral basin by connecting northernmost terminus of the basin to the more 

well-established stratigraphic context in the central portions of the basin.  
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Figure 1: Location map of southern South America outlining general study region (boxed 

area) from Malkowski et al. (2017). Shaded regions highlight continuations of continental 

and transitional crust. FI (IM) — Falkland Islands (Islas Malvinas).  
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Figure 2 (above): Geologic map and stratigraphic framework of the Magallanes-Austral basin 

modified from Sickmann et al. (2018). (A) Geologic map of the Magallanes-Austral basin. Black, 

labeled boxes indicate study areas; white stars indicate general sample areas. (B) Stratigraphic 

columns divided by geographic region showing general depositional environment and 

nomenclature.   
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Figure 3: Stratigraphic section (RG-2) from the middle to upper portion of the Campanian La 
Anita Formation within the Rio Guanaco study area (Figure 2; Figure 4).   
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Figure 4 (above): Photographs from Upper Cretaceous stratigraphy from the Rio Guanaco 

region and Estancia Mata Amarilla. (A) Measured section RG-2 from the Rio Guanaco 

region of the La Anita Formation (Fig. 2). (B) Measured section RG-3 of the La Anita 

Formation. Note the sudden facies change from the black, mud-rich Alta Vista Formation 

and the buff, sand-rich La Anita Formation. (C) Gray, fine-grained, pervasively bioturbated 

sandstone interval characteristic of the lower and middle portions of the La Anita 

Formation. (D) Fugichnia ichnofacies present within the middle to upper portions of the 

La Anita Formation, perhaps indicating high amounts of sedimentation occurring within 

these middle to upper sandy intervals. (E) Gravel-rich, coarse-grained, trough cross-

stratified sandstone characteristic of the upper sandstone intervals of the La Anita 

Formation. (F) Interbedded mudstone and fine-grained, commonly planar-laminated to 

cross-laminated sandstone unit characteristic of the contact between the Alta Vista and La 

Anita formations. Note person for scale. (G) Outcrop photo of interbedded mudstone and 

cross-laminated, fine to very-fine grained sandstone characteristic of the lower La Anita 

Formation. (H) Planar laminated, fine-grained sandstone outcrop interbedded between gray 

mudstone characteristic of the lower La Anita Formation. (I) Terrestrial mudstone deposits 

at Estancia Mata Amarilla from the Mata Amarilla Formation sampled for ash ages in the 

same location as Varela et al. (2012a, b). Note person for scale highlighted by white oval.   

14



 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M
iocene(?)

Cretaceous(?)

A.

B.C.D
.

E.F.

G
.

H
.

15



Figure 5 (above): Photographs of Cretaceous shallow-water stratigraphy from the Estancia 

San Martín and Rio Chico Valley study locations. (A) Panoramic photograph of shallow- 

to marginal-marine Cretaceous stratigraphy adjacent to Cerro Cache Aike that is potentially 

unconformable with younger (Miocene(?)), terrestrial stratigraphy. The buff sandstone 

package capping the top of the Cretaceous stratigraphy is approximately 3 m thick. (B) 

Buff sandstone unit capping the top of the Cretaceous stratigraphy from Figure 5A. Note 

the hammer for scale. Unit is gravel-rich, coarse-grained sandstone with abundant quartz 

pebbles and silicic volcanics. The unit is predominantly trough cross-stratified. (C) 

Quartzite and/or silicic volcanic pebbles within the sandstone units making up the section 

in Figure 5A. (D) Cross-stratified sandstone unit from lower portion of the section in Figure 

4A. (E) Petrified wood fragments within a sandstone bed from the middle portion of the 

section in Figure 5A. (F) Ophiomorpha ichnofacies from shallow-marine stratigraphy from 

a sandstone unit from the San Martín study area. (G) Thick unit of shallow- to marginal-

marine sandstone from Rio Chico Valley location. Bushes in foreground are ~2 m in height. 

(F) Fern leaves from section shown in Figure 5G.  
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Figure 6: (left) Petrographic point-count data of the Cenomanian Lago Viedma and Punta 

Barrosa formations from Malkowski et al. (2017). Note how the formations plot in different 

provenance fields. (right) Schematic, plan view diagram of the Magallanes-Austral basin 

from Sickmann et al (in review). (A) Diagram of the basin illustrating the existence of a 

transfer zone, which may act as a divider for sediment between the northern and southern 

portions of the basin. (B) Proposed schematic sediment pathways between the northern and 

southern portions of the basin. Note apparent partitioning of pathways between the two 

zones.  
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