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Abstract The origin, extent, and timing of intraplate contraction in Patagonia are among the least
understood geological processes of southern South America. Particularly, the intraplate Deseado
fold-thrust belt (FTB), located in the Patagonian broken foreland (47°–48°300S), is one of the most enigmatic
areas. In this belt, time constraints on tectonic events are limited and synorogenic deposits have not been
documented so far. Furthermore, the driving mechanism for intraplate contraction remains unknown. In
this study, we carried out a structural and sedimentological analysis. We report the first syntectonic deposits
in this area in the Baqueró (Aptian) and Chubut (Cenomanian/Campanian) groups and a newly found unit
referred to as the Albian beds (109.9 ± 1.5 Ma). Thus, several contractional stages in late Aptian, Albian, and
Cenomanian-Campanian are then inferred. We suggest that the Deseado FTB constituted the southernmost
expression of the early Patagonian broken foreland in Cretaceous times. Additionally, we analyzed the
spatiotemporal magmatic arc behavior as a proxy of dynamic changes in the Andean subduction during
determined stages of intraplate contraction. We observe a significant arc broadening from ~121 to 82 Myr
andmagmatic quiescence after ~67 Ma. This is interpreted as a slab shallowing to flattening process. Far-field
tectonic forces would have been produced by increased plate coupling linked to the slab flattening as
indirectly indicated by the correlation between Cretaceous arc expansion and intraplate contraction. Finally,
the tectonic evolution of the Deseado FTB favors studies supporting inception of Andean shortening since
Cretaceous times.

1. Introduction

Unraveling the timing of tectonic events in the Andes is of paramount importance to shed light into the geo-
dynamic processes behind subduction orogeny. In the last decades research in Andean tectonics has focused
mostly on the Central Andes where highest topography, shortening, and crustal thickening are observed
(Armijo et al., 2015; Oncken et al., 2006), while other orogenic areas remain to date comparatively less under-
stood. For instance, the origin of intraplate ranges in Patagonia, grouped into the Patagonian broken fore-
land, has been assessed in more detail only recently, while much is still to be learned about the tectonic
stages and the causes of intraplate contraction (Bilmes et al., 2013; Echaurren et al., 2016; Gianni et al.,
2015; Navarrete et al., 2015). Particularly, the intraplate Deseado fold and thrust belt (FTB; 47°–48°300S) at
the southernmost part of the Patagonian broken foreland constitutes one of the least comprehended areas
(Figure 1a). In this belt several studies have been devoted to untangle the Jurassic tectonic evolution, which is
linked to significant epithermal Ag-Au mineralization (e.g., Guido et al., 2005). However, fewer studies have
been dedicated to determine the tectonic events that contributed to the building of the Deseado FTB. To
date, only two tectonic stages have been inferred, an older Barremian (?)-Aptian and a younger in
Neogene times (Giacosa et al., 2010; Homovc & Constantini, 2001). Nevertheless, time constraints on tectonic
events are limited and more importantly, the documentation of related synorogenic deposits are yet lacking.

Understanding the tectonic evolution of the Deseado FTB has paleogeographical, evolutionary, and even
oil exploration implications. For instance, decoding early orogenic activity in Patagonia would contribute
to the general discussion between studies favoring an early development of the whole Andes in
Cretaceous times (e.g., Fildani et al., 2003; Folguera & Iannizzotto, 2004; Jaimes & De Freitas, 2006;
Martin-Gombojav & Winkler, 2008; Mescua et al., 2013; Mpodozis et al., 2005; Sempere, 1995; Soler &
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Bonhomme, 1990; Tunik et al., 2010, among others) and works that only contemplate Cenozoic Andean
mountain building stages (e.g., Armijo et al., 2015; Faccenna et al., 2013; Husson et al., 2008; Oncken
et al., 2006, among others). In addition, it is crucial to understand sediment source areas to neighboring
Austral and San Jorge Gulf oil-bearing basins (e.g., Barberón et al., 2015; Limarino & Giordano, 2016;

Figure 1. (a) Image showing the general structure of the north and Austral Patagonian Andes to the west and the Patagonian broken foreland to the east.
CA = Cañadón Asfalto FTB; SB = San Bernardo FTB; D = Deseado FTB; AB = Austral Basin; SGB = San Jorge Gulf basin; FTB = fold and thrust belt. (b) Image showing the
general structure of the intraplate Deseado FTB. Map modified from Gianni et al. (2015). Outcrops belonging to late Early-Late Cretaceous nonmarine rocks are
shown in green. (c) Geological map of the study area based on Panza et al. (2001) and field data from this work. (d) Stratigraphy of the central sector of the Deseado
FTB in the study area and contractional stages determined in this and previous works.
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Malkowski et al., 2017; Figure 1a) and to shed light into Mesozoic paleobiogeography in Patagonia which
has the richest fossil record of South America (Wilf et al., 2013).

Thus, in this work we seek to better comprehend intraplate deformation in Patagonia and to unravel its
potential driving mechanism. To assess this issue, we analyzed Mesozoic sedimentary successions in different
structures of the Deseado FTB (Figure 1b). In addition, we have established a structural framework based on
previous and new field data consisting of structural mapping, recognition of syntectonic strata, and U/Pb dat-
ing. From this tectosedimentary analysis, we aim to untangle tectonic stages that lead to the development of
the Deseado FTB.

Then, we compare the determined tectonic stages in the study area with the early tectonic evolution of
whole Andean cordillera to search for potential causes of intraplate contraction. Additionally, we evaluate
the subduction dynamics to the west of the study area during the time of determined tectonic events
through the examination of the time-space arc behavior. The latter is usually considered an indirect indicator
of several geodynamic processes such as increase/decrease in plate coupling manifested on subduction
erosion/accretion (Kay et al., 2005; von Huene & Scholl, 1991), variations in slab dip (Coney & Reynolds,
1977) and crustal thickening (Karlstrom et al., 2014).

2. Geological Overview

The configuration of the Patagonian Andes is linked to the subduction of the Nazca and Antarctic plates
beneath the South American plate. The three plates interact in the Chilean Triple Junction at 46°300S. This
point separates the North Patagonian Andes from the Austral Patagonian Andes (Figure 1a). To the east,
the ~750- to 800-km-long Patagonian broken foreland is located in a low rigidity lithosphere and is charac-
terized by presenting a subtle amount of shortening (3–4%; Echaurren et al., 2016; Gianni et al., 2017). This
area is divided into three main zones, the Cañadón Asfalto, San Bernardo, and the Deseado FTBs (Figure 1a).

The present study is focused in the Deseado FTB to the east of the Austral Patagonian Andes (Figure 1a). The
general structure of this intraplate region has been explained in terms of thick-skinned tectonics, mostly
related to inversion of late Paleozoic to Mesozoic extensional depocenters (Giacosa et al., 2010; Homovc &
Constantini, 2001). Specifically, the study area is located in the central area of this belt (Figure 1b). The oldest
unit in this area is represented by the volcano-sedimentary Bahía Laura complex (Figures 1c and 1d). These
rocks were deposited in a transtensional to extensional basin called the Deseado Basin (Homovc &
Constantini, 2001), which developed from Lower to Upper Jurassic times as a consequence of western
Gondwana breakup (Giacosa et al., 2010; Pankhurst et al., 1998; Sruoga et al., 2008). The Bahía Laura complex
is constituted of three units: the Bajo Pobre, Chon Aike, and La Matilde formations that together span from
Early to Late Jurassic. After intense volcanism and rifting during the Jurassic period, continental sediments
of the Baqueró Group were deposited in a large intraplate basin (Harrington, 1962) interpreted as related
to thermal subsidence in Aptian times (Giacosa et al., 2010; Limarino et al., 2012; Figure 1d). These deposits
form a 200-m-thick succession composed of sandstones, conglomerates, tuffs, and mudstones that were
deposited in low-energy fluvial, deltaic, and lacustrine environments that preserved remains of Early
Cretaceous floras (e.g., Cladera et al., 2007; Limarino et al., 2012). This unit was originally defined as the
Baqueró Formation and divided into lower and upper members (Archangelsky, 1967). More recently,
Cladera et al. (2002) assigned these deposits to a higher rank unit, the Baqueró Group, with three formations:
the Anfiteatro de Ticó Formation, equivalent to the lower member of Archangelsky (1967), and the Bajo Tigre
and Punta del Barco formations, corresponding to the upper member of Archangelsky (1967; Figure 1d).
Recent U/Pb ages of 118.23 ± 0.09 Ma (Césari et al., 2011), 116.85 ± 0.26 Ma (Pérez Loinaze et al., 2013),
and 114.67 ± 0.18 Ma (Passalia et al., 2016) for the Anfiteatro de Ticó, Bajo Tigre, and Punta del Barco forma-
tions, respectively, constrained the deposition of the Baqueró Group to the late Aptian (Figure 1d).

Nonmarine sedimentation continued in the northern sector of the Deseado FTB with deposition of the
Chubut Group from the late Early to Late Cretaceous times (Panza et al., 2001; Figures 1c and 1d). In this area,
the Chubut Group is divided into the Castillo, Bajo Barreal, and Laguna Palacios formations (Figure 1d). The
Castillo Formation is a volcanoclastic fluvial to shallow lacustrine unit (Sciutto, 1981) of Albian age assigned
on the basis of a U/Pb zircon age of ~104 Ma (Suárez, Márquez et al., 2009). The Bajo Barreal Formation was
deposited in a fluvial to lacustrine environment (e.g., Paredes et al., 2016). This unit has been assigned to the
Cenomanian-Turonian based on 40Ar/39Ar ages ranging from 95.6 to 91 Myr (Bridge et al., 2000), dinosaur

10.1029/2018TC005173Tectonics

GIANNI ET AL. 3



fauna (e.g., Casal et al., 2009; Navarrete et al., 2011), and a recent sensitive high-resolution ion microprobe
U/Pb age of 99.7 ± 0.7 Ma (Suárez et al., 2014). However, Clyde et al. (2014) suggested that in certain areas
this unit could be younger based on the presence of a reverse-to-normal polarity transition in strata of the
Bajo Barreal Formation that they interpreted as being Campanian or younger. Overlying this unit, the
Laguna Palacios Formation is mainly composed of a stacked tuffaceous-loess-paleosol succession (Hechem
& Homovc, 1987). Suárez et al. (2014) suggested a Cenomanian to late Cenomanian-early Turonian (?) age
for this unit based on U/Pb dates from strata of this formation that yielded ages between 96 and 98 Myr
(Figure 1d). Baqueró and Chubut groups developed under increasing volcanic input, which produced recur-
rent and thick ashfall deposits (e.g., Limarino et al., 2012; Paredes et al., 2007; Tunik et al., 2004).

From Eocene to Pleistocene times extensive basaltic plateaux and lava flows partially covered the Deseado
FTB as a result of the formation of slab windows following the collision of the Farallon-Phoenix Chile mid-
ocean ridge at 55 to 40 Myr and the Chile mid-ocean ridge since 14 Ma (V. A. Ramos & Kay, 1992;
Figures 1c and 1d). The latter event is still active today producing current dynamic uplift of the southern
Patagonian foreland (Guillaume et al., 2009).

In some areas of the Deseado FTB Cretaceous rocks are unconformably overlain by the early Miocene marine
strata of the Monte León Formation, which were deposited during an Atlantic-derived transgression.
Regarding the contractional tectonic stages in the Deseado FTB, two significant stages have been recognized.
The oldest is a late Early Cretaceous event, associated with transpression and a regional unconformity
between Late Jurassic-Neocomian sedimentary rocks and the Late Aptian Baqueró Group (Giacosa et al.,
2010; Homovc & Constantini, 2001; Reimer et al., 1996). The latter has been recently constrained to the
Aptian (122–118 Myr) by Ghiglione et al. (2015) based on zircon provenance to the adjacent Austral Basin
(Figure 1a). A younger Neogene event is evidenced by the local presence of folded and faulted Tertiary pla-
teaux to the west of the study area (Giacosa et al., 2010).

3. Materials and Methods

In order to unravel deformational events in the Deseado FTB, we have analyzed sedimentary successions on
main contractional structures focusing on growth strata detection (Riba, 1976; Vergés et al., 2002). To analyze
growth structures, we followed an approach based on direct measurements of strata dip, record of thickness
changes, and the identification of sedimentary onlaps toward fold hinges or faults (e.g., Mpodozis et al.,
2005). The latter approach is helpful to differentiate typical fanning strata in growth structures from homo-
clinal strata linked to local flexures (i.e., drag folds) in the hanging wall near normal or contractional faults.
We only studied areas devoid of pervasive shearing to avoid mistaking syntectonic deposits with strata diver-
gence and thickening caused by trishear folding. In order to differentiate contractional growth strata from
those formed during extension (i.e., rollover growth strata folds), we studied sections closely related to struc-
tures with clear contractional kinematics. In addition, when possible we identified typical strata geometries
formed during thrusting such as syncline growth structures (e.g., Barrier, 2002; Hongn et al., 2007).
Furthermore, we looked for intraformational angular unconformities separating sections with different
degrees of contractional deformation.

To constrain the age of syntectonic deposits lacking precise geochronological controls, we carried out U/Pb
geochronology dating. For this, heavy mineral concentrates of the<350 μm fraction from three rock samples
were separated using traditional techniques at ZirChron LLC. Zircons from the nonmagnetic fraction were
mounted in a 1-inch-diameter epoxy puck and slightly ground and polished to expose the surface and keep
as much material as possible for laser ablation analyses. After cathode luminescence (CL) imaging at
University of Idaho, the laser ablation-inductively coupled plasma-mass spectrometry U-Pb analyses were
conducted at Washington State University using a New Wave Nd:YAG UV 213-nm laser coupled to a
Thermo Finnigan Element 2 single collector, double-focusing, magnetic sector inductively coupled plasma-
mass spectrometry. Operating procedures and parameters are similar to those of Chang et al. (2006). Laser
spot size and repetition rate were 30 μm and 10 Hz, respectively. He and Ar carrier gases delivered the sample
aerosol to the plasma. Each analysis consists of a short blank analysis followed by 250 sweeps throughmasses
202, 204, 206, 207, 208, 232, 235, and 238, taking approximately 30 s. 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 National Institute of Standards and
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Technology 610 trace element glass. Two zircon standards were used: Plesovice, with an age of 338 Ma
(Sláma et al., 2008) and FC-1, with an age of 1,099 Ma (Paces & Miller, 1993). Uranium-lead ages were calcu-
lated and plots generated using Isoplot (Ludwig, 2003). A summary of the analytical results is presented in
supporting information Table S1. To determine the maximum depositional ages, we identify the youngest
age group (more than three) overlapping within the error (Gehrels et al., 2006). Then, we calculated an age
from this group using the Tuffzirc algorithm of Ludwig (2003), and age errors were reported using the quad-
ratic sum of the analytical error plus the total systematic error for the set of analyses (Gehrels et al., 2008).

4. Field Evidence of Syntectonic Deposition Related to the Development of the
Intraplate Deseado FTB

The general structure of the study area is characterized by the presence of several folds and thrusts of vari-
able strikes (WNW-ESE, ENE-SSW, NE–SW, NNW-, NNE, and N-S). These structures involve deformation of
Early to Late Jurassic synrift units of the Bajo Pobre and Chon Aike formations and late Early to Late
Cretaceous postrift units of the Baqueró and Chubut groups (Figure 1c). It is noteworthy that most of the
study area is covered by Eocene to Pleistocene plateau basalts that rest undeformed upon Mesozoic
deformed units, which constitute a marker to constrain pre-Eocene deformation events (Figure 1c).
Therefore, in this study, we looked for evidences of syntectonic deposition in late Early to Late Cretaceous
nonmarine rocks in several structures of the intraplate Deseado FTB.

4.1. Field Evidence of Late Aptian Syntectonic Deposition

In the southeastern sector of the study area the Madre e Hija Range forms a ~5-km-long gently dipping
monocline associated with a thrust to the east that deforms Aptian successions of the Baqueró Group
(Figure 1c). This structure is characterized by a general N-S strike that changes to NW in its northern end.
According to Panza et al. (2001) outcrops of the Baqueró Formation in this area (now Baqueró Group,
Cladera et al., 2002) are represented by sedimentary rocks that correspond to the upper member of this unit
(i.e., the Bajo Tigre Formation, Cladera et al., 2002; Figure 1d). In the northernmost sector of the Madre e Hija
Range, over the thrust front area (Figure 1c), we found two sedimentary intervals with different degrees of
deformation separated by a local angular unconformity (Figures 2a and 3a). The lower interval usually
appears deformed into low-amplitude folds with ~500- to 300-m-long wavelength (Figure 2a). Resting above
the lower interval, a less deformed pyroclastic sedimentary interval is found (Figure 2a). The analyzed section
near the thrust front (see Figure 1c for location) presents an exposed thickness of about 15 m composed of
laminated tuffaceous siltstones and sandstones layers with soft-sediment deformation structures inter-
bedded with gray and white tuffs (Figures 2b–2d). This interval is also characterized by the presence of paleo-
soil levels with fossil rootlets (Figure 2c) and undetermined burrows. The upper part of this sedimentary
succession presents fine-grained tuffaceous sandstone beds with occasional intercalations of trough cross-
bedded medium to coarse grained sandstones with load and flame structures (Figures 2b–2e). We interpret
this sedimentary interval as deposited in a low-energy fluvial environment with floodplains dominated by
tuffaceous strata and ashfall tuffs. This is coherent with the analysis by Cladera et al. (2007) of the Bajo
Tigre Formation in the Cerro Bayo section to the SW of the study area.

The upper interval constitutes a finning upward succession that is separated from the lower one through
an erosional surface linked to an angular unconformity (Figures 2b–2f). Above the unconformity, we
observed a 5-m-thick succession that begins with a crudely stratified clast-supported conglomerate at
the basal part (Figure 2f). The conglomerate is poorly sorted and contains imbricated subangular clasts
up to 50 cm in diameter composed of tuff and siltstone and a tuffaceous silty matrix and is interpreted
as channel lag deposits (Figure 2f). Overlying the conglomerate is a matrix-supported conglomerate con-
taining subangular clasts between 3 and 50 cm in diameter composed of tuff and siltstone embedded in a
tuffaceous silty matrix which is interpreted as cohesive debris flow deposits (Figure 2g). Together, the con-
glomeratic levels indicate an increment in fluvial energy conditions. The upper part of this succession is
crowned by interbedded ashfall tuffs and reworked tuffs related to explosive volcanism (Figures 2b–2h).
Notably, the conglomeratic section depicts growth strata geometries in the area immediately on top of
the thrust front of the Madre e Hija Range. This is indicated by the presence of sedimentary onlaps and
thickness changes above the angular unconformity and toward the uplifted thrust front area
(Figure 3b). This fact is remarkable because dip changes and wedging from both sides toward a
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paleorelief uplifted on top of the Madre e Hija thrust front is indicative of deposition during thrust activity
(Figure 3b). To the top, a decrease in deformation rate generated stratal overlap and a return to fine-
grained sedimentation (Figures 2b and 3b).

Figure 2. (a) Panoramic view of the Bajo Tigre Formation in the thrust front area of the Madre e Hija Range showing a gentle intraformational angular unconformity.
(b) Measured sedimentary sections in the northern sector of the Madre e Hija Range. See Figure 3b for a precise location. (c to h) sedimentary facies of the Bajo Tigre
Formation in the northern sector of the Madre e Hija Range’s thrust front.
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4.2. Field Evidence of Albian Syntectonic Deposition

Nonmarine Cretaceous rocks with similar tectosedimentary characteristics to the above mentioned unit are
found 20 km to the southwest sector of the study area. In this sector we observed a WNW trending and
NNE verging fault-cored anticline, here referred to as the Los Juncos anticline (Figure 4a). In this area, a pyr-
oclastic fluvial sequence with variable thickness and up to 80 m is well exposed (Figure 4b). We identified two
facies associations. The first one consists of laterally extensive well-stratified fine-grained tuffs interpreted as
flood plain deposits (Figure 4c). We observed the presence of ashfall tuffs with accretionary lapilli and paleo-
soil levels indicated by the presence of bioturbated horizons with burrows (Taenidium isp. (?)) and rizoliths
indicating plant growth in a semiarid environment (Figures 4c–4e). The second facies association consists
of tabular and lenticular bodies with erosional base of volcaniclastic sandstones, lithic tuffs, and conglomer-
ates, interpreted as channel deposits (Figures 4b and 4c). In this area, the Liassic synrift Bajo Pobre Formation
is locally exposed in the hanging wall of the Nuncamás reverse fault (Figures 4a–4f). The outcrop consists of a

Figure 3. (a) Image showing the angular unconformity separating the upper and lower sedimentary intervals of the Bajo Tigre Formation and close-up to minor
reverse fault linked to the Madre e Hija thrust front. (b) Growth strata in the upper sedimentary interval of the Bajo Tigre Formation wedging toward the Madre e
Hija thrust front.
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Figure 4. (a) Geological sketch map and schematic cross section of the Los Juncos anticline area. (b) Sedimentary log at Los Juncos anticline area. See location in (a).
(c) Sedimentary facies of the Albian beds. Inset photograph of back-filled, meniscate burrows tentatively attributed to Taenidium isp. (d) Rizolith found in
paleosoil levels in the Albian beds. (e) Accretionary lapilli in the same unit. (f) Field picture of the Nunca más fault overthrusting the Albian beds. (g) Image showing
matrix-supported conglomerates of the Bajo Pobre Formation. (h) Coarse-grained laminated sandstones with synsedimentary deformation structures in the
Bajo Pobre Formation.
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10-m-thick mostly conglomeratic succession which strata dips 22° to the SE. The conglomerates are massive
and matrix supported and frequently contain poorly sorted angular and subangular clasts of mafic vesicular
volcanic clasts and scarce foliated granitoids clasts ranging in size from 2 to 40 cm that are embedded in a
tuffaceous to lithic fine- to medium-grained matrix (Figure 4g). Intercalations of 1.5- to 1 m-thick beds of
coarse-grained laminated sandstones with load and flames structures are rarely present (Figure 4h). These
rocks are interpreted as laharic deposits, which are characteristic of the Bajo Pobre Formation (Panza et al.,
2001). To the northwest, the Nunca más fault overthrusts the first described volcaniclastic fluvial succession
(Figures 4f and 5a). On the footwall of this fault, in these deposits, a growth structure with a marked internal
angular unconformity is found (Figures 5b and 5c). This sedimentary panel exhibits an upward attenuation in
syncline deformation that follows a pattern described in syncontractional strata for syncline growth struc-
tures (e.g., Mpodozis et al., 2005). In addition, the top of this succession presents significant changes in dip
and bed thickness describing clear fanning strata geometry toward the fault area (Figure 6a). A sample col-
lected from an ashfall tuff (47°24023,3″S; 68°3306,2″W) in these rocks for U/Pb geochronology suggests that
these deposits are Albian, as indicated by an obtained age of 109.9 ± 1.5 Ma (Figure 6b). In this work we will
informally refer to these rocks as the Albian beds. It is noteworthy that in the forelimb of the Los Juncos anti-
cline, gently dipping strata of the Albian beds unconformably cover secondary contractional structures
affecting the same unit attesting to contractional activity during sedimentation (Figure 6c). Onlap relation
between the Laguna Palacios Formation and the Albian beds in this area suggests that the former unit depos-
ited against a paleorelief formed in the latter, hence possibly attesting for topographic building during late
Early Cretaceous times (Figure 6d).

4.3. Field Evidence of Cenomanian-Campanian Syntectonic Deposition

In the northwest of the study area, Panza et al. (2001) mapped numerous thrusts and folds that deform Early
to Late Jurassic volcano-sedimentary rocks, as well as Cretaceous nonmarine deposits of the Chubut Group
(Figure 1c). In that region Cretaceous fluvial deposits of the Bajo Barreal Formation crop out in the footwall
of the NNE-trending La Paciencia fault (Figures 7a znd 7b). This reverse fault exposes a volcano-sedimentary
succession belonging to the synrift Bajo Pobre Formation. In that area, the Bajo Barreal Formation presents a
thickness up to 75 m and is composed of laterally extensive bodies with limited scour of laminated, parallel
and cross-bedded tuffaceous sandstones interbedded with massive ashfall tuff deposits (Figure 7a). In the
lower section, a clast-supported, poorly sorted conglomerate contains intraformational tuffaceous clasts
and andesitic cobbles derived from the Bajo Pobre Formation exposed to the west in the hanging wall of
the La Paciencia fault (Figures 7a and inset image in 7c). This sequence is interpreted as deposited by uncon-
fined sheet flows in a sandy braided fluvial setting. In a larger scale, these rocks form a panel of growth strata
with dip changes from 70°SE to 52°SE, characterized by several levels with sedimentary wedging toward the
fault area to the NW (Figure 7c). Similar features are well preserved along strike on the footwall of the La
Paciencia fault as evidenced by the presence of growth strata depicting progressive changes in dip and
bed thickness (Figures 7d and 7e). The latter features along with the presence of volcanic clasts derived from
the Bajo Pobre formation indicate that deposition of this unit took place during exhumation and thrusting
related to the La Paciencia fault. In this sense, downlap relations found in growth strata shown in Figure 7e
indicate that fold overturning took place during thrust emplacement and fluvial sedimentation.

On the footwall of the southern sector of the La Paciencia fault, the Laguna Palacios Formation crops out
(Figure 8a). This unit forms a coarsening upward, mostly pyroclastic, fluvial succession composed of tuffs, tab-
ular and laminated tuffaceous siltstones and sandstones with paleosoil levels, and cross-bedded conglomer-
ates (Figure 8b). This sedimentary succession is characterized by the presence of a local angular unconformity
that separates several contractionally folded strata, and more locally thrusted rocks (Figure 8d), from subhor-
izontal beds to the top (Figure 8e). The lower section is composed of fine-grained tuff and reworked massive
and laminated tuffaceous sandstones which present occasional bioturbation (Figure 8b). Resting above
unconformably are two lenticular sedimentary bodies, interpreted as channel deposits, which filled paleoto-
pographic lows related to folding of the lower sedimentary section (Figure 8b). The basal body is a poorly
sorted matrix-supported conglomerate with parallel stratification and intraformational volcaniclastic clasts
ranging in size from 3 to 15 cm embedded in a tuffaceous silty to sandy matrix (Figure 8c). This is interpreted
as deposited by semicohesive and hyperconcentrated debris flows. It follows a cobble to pebble cross-
bedded clast-supported conglomerate with poor sorting and organization (Figure 8b). It is characterized
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Figure 5. (a) Detailed map of the surroundings areas of the Nunca más fault. (b) Image showing a syncline growth structure in the Albian beds related to syntectonic
activity of the Nunca más fault. (c) Close-up to progressive angular unconformity showing folded strata beneath gently dipping beds.
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by an erosive base and significant bioturbation. These rocks are interpreted as deposited by sheet floods and
clast-rich debris flows. The uppermost part of the succession consists of large-scale (>1 m) cross-bedded
sandstones and conglomerates (Figure 8b). We interpret this unit as deposited by a sandy braided fluvial

Figure 6. (a) Image showing growth strata in Albian beds at the top of the growth syncline. See inset square in Figure 5b for a precise location. (b) TuffZirc age and
Tera-Wasserburg concordia diagrams of the F1-tuff sample. (c) Example of contractional structures affecting the lower Albian beds that are in turn covered in angular
unconformity by less deformed beds of the same unit. See location on Figure 4a. (d) Field relation between the Laguna Palacios formation and the Albian beds in
the surroundings of the Los Juncos anticline area attesting for deposition of the former against a paleotopography formed in the latter unit. See location in Figure 4a.
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Figure 7. (a) Sedimentary log of the Bajo Barreal Formation in the footwall area of the La Paciencia fault. (b) Local geological sketchmap in the vicinity of La Paciencia
fault. See location of this map in Figure 1c. (c–e) growth strata in the Bajo Barreal Formation linked to synsedimentary contractional activity of the La Paciencia fault.
See location in Figure 7b. Note in (c) the downlap relations linked to the development of the contractional growth fold in the Bajo Barreal Formation.
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Figure 8. (a) Geological sketch map of the southern area of the La Paciencia fault. See location of this map in Figure 1c. (b) Sedimentary log of the Laguna Palacios
Formation. See location in (a). (c) Matrix-supported conglomerate resting above the angular unconformity. (d) Example of contractional structures affecting the
lower section of the Laguna Palacios Formation. (e) Picture of the local intraformational angular unconformity in the Laguna Palacios Formation near the La Paciencia
fault. (f) Example of a syncline growth in the Laguna Palacios Formation linked to a contractional structure affecting the Bajo Pobre Formation. See location in a).
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system associated with transverse bar migrations. To the E-SE of the latter area the Laguna Palacios
Formation forms a small depocenter located between two NE trending thrust faults (Figure 8a). In that area,
a syncline growth showing typical upward strata attenuation and thickness changes is preserved in the foot-
wall of a northwestward verging thrust (Figure 8f). The latter along with the presence of contractional struc-
tures below the intraformational unconformity in the previous area attest for deposition of the Laguna
Palacios Formation during contractional activity.

5. Discussion
5.1. Interpretation of Field Data and Timing of Intraplate Deformation

We present the first report of synorogenic deposits in the Deseado FTB. This suggests a more complex
tectonic evolution than previously acknowledged for the initial stages of Patagonian broken foreland devel-
opment. From the analysis of these findings several contractional stages could be inferred in addition to pre-
viously identified early Aptian (~122–118 Ma) and Neogene stages (Ghiglione et al., 2015; Giacosa et al., 2010;
Homovc & Constantini, 2001).

The finding of a local angular unconformity in the Madre e Hija range separating two sedimentary succes-
sions with a different degree of contractional deformation in the Bajo Tigre Formation (~116 Ma, Passalia
et al., 2016; Figure 3a) indicates that compression took place in Late Aptian times. The development of
growth strata in the upper sedimentary interval of the Bajo Tigre Formation linked to Madre e Hija thrust front
supports the syncontractional nature of the upper part of this unit (Figure 3b).

In the northwestern sector of the study area, the presence of intraformational angular unconformities
(Figures 5 and 6) and growth strata in volcaniclastic fluvial deposits dated at 109.9 ± 1.5 Ma (Figures 6a
and 6b) indicates early Albian intraplate contraction. Syntectonic deposition of these sections occurred in
relation to the development of the Nunca más fault and the formation of the fault-cored Los Juncos anticline
(Figures 5 and 6). It is noteworthy that the presence of ~110Ma fluvial deposits constitutes an unprecedented
sedimentary record of early Albian deposition in the Deseado FTB. The youngest Albian nonmarine deposits
in the study area belong to the Castillo Formation (Panza et al., 2001; Figures 1c and 1d). Up to now, the oldest
age obtained in this unit was 104 Ma (U/Pb; Bridge et al., 2000; Suárez, Márquez et al., 2009). However, the
regional extent of these rocks and stratigraphic significance should be further explored in future studies.

The presence of syncontractional growth strata and local angular unconformities in the Bajo Barreal (Figure 7)
and Laguna Palacios formations (Figure 8; ~99 to 72 Ma, respectively; Suárez et al., 2014; Clyde et al., 2014) in
the footwall of the La Paciencia fault indicates contraction during Cenomanian to Campanian times. This
interpretation is compatible with the recent findings of Limarino and Giordano (2016) in equivalent units over
the southern flank of the Golfo San Jorge Basin (Figure 1a). Based on a provenance analysis, these authors
suggested sources from the Andean volcanic arc and the volcanic Jurassic units and basement outcrops from
the Deseado FTB in these sedimentary rocks.

It is noteworthy that the presented synsedimentary deformation features seem not to bear the same signifi-
cance in terms of intensity. The late Aptian deformation is mild, Albian deformation appears more significant,
and Cenomanian to Campanian structures are of larger scale and related to the onset of regional reverse
faults. Although speculative, we interpret these features as associated with the growing expression of a
contractional tectonic regime.

According to our findings, deposition of the nonmarine Cretaceous rocks in the Deseado FTB may not have
taken place in a sag basin as previously suggested (Giacosa et al., 2010; Limarino et al., 2012). In this sense, an
isopach map of the Chubut and Baqueró groups derived from available stratigraphic logs from Panza, Zubia,
et al. (1994), Panza, Márquez, and Godeas (1994), Panza et al. (2001), Panza and Cobos (1998), Giacosa et al.
(1998) and Cobos et al. (2003) reveals the W-E asymmetric nature of the Cretaceous basin (Figure 9a). We con-
sider that the basin configuration is unlikely to be the result of selective rock removal and preservation as we
do not expect significant erosion in the eastern side of the basin far from the FTB. Thus, this general asymme-
try along with evidence of Cretaceous contraction in the Deseado FTB implies that orogenic load-related
lithospheric flexure would have played a significant role during basin formation. In this regard, as seen in
Figures 9a and 9b, the distribution of Cretaceous deposits describes a foredeep depocenter to the west near
the Deseado FTB with a thickness up to 450–500 m, a forebulge, and a backbulge depocenter to the east with
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deposits not thicker than 20 m. In this context, growth strata in the western basin sector described in this
study may be the result of wedge-top dynamics, where sedimentation and tectonic activity take place
simultaneously. The small basin wavelength and amplitude, along with its location in an intraplate setting,
points out to an origin related to a broken foreland basin (Strecker et al., 2011), which contrasts the larger-scale
and highly subsiding (>1 km) foreland basin systems (DeCelles & Giles, 1996). Depending on the amount of
foreland shortening in broken forelandbasin systems, the subsidence canbe highly variable ranging from~3.5 km
(e.g., Cristallini et al., 2004) to 300 m (e.g., Huyghe et al., 2015). In general, lithospheric flexure depends on the Te
(effective elastic thickness), a proxy of lithospheric rigidity, and the applied orogenic load (Watts, 2001). Thismeans
that for a certain Te value, basin subsidence (amplitude) andwavelength depends on the applied orogenic load. In
this sense, low topography and crustal thickness (35 km; Chulick et al., 2013) observed in the Deseado FTB would
imply small crustal loads, which are compatible with the low subsidence recorded in the Cretaceous basin
(Figure 9a). Hence, Cretaceous sedimentary rocks seem to have deposited in a broken foreland basin
associated with developing contractional structures mostly to the west. Collectively, structural and stratigraphic

Figure 9. (a) Isopach map of the Chubut and Baqueró groups derived from stratigraphic logs from Panza, Zubia, et al. (1994), Panza, Márquez, and Godeas (1994),
Panza et al. (2001), Panza and Cobos (1998), Giacosa et al. (1998), and Cobos et al. (2003). Thicknesses were gridded using the minimum curvature method of
Briggs (1974). (b) Thickness profile showing the distribution of nonmarine deposits describing the wedge top, foredeep, forebulge and back bulge depocenters
related to the Cretaceous basin. (c) Compiled radiometric data set from geochemically characterized arc magmatic bodies (plutonic/volcanic) from V. A. Ramos
(1982), Weaver et al. (1990), Tippet et al. (1991), Townley (1997), and Pankhurst et al. (1999), data and previous compilation of Suárez and De La Cruz (2001) and
Parada et al. (2001), data and previous compilation of Hervé et al. (2007), and data and previous compilation of Welkner et al. (2010) and Poblete et al. (2014). Ages are
reported without errors. Inset diagram is a time-space plot (Coney & Reynolds, 1977) of Cretaceous arc magmatism. Eocene to early Miocene arc ages are from
Suárez and De La Cruz (2001) and Ramírez de Arellano et al. (2012). (d) Proposed geodynamic model linking intraplate contraction in the Deseado fold and thrust belt
to changes in slab angle. MCC = Meseta de Chile Chico basalts; PB = Posadas basalt.
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observations provide evidence for deposition and basin formation during intraplate contraction directly related to
the building of the Deseado FTB.

From a regional point of view, the documented contractional episodes encompass a critical time interval for
better understanding the early evolution of the Patagonian broken foreland (Figure 1a). In contraposition to
previous works claiming Aptian-Campanian extension over the northern and central Patagonian broken fore-
land (Allard et al., 2015; Figari et al., 2015; Paredes et al., 2015, 2016) and thermal subsidence (Giacosa et al.,
2010; Limarino et al., 2012) in the southern sector (Deseado FTB), our interpretations favor studies proposing
along-strike intraplate contraction and initial uplift of this belt in Aptian-Albian times (Echaurren et al., 2016;
Folguera & Ramos, 2011; Gianni et al., 2015; Navarrete et al., 2015; Savignano et al., 2016). In this context the
intraplate Deseado FTB would have constituted the southernmost expression of the early Patagonian
broken foreland.

5.2. The Deseado FTB in the Context of the Cretaceous Andean Evolution

The western South Americanmargin was subjected to a change in the tectonic regime from extension to con-
traction during the Late Cretaceous (Auboin et al., 1973; Vicente, 1970). In the northern Andes, the earliest
contractional stages are related to dextral transpressive structures throughout the Ecuadorian Cordillera
Real and Colombian Central Cordilleran terranes with cooling ages ranging from 120 to 85 Ma (Pindell &
Kennan, 2009). In the northern Central Andes the early stages of the Andean uplift took place in relation to
the inversion of a back-arc basin during the Late Cretaceous Mochica (~100 Ma) and Peruvian (~90 Ma)
phases. The Mochica Phase of orogeny (Jaillard et al., 2000; Mégard, 1984) was responsible for the initial
development of a retroarc foreland system extending from northern Peru to south Bolivia, known as the
Andean Basin (see Menegazzo et al., 2016 for a synthesis). In the rest of the Central Andes the beginning
of Cretaceous contraction is well recorded in a series of foreland basins, such as the Atacama (Mpodozis
et al., 2005) and Neuquén basins (Cazau & Uliana, 1973) with synorogenic deposits represented by the
Purilactis (~107–73 Myr; Arriagada et al., 2006) and Neuquén (~98–75 Myr; Fennell et al., 2015) groups,
respectively. In the North Patagonian Andes these early tectonic events are inferred mostly based on the pre-
sence of an angular unconformity of Aptian age (Echaurren et al., 2017; Suárez, De La Cruz et al., 2009).

In the Southern Andes Cretaceous contraction is marked by the younging southward closure of the oceanic-
floored Rocas Verdes Basin. This process started with coarse-clastic deposition first in the north of this area
around 112 Ma (Malkowski et al., 2016) and propagated southward up to ~89–85 Myr (McAtamney
et al., 2011).

The causes of Cretaceous contraction along the Andes are varied. The driving processes behind mountain
building in the Northern Andes are related to the collision of oceanic slivers associated in part with the
Caribbean plateau, which contrasts more typical cordilleran orogenic activity of the Central Andes (Cediel
et al., 2003). For the rest of the orogen, changes in plate kinematic parameters have been invoked to explain
the Cretaceous shift in the tectonic regime. Somoza and Zaffarana (2008) based on the analysis of South
American paleopoles and the moving hot spot framework provided a kinematic scenario to explain early
Andean evolution. These authors related the extensional tectonics in the early to middle Mesozoic stages
with episodic divergence between the trench and the continental interior. In this model, early Andean con-
traction was related to the onset of westward acceleration of South America triggered by a plate reorganiza-
tion producing trench overriding between ~100 and 90 Myr. During the Cretaceous shift in the tectonic
regime, the Andean subduction angle is mostly proposed to have been normal dipping (30°), but in some
segments, orogenic activity has been linked to shallow or flat subduction in the Late Cretaceous times
(e.g., Echaurren et al., 2016; Gianni et al., 2015; Jaillard et al., 2000; V. A. Ramos & Folguera, 2005). This scenario
is similar to the Neogene to present Andean context, where regional contraction was produced by increased
convergence and/or continent trenchward motion and local intraplate contraction took place in areas that
experienced shallowing in slab dip (see V. A. Ramos & Folguera, 2009).

The fact that tectonic stages in the Deseado FTB and the whole Patagonian broken foreland preceded the
Cretaceous contraction in the rest of the Central and Southern Andes by ~10 to 20 Myr hampers invoking
continental trench-overriding/convergence rates as the single cause for orogenic activity in the study area.
Thus, additional factors must be analyzed in order to explain the timing and the anomalous inland extent
of contractional deformation in the study area.
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5.3. Spatiotemporal Arc Evolution and Its Relation to the Intraplate Deseado FTB

The Aptian to Campanian intraplate contraction in the Deseado FTB indicates a drastic change in the
dynamics of the Andean subduction, but why did such a change occur?

In order to analyze subduction dynamics west of the study area, during determined intraplate tectonic
stages, we examine the spatial and temporal evolution of arc magmatism. To do so, we compiled a data
set of available radiometric ages (U/Pb, Ar/Ar, K/Ar, and Rb/Sr) between 46° and 49°30°S from Cretaceous plu-
tonic and volcanic rocks with arc geochemical signatures (Hervé et al., 2007; Pankhurst et al., 1999; Parada
et al., 2001; Poblete et al., 2014; V. A. Ramos, 1982; Suárez & De La Cruz, 2001; Tippet et al., 1991; Townley,
1997; Weaver et al., 1990). The fact that this area did not experienced Late Jurassic back-arc oceanic spreading
as the region to the south of 50°S (Malkowski et al., 2016) makes it suitable for this analysis. We elaborated a
time-space plot diagram which is helpful to determine spatial changes in arc position through time (Coney &
Reynolds, 1977; Figure 9c). To construct this diagram, the paleotrench was restored taking into account a 50-
km forearc loss by Neogene subduction erosion (Ramírez de Arellano et al., 2012). Since the contribution of
Cretaceous deformation to bulk shortening in the Austral Patagonian Andes is unknown, plotted arc-to-
trench distances represent a minimum value. Distance to arc rock ages is then plotted perpendicular to
the reconstructed margin (Figure 9c). From our space-time plot, we observe the following arc behavior:
First, as previously noticed by Hervé et al. (2007) the earliest Cretaceous magmatic activity (~139–126 Myr)
is located on the western flank of the Patagonian Batholith (Figure 9c). Then, between 46°S and 48°S the
arc began to broaden eastward between 124 and 123 Myr and experienced an expansion of ~250 km from
~121–117 to 84–82 Myr with respect to the previous arc position (Figure 9c). Particularly, the ~80- to 68-Myr
time interval is shown to be not well recorded (Figure 9c). Magmatic activity seems to have waned signifi-
cantly since ~80 Myr entering a quiescence stage after 67 Ma. Notably, Suárez and De La Cruz (2001) had
already noticed a magmatic arc gap at 45–48°S lasting from 69 to 50 Myr.

Spatiotemporal dynamics of magmatic arcs are controlled by several geodynamic processes, and often, iden-
tifying a single cause is not an easy task. In the study area, any successful hypothesis must satisfy key obser-
vations such as the ~250-km eastward magmatic migration/broadening and a subsequent waning-arc gap
stage (Figure 9c).

Arc migrations and expansions have been mostly related to trench motion produced by subduction
erosion/accretion, changes in convergence rate, variations in slab dip, and crustal thickening, which could
all be influenced by structurally controlled magma ascent (e.g., Haschke et al., 2002; Karlstrom et al., 2014;
Kay et al., 2005; Mamani et al., 2010; von Huene & Scholl, 1991).

Subduction erosion is expected to produce arc migration as it removes crustal material from the forearc
wedge (e.g., Kay et al., 2005). As mentioned above, this process has been postulated to explain Neogenemag-
matism based on geochemistry of arc rocks and the virtual absence of forearc crust between 48°S and 51°S
(Ramírez de Arellano et al., 2012). Chemical evidences for subduction erosion usually involve a decrease in
εNd values and an increase in 87Sr/86Sr ratios.

Rare earth element patterns (higher La/Yb ratios) and higher Sr contents reflect entrainment of crustal mate-
rial into the mantle wedge (Kay et al., 2005). Notably, such trace elements pattern and isotopic signatures are
lacking in 120–80 Myr plutonic rocks of the Patagonian batholith (Hervé et al., 2007; Pankhurst et al., 1999;
Weaver et al., 1990), precluding Cretaceous subduction erosion at studied latitudes. More importantly, sub-
duction erosion fails to explain the prolonged arc quiescence (>20 Ma) observed at studied
latitudes (Figure 9c).

In a pioneering work, Molnar et al. (1979) proposed a direct relation between increased convergence veloci-
ties and arc broadening. However, most recent numerical modeling analyses indicate that there is no clear
correlation between the location of the melting region in arcs and convergence rates (Grove et al., 2009,
2010), or conversely to Molnar et al.’s (1979) proposal, there is a trenchward arc broadening with increasing
convergence (Karlstrom et al., 2014, Figure 10a). The latter is exactly the opposite evolution followed by the
late Early-Late Cretaceous arc in the study area which expanded toward the continental interior. Furthermore,
the convergence rate hypothesis fails to explain the observed arc waning-gap stage (Figure 9c).

Through a mathematical model Karlstrom et al. (2014) suggested that arc migrations could be caused by
crustal thickening. According to this work, crustal thickening squeezes away the mantle wedge producing
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arc migration, and as it proceeds to a critical thickness of ~70 km, comparable to the largest orogens on Earth
(e.g., Tibetan Plateau), the arc shuts off. Although this could explain in part the 121- to 84-Myr arc migration,
there is no geological or geochemical evidence for a crustal thickening of 70 km necessary to drive the
observed arc shut-off (e.g., Hervé et al., 2007; Suárez & De La Cruz, 2000). Such extreme thickening is only
known in the Puna-Altiplano plateau of the Central Andes (e.g., Yuan et al., 2000). Thus, crustal thickening
alone does not easily explain the described arc migration/expansion terminating in a waning-arc gap.

Structurally controlledmagma ascent could have contributed in some degree to the observed arc migrations.
However, concrete field evidences for such controls have not been provided so far, and more importantly,
this process fails to explain the across-arc magmatic waning-gap stage.

Changes in slab dip linked to subducted plate shallowing is expected to produce inland arc broadening and
migration as the mantle wedge is squeezed forward. When a critical angle is achieved, the mantle wedge is
canceled driving arc shut-off (e.g., Dickinson & Snyder, 1978;Gutscher et al., 2000; V. A. Ramos et al., 2002). The
control of slab angle on arc position is supported by recent numerical modeling and global analyses in sub-
duction systems (Grove et al., 2009, 2010, Figure 11a). The study of ancient and current flat-slab processes has
revealed a broad range of time span and arc width in these settings, which is likely related to the diversity of
processes driving variations in slab dip (e.g., Payenia flat slab: 150–200 km, 13 Ma, Litvak et al., 2015, Figure 2;
Pampean flat slab, 230–200 km; 18 Ma to present, V. A. Ramos et al., 2002, Figure 10; Laramide flat slab,
900 km, 45 Ma, Coney & Reynolds, 1977; South China flat slab, 1,000 km, 60 Ma, Li & Li, 2007, Figure 3;
South Korea flat slab, 250 km, 100 Ma, Figure 7 of Egawa, 2013). Slab shallowing could be compatible with
the arc behavior observed in Figure 9 as it may produce arc broadenings of 250 km and a subsequent mag-
matic shut-off. Moreover, it is able to sustain this process for several million years independently of the con-
vergence rate, crustal thickening, and forearc dynamics. It is noteworthy that increasing intensity of
deformation from late Aptian to Cenomanian-Campanian (?) described in this work would be compatible
with dynamics of flat subduction. In this sense, the increasing plate coupling during shallowing of the slab
angle produces an increment upper plate deformation (Lacombe & Bellahsen, 2016).

Hence, we favor this hypothesis as a likely process to explain the time-space evolution of the Cretaceous arc.
Initial suspicions of an Aptian shallow subduction were raised by Suárez, De La Cruz et al. (2009), but no data
supporting this hypothesis was provided by the authors. In our proposal, an initial slab shallowing pro-
duced the arc expansion between 121–117 Myr and 84–82 Myr evolving into a complete slab flattening
between ~80 and 67 Ma (Figure 9c). During slab shallowing, the upper plate cools and the interplate cou-
pling area increases often producing an inland propagation of compressional stresses and deformation
(Gutscher et al., 2000; V. A. Ramos et al., 2002). Strikingly, Cretaceous arc expansion coincides spatially
and temporally with intraplate contraction and synorogenic deposition in the Deseado FTB. Therefore,
we propose that early contraction in the Deseado FTB could have been a consequence of a changing
subduction angle. This slab-shallowing event would have constituted the southernmost part of a larger
Cretaceous flat-slab segment previously documented at the latitudes of the central and northern areas
of the Patagonian broken foreland (Gianni et al., 2018). This hypothesis provides an explanation for the
late Early-Late Cretaceous contraction in the northern sector of the Austral Basin (46°–48°S) documented
through structural data (Suárez & De La Cruz, 2000) and preliminary anisotropy of magnetic susceptibility
studies (M. E. Ramos et al., 2016).

Flat-slab destabilization would have taken place between 55 and 40 Myr during the development of a well-
recorded slab window event at 47°S, related to the Meseta de Chile Chico and Posadas basalts (Espinoza et al.,
2005; V. A. Ramos & Kay, 1992, Figure 10c). It is noteworthy that the documented arc waning-gap stage
preceded the eruption of Eocene volcanic plateaux by 25Ma, which hampers linking the volcanic gap entirely
to the formation of the Aluk-Farrallon slab window (V. A. Ramos & Kay, 1992; Figure 9c). Finally, normal sub-
duction would have resumed sometime during the latest Eocene to Early Miocene when the arc reestab-
lished to the west (Hervé et al., 2007; Ramírez de Arellano et al., 2012; Figure 9c).

6. Conclusions

The tectosedimentary analysis of late Early to Late Cretaceous nonmarine rocks in the intraplate Deseado FTB
unraveled a more complex tectonic evolution than previously thought. In this study, synorogenic strata are
described for the first time in this belt revealing several episodes of Cretaceous intraplate deformation.
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Syntectonic deposition is evidenced by the finding of intraformational angular unconformities and syncon-
tractional growth strata in late Aptian beds of the Bajo Tigre Formation (Baqueró Group), the newly found
Albian beds (109.9 ± 1.5 Ma), and Late Cretaceous rocks of the Bajo Barreal and the Laguna Palacios forma-
tions (Chubut Group). Deposition of these successions would have taken place in a broken foreland basin
produced by limited flexure during intraplate contraction as evidenced by the regionally asymmetric geome-
try of sedimentary deposits. Based on the presented data, we suggest that the Deseado FTB constituted the
southernmost sector of an ancient intraplate contractional belt known as the early Patagonian
broken foreland.

In addition, we analyzed the spatiotemporal magmatic arc behavior during Cretaceous times, as a proxy of
dynamic changes in the convergent margin west of the Deseado FTB. From our compiled data set we observe
an eastward arc broadening of ~250 km from ~121–117 to 84–82 Ma with respect to the previous position at
~139–126 Ma. Magmatic activity waned since ~80 Ma entering in a quiescence stage after 67 Ma. From the
analysis of the broad range of processes that control arc dynamics, slab dip is possibly the most likely process
that dictated Cretaceous arc behavior. The time-space arc evolution is interpreted as related to a slab-
shallowing process that evolved into a fully developed slab flattening between ~80 and 67 Ma. Finally, far-
field compressional stresses leading to intraplate contraction in the Deseado FTB would have originated dur-
ing the slab shallowing as indicated by the spatial and temporal coincidence with the Cretaceous arc expan-
sion. Finally, the tectonic evolution of the Deseado FTB favors studies supporting early Andean growth since
late Early Cretaceous times.
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