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ABSTRACT

The Bermejo retroarc foreland basin system formed in flexural response to Miocene crustal
thickening in the Andean orogenic system, specifically, the eastward propagation of the
Precordillera fold-thrust belt and the basement-involved uplift of the Sierras Pampeanas. Previous
work in the area has mainly focused on the mechanisms and expression of flat slab subduction and
the structural geometry of the basement-involved Sierras Pampeanas and east-vergent
Precordillera fold-thrust belt at depth. Much of this work has furthered the understanding of
Bermejo basin evolution north of 31°S, however debate still exists whether the N-S trending
Bermejo basin evolved synchronously or asynchronously through time. An in-depth, along-strike
analysis of the Bermejo basin is required to determine whether or not the basin evolved
synchronously. Our study seeks to constrain the along-strike Neogene tectonics of the Eastern
Precordillera via well exposed Bermejo basin deposits through integration of new stratigraphic,
detrital zircon U-Pb geochronology provenance, and detrital apatite low temperature
thermochronology datasets from southern Bermejo basin. New data from two <2 km thick
Neogene stratigraphic sections in southern Bermejo basin constrain deposition between ca. 13-5
Ma with dominant fluvial-lacustrine mudstones, siltstones and sandstones that transition into
fluvial-alluvial fan conglomerate facies tracking the eastward migration of deformation. New
detrital apatite thermochronology ages from the base of the measured sections record a mean age
of ca. 6 Ma, suggesting two temporally distinct deformation events along-strike of the Bermejo
basin. When we compare our new data with published data from northern Bermejo, we observe a
north to south: (1) decrease in stratigraphic thicknesses, and (2) increase in exhumation ages along
strike. This study utilizes newly collected data in comparison with published data to constrain

along-strike variability of Precordillera thrust-front evolution and Bermejo basin development.
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1. INTRODUCTION

The Pampean flat slab segment of the central Andean orogenic system (Fig. 1) represents
a region where the Nazca plate is subducted below the South American plate sub-horizontally
(Barazangi & Isacks, 1976, 1979; Ramos et al., 2002). This region of flat-slab subduction is
recognized by a spatial gap of active arc magmatism and a foreland basin region partitioned by the
basement involved uplifts of the Sierras Pampeanas, which has been suggested to be driven largely
by subduction of the Juan Fernandez ridge (Barazangi & Isacks, 1976; Jordan etal., 1983; Ramos
etal, 2002; Alvarado et al., 2009; Ramos & Folguera, 2009). The Bermejo basin is situated in the
foreland of the Andean orogenic system, and as such acts as an active record of magmatism and
deformation associated with changes in subduction dynamics over the past ~20 Myr (e.g. Jordan
et al,, 2001; Verges et al, 2001; Levina, et al., 2014; Fosdick et al., 2015; Capaldi et al., 2020;
Stevens-Goddard et al., 2021). Andean deformation propagated eastward during the past 20 Myr
and is collocated with migration of magmatism towards the craton as the Nazca slab flattened and
induced thermal weaknesses in the crust (Kay and Abbruzzi, 1996; Cristallini and Ramos, 2000;
Kay and Mpodozis, 2001; Ramos et al., 2002; Ramos and Folguera, 2009; Allmendinger and
Judge, 2014; Capaldi et al, 2021; Mackaman-Lofland et al, 2020; 2022). The thick-skinned
Sierras Pampeanas basement-involved ranges partitioned the once continuous foreland basin
during the Miocene (ca. 5-0 Ma) forming a broken foreland basin system (Fig. 1; Malizia et al,
1995; Jordan and Allmendinger, 1986; Jordan et al, 2001; Ortiz etal., 2015; 2021; Horton et al,,
2022). Research in the Pampean flat-slab region has furthered our understanding of (1) the drivers
and consequences of flat slab subduction at convergent plate boundaries, (2) the development and
evolution of broken-foreland basin systems, and (3) the usefulness of well-preserved basin

stratigraphy in understanding Andean tectonics. Nevertheless, the spatial trends in deformation



along strike of the Neogene Bermejo basin and associated thrust front structures remain

unresolved.

The well-preserved Cenozoic basin stratigraphy of the northern Bermejo basin (north of
31°S) has been well documented as a recorder of deformation in the Andean hinterland and
Precordillera fold-thrust belt since atleast ca. 20 Ma (Johnson et al., 1986; Beer and Jordan, 1989;
Jordan et al., 1993, 1997, 2001; Fernandez et al., 1996; Milana et al., 2003; Fosdick et al., 2015,
Capaldi etal., 2020; Mackaman-Lofland et al., 2022). Uncertainties remain in regards to the spatial
and temporal along-strike evolution of deformation and associated foreland basin development.
Andean mountain building has been proposed to be asynchronous from north to south, indicating
deformation and foreland basin development tracks spatially and temporally with the subduction
of the Juan Fernandez ridge and associated flat slab geometry (Beer et al., 1989; Jordan et al.,
1993; 2001; Ramos and Folguera, 2009; Verges et al., 2001). Geophysical modeling of the Juan
Fernandez ridge suggests that the asperity migrated south along the South American margin for
the past 25 Myr with subduction initially occurring at 20°S in the Bolivian orocline and migrating
to its current position of 32°S by 12 Ma (Yanez et al, 2001; Kay and Coira, 2009). However, recent
low-temperature thermochronology results along strike in the Precordillera fold-thrust belt
recorded a spatially synchronous exhumation event around 12-9 Ma (Levina et al., 2014). The
Precordillera is classified as an east-directed, thin-skinned fold-thrust belt which includes the
enigmatic, west-directed frontal thrust system of the Eastern Precordillera abutting the foreland
(Fig. 2). Reconstructions of the tectonic history of the Eastern Precordillera show large
uncertainties in terms of when deformation initiated along strike, and the kinematic relationships
between the trailing Central Precordillera ramp-flat thrust system and the east flanking Sierras

Pampeanas basement-involved uplifts. A better understanding of the timing of deformation,



exhumation and stratigraphic unroofing patterns of the Eastern Precordillera is critical to
understanding the upper-crustal response to flat-slab subduction and broken foreland basin
evolution. Previous work in the northern portion of the Bermejo basin has constrained Neogene
deposition and deformation associated with the contemporaneously advancing Precordillera
thrust-front (Fig. 2; e.g. Beer and Jordan, 1989; Capaldi et al., 2020; Fosdick et al., 2015; Levina
etal, 2014; Jordan etal., 1993, 1997, 2001; Milana etal, 2003), however datasets are lacking for
the southern Bermejo basin. We argue that an along strike analysis of the depositional and
deformational history between 30-32°S is crucial to understanding the variability that exists in the

evolution of the Precordillera fold-thrust belt and the development of the associated foreland basin.

Our study seeks to constrain the along-strike Neogene tectonics of the Bermejo basin and
Eastern Precordillera through the integration of new stratigraphic, detrital zircon U-Pb
geochronology provenance, and detrital apatite low-temperature thermochronology datasets from
the southern Bermejo basin (Fig. 2). The Bermejo basin deposits are found along a well-exposed
outcrop belt that overlies the Eastern Precordillera structures, providing anideal system to conduct
an along-strike analysis of both Precordilleran deformation and the closely associated basin
evolution. Temporal constraints in the northern Bermejo suggest a depositional history mitiating
around ca. 24-18 Ma (Johnson et al,, 1986; Fosdick etal., 2015; Milana et al., 2003; Capaldi et al.,
2020) and exhumation mitiating ca. 2 Ma (Fosdick et al., 2015). By integrating new geo- and
thermochronologic datasets in the southern Bermejo with published datasets from northern
Bermejo, we can begin to assess whether: (1) the Bermejo basin developed as a continuous flexural
basin or was spatially discontinuous along strike, and (2) if the along-strike deformation of basin
deposits was coeval or diachronous. Two new stratigraphic sections in the southern Bermejo basin

were measured and described in detail. Measurements of paleocurrents and conglomerate clast



compositions were taken, samples were collected from each section for detrital zircon
geochronology for chronostratigraphy and sediment provenance, and basal sandstones were
collected for apatite helium thermochronologic analyses to track the thermal evolution of the basin
during subsidence and exhumational cooling. These new sedimentological and geo-
thermochronologic constraints from the southern Bermejo basin are compared against existing
data from the northern Bermejo basin to track the along-strike variations and complexities in

thrust-front evolution and foreland basin development.
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Figure 1: Tectonic setting ofthe southern Central Andes. (A) Geologic map of major tectonic provinces in the

Pampean flat-slab segment of western Argentinaand northern Chile, Quaternary Andean arc volcanic centers (black
triangles), contoured Benioff zone depths (in km) to the subducted Nazca plate (dashed contour lines), and cross-
section X-X’ location (after Ramos et al.,2002). (B) East-west crustal cross section showing various Andeanranges

and pro-posed basement terranes ofthe South Americanplate (after Bellahsenet al., 2016). Active seismicity (white
circles) defines major crustal structures and Nazca plate geometry (Alvarado et al., 2009).
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2. GEOLOGIC BACKGROUND

The Andean foreland of west-central Argentina is located within the Pampean flat slab
segment of the Nazca-South American plate boundary where the thin-skinned Precordillera and
basement-involved Sierras Pampeanas structural provinces spatially overlap (Fig. 1; Jordan and
Allmendinger, 1986; Horton et al., 2022). The south-central Andes (30-32°S) is divided into five
distinct tectonic provinces (Figs. 1 and 2): (1) the Andean arc and hinterland, (2) Central

Precordillera, (3) Eastern Precordillera, (4) Sierras Pampeanas, and (5) Bermejo foreland basin.

The Andean arc and hinterland region along the Chile-Argentina border is composed of a
suite of Jurassic-Miocene volcanic and volcaniclastic rocks deformed within the thin-skinned
Principal Cordillera that overlie the Carboniferous-Triassic igneous rocks of the Frontal Cordillera
(Fig. 1; Cristallini and Ramos, 2000; Mackaman-Lofland et al, 2019). The Frontal Cordillera
consists of basement-involved structures that exhumed a >3 km thick assemblage of
Carboniferous-Triassic igneous rocks, potentially as early as 30 Ma (Lossada et al, 2017;
Mackaman-Lofland etal., 2022). Igneous rocks of the Frontal Cordillera include the Elqui-Limari
and Chollay batholiths, Choiyoi Group granodiorites, andesitic/thyolitic lavas, and pyroclastic
rocks (Mpodozis and Kay, 1992; Sato et al, 2015). The Manantiales and Calingasta-Iglesia
hinterland basins flank the Frontal Cordillera and record deposition between 22 to 14 Ma (Pinto et

al., 2018; Capaldi et al., 2020; Mackaman-Lofland etal., 2020; Podesta et al., 2022).

The Central Precordillera is separated from the Andean Hinterland by the north-trending
Iglesias-Calingasta-Uspallata basin (Beer at al, 1990). The Central Precordillera thrust belt
accommodated a majority of the Andean retroarc shortening (>100 km of E-W shortening) by

imbricate thrusting above a ~4-12 km deep decollement within Ordovician-Lower Devonian strata



(Von Gosen, 1992; Allmendinger and Judge, 2014). Precordillera structures involve six east-
verging faults and associated fault-propagation folds that deform Paleozoic and overlying
Cenozoic foreland basin cover strata (Allmendinger et al, 1990; Jordan et al., 1993). Stratigraphy
in the Central Precordillera consists of Cambrian-Ordovician carbonates (Don Polo Formation),
siliciclastics and a sedimentary mélange (Los Sombreros Formation) that are unconformably
covered by Silurian-Devonian marine rocks (Punta Negra Formation) (Von Gosen, 1992;
Mardonez et al., 2020). Structural and sedimentologic analyses of basin deposits found within the
Central Precordillera as well as Bermejo foreland basin deposits indicate deformation and erosion
mitiated around 18-16 Ma with a major phase of exhumation at 12-9 Ma (Beer and Jordan, 1989;
Jordan et al., 1990, 1993; Allmendinger and Judge, 2014; Levina etal., 2014; Fosdick etal., 2015;

Mackaman-Lofland etal., 2022).

The Eastern Precordillera is a nearly 400 km long thrust front that abuts the Bermejo
foreland basin. The Cambrian-Ordovician carbonate rocks of the Eastern Precordillera comprise
the sedimentary cover overlying Grenvillian basement of the Cuyania terrane (Astini et al., 1995;
Keller, 1999; Ortiz et al, 2015; Thomas et al, 2015). Paleontological and stratigraphic data
suggest that this exotic terrane represented a conjugate rift pair of the Laurentian margin, which
then accreted to Gondwana in the Ordovician during the Famatinian Orogeny (Ramos et al., 1986;
Astini et al., 1995; Keller, 1999; Thomas et al., 2015). Previous work in the northern Eastern
Precordillera (~30°S) identified the controlling structure as a hybrid thin- and thick-skinned
triangle zone, where the Central Precordillera represents an east-verging, thin-skinned thrust
system and the Eastern Precordillera represents a west-verging basement-involved thrust linked to
the Sierras Pampeanas (Zapata and Allmendinger, 1996; Mardonez et al., 2020). The west-verging

thrusts of the southern Eastern Precordillera (atthe Rio San Juan section) have been interpreted as



a back-thrust zone to the Argentine Precordillera, likely reflecting reactivation of older reverse

faults within the Eastern Precordillera (Von Gosen, 1992; Meigs et al., 2006).

The Bermejo foreland basin is structurally partitioned by the Sierras Pampeanas, which are
predominately north trending ranges uplifted along moderately to highly dipping basement-
mvolved thrusts (Gonzalez Bonorino, 1950; Ramos et al., 2002). The western Sierras Pampeanas
include Sierra Valle de Fertil and Sierra Pie de Palo, which place Precambrian-Ordovician igneous
and metamorphic rocks against Neogene foreland basin deposits (Ortiz et al., 2015; 2021). The
Mesoproterozoic basement assemblages exposed throughout the Sierras Pampeanas record poly -
phase deformation attributed to Pampean (555-515 Ma) and Famatinian (495-460 Ma) orogenesis
during accretion of Laurentian terranes to the Gondwanan margn (Casquet et al., 2001; Ramos,
2004; Mulcahy et al., 2011; 2014; Tholt et al, 2021). Low temperature thermochronology and
broken basin record from the western Sierras Pampeanas ranges record Andean deformation
around 5 Ma (Ortiz etal., 2015; 2021; Capaldi et al., 2020). Presence of older Permian-Cretaceous
cooling ages could be a result of protracted and limited cooling in the last 20 Myr or the existence
of topographic relief prior to reverse faulting and flattening of the Nazca slab during the Andean
Orogeny (Ortiz et al., 2015; 2021). The Eastern Precordillera and Sierras Pampeanas domains
remain active today (Meigs et al., 2006; Ortiz etal., 2015, 2021; Rimando and Schoenbohm, 2020)
evident by high seismic activity in the surrounding regions (Alvarado and Beck, 2006; Hartzell,
1996; Ortiz etal., 2015; Verges etal., 2007). The seismic activity in this region has resulted in the
most devastating earthquakes in Argentina history (Alvarado and Beck, 2006; Langer and Hartzell,

1996).

The Bermejo foreland basin lies between the Precordillera fold-thrust belt and Sierra Valle

de Fertil and can be divided mto: (1) northern Bermejo basin which lies north of 31° S and includes
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the previously studied Huaco (Johnson et al., 1986; Jordan et al., 2001, Fosdick et al, 2015) and
Mogna (Milana et al., 2003; Capaldi et al., 2020) depocenters, and (2) southern Bermejo basin,
situated south of 31° S and includes the newly studied Ullum (Bercowski et al., 1987; Contreras
etal, 2019) and Villicum depocenters (Fig. 2). The Villicum section is an outcrop belt exposed
along drainages off of Sierra Villicum, north of La Laja. The section was measured utilizing three
to five-meter-high outcrops exposed within small incised stream channels. The Ullum section is
well exposed along the Rio San Juan downstream of the Ullum Reservoir (Fig. 2), northeast of the
City of San Juan and was able to be measured nearly continuously along strike. The Neogene
stratigraphy of the Villicum and Ullum sections defines a regional angular unconformity with the
underlying Paleozoic rocks (Silurian El Rinconada Formation at Villicum and Cambrian La Lajas
Formation at Ullum; Fig. 2). Exposure and land accessibility became difficult to navigate near the
top of the measured sections and therefore stratigraphic thicknesses presented likely do not
represent true stratigraphic thickness. Estimated true thicknesses of both stratigraphic sections is

roughly 1800 meters.
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3. SEDIMENTOLOGY

Two new stratigraphic sections in southern Bermejo (Villicum and Ullum) are the focus of
this study, with an emphasis on correlation to northern Bermejo sections with existing published
datasets (Fig. 3). New sedimentological constraints from the Villicum and Ullum depocenters are
expected to reveal changes in foreland depositional environments, sediment provenance, and
accumulation rates as the retroarc region was structurally partitioned by Andean ranges. Southern
Bermejo stratigraphic sections consist of the Miocene Lomas de las Tapias Formation comprised
of the Limolita la Colmena and Arenisca Albardon Members, the Mogna Formation, and the El
Corral Formation (Fig. 3; Bercowski, 1987; Contreras et al, 2019). The Limolita la Colmena
Member correlates with the upper half of the Quebrada del Jarillal Formation and the Arenisca
Albardon Member correlates with the Huachipampa, Quebrada del Cura, and Rio Jachal

Formations of northern Bermejo (Fig. 3; after Johnson et al., 1986; Milana et al., 2003).

To assess depositional processes and environments, lithological descriptions, bed
thicknesses, facies, and sedimentary structures were described at the decimeter scale in the field.
Lithofacies are modified after Miall (1978) and are available in Table 1 along with depositional
environment interpretations. Paleoflow directions were determined from imbricated conglomerate
clasts (n=15) from localities within the Ullum and Villicum sections (Appendix B). Imbricated
conglomerate clast measurements were then corrected for bedding dip using the Stereonet 11
program (Allmendinger, 2012). Mean azimuthal vectors were calculated using the GeoRose

software and plotted as paleoflow direction at corresponding stratigraphic heights.

Pebble to boulder sized conglomerate clast compositional data were collected from eight

locations within the Villicum section and nine locations within the Ullum section (Fig. 4; Table 2
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and 3; Appendix A). Clasts were divided into seven categories: (1) felsic volcanic rocks of
Permian-Triassic rhyolite suite consisting of maroon, brown, and red andesite, dacite, and rhyolite
volcanic rocks and gray volcaniclastics; (2) felsic intrusive rocks consisting of granitic to
granodiorite compositions; (3) mafic to intermediate volcanics consisting of green to gray
andesites, and black phenocrystic basalts; (4) meta-sedimentary rocks consisting of green to tan
metamorphosed sandstone and siltstone from Silurian-Devonian strata; (5) brown, gray, and red
silt- and sandstones; (6) metamorphic lithologies including amphibolite gneiss, schist, marble, and
vein quartz from Precambrian-Ordovician basement; and (7) black chert, blue-gray limestone, and
dolomite that are derived from Paleozoic carbonates, which are only observed at the base of the

Villicum section.
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3.1. Miocene Lomas de las Tapias Formation: Limolita la Colmena Member

The approximately 325-meter-thick Limolita la Colmena Member of the Lomas de las
Tapias Formation sits unconformably on the Cambrian La Lajas Formation at Ullum and the
Silurian El Rinconada Formation at Villicum (Fig. 2). Limolita la Colmena largely consists of <5
to ~20 meters of thickly-bedded mud- to siltstones (Fr; Facies 1) and thin <I meter up to ~5 meters
thick interbedded very fine to medium grained sandstones (F/; Facies 2) that are more commonly
found near the top of the member. There are several occurrences of ~1-meter-thick granule-pebble
conglomerate units within the member which provide opportunity for paleoflow and conglomerate
clast measurements. The Limolita la Colmena Member is generally an upward-coarsening
sequence with facies becoming both sandier/coarser and thicker up-section. Within the Limolita
la Colmena Member, abundant gypsum and carbonate nodules (P), on the scale of <5 cm are
observed within the mud-siltstone units. At the Villicum section, gypsum is also present in vast
vein networks (~1-5 cm) spanning entire mudstone beds of ~3-5 meters in thickness (Fig. 5a). The
member is heavily mottled, displaying irregular coloration with frequent occurrences of
bioturbation and root structures throughout, and minor occurrences of desiccation structures (£,
Fm; Fig. 5b and 5¢). In Villicum, the Limolita la Colmena member also displays mud rip-up clasts,
which was not noted at Ullum. Sandstones within the member display minor ripple structures and

fine (cm-scale) planar lamination (FY).

Paleocurrent data collected on imbricated clasts in the Limolita la Colmena Member show
a south-southeast trend from measurements collected n Ullum and a southeast trend from Villicum
(Fig. 4). Conglomerate clast composition of the Limolita la Colmena Member in the Ullum section
is dominated by felsic volcanic rocks (47%), metasedimentary rocks (27%), and mafic volcanics

(19%). The remaining 9% of clasts consist of minor portions of felsic intrusives and crystalline
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basement rock lithologies. In the Villicum section, the base of the Limolita la Colmena member
shows local mnput of underlying Paleozoic carbonate lthologies, representing 81% of clast
composition. The remaining 19% consists of metasedimentary clasts. In the upper-section of the
member, the Villicum section displays similar trends to Ullum with the dominating lithologies

being: felsic volcanics (50%), mafic volcanics (~30%), and metasedimentary rocks (~15%).

The Limolita la Colmena Member has previously been interpreted to represent a playa lake
depositional environment (Bercowski et al., 1987; Contreras et al., 2019). The observed upward
coarsening sequence, with massive reddish muds that grade into thicker sand channels could
further indicate a flood-plain environment (Limarino etal, 2001). Additionally, there are distinct
fluvial signals within the Limolita la Colmena Member, represented by the upward thickening
packages of laterally continuous sandstones which may indicate unconfined flow in a floodplain,
e.g. crevasse splay facies (Horton and DeCelles, 2001). The observed stratigraphic trend of playa
lake/paleosol mud-siltstones overlain by fluvial sandstone channels may suggest avulsion of
channels within this distal floodplain environment (DeCelles et al., 1998; Horton and DeCelles,
2001). The presence of playa lake-floodplain facies with a distinct fluvial signature may be
indicative of a developing fluvial megafan sequence in which the Limolita la Colmena member
represents the furthest reaches of an eastward migrating system (e.g. Horton and DeCelles, 2001;

Lawton etal., 2014).

3.2. Miocene Lomas de las Tapias Formation: Arenisca Albardon Member

Arenisca Albardon is the uppermost member of the Lomas las Tapias Formation,
conformably overlies the Limolita de la Colmena Member, and is ~775 and ~1050 meters thick at
Ullum and Villicum, respectively. Arenisca Albardon contains packages of bioturbated and

occasionally desiccated mud-siltstones (Fr, Fm,; Fig. 5c) overlain by laminated and minorly
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rippled fine to coarse grained sandstones (F7). Mud-siltstones rarely contain gypsum/carbonate
nodules as seen in the Limolita la Colmena Member. Recurring mudstone-sandstone sequences
range from 0.25 to 5 meters thick (facies 3). Also significant in the Arenisca Albardon Member
are frequent very fine to very coarse sand bodies which display trough and planar cross bedding
(St, Sp, Fig. 5g) and planar laminae (FY) (facies 4). These sand bodies typically outcrop as multi-
story sandstone beds and display flat channel bottoms that are laterally continuous. Granule to
pebble clasts are locally present within sandstone beds as floating clasts and occasionally define
cross-strata structures (Fig. 5g). Within this sequence there is a notable increase in granule-pebble
conglomerate beds which display planar-trough cross stratification and imbricated clasts (Gp, Gt,
Gh). Conglomerate beds are typically interbedded within the sandstone bodies of facies 4 or within
upward fining sequences where thin conglomerate beds are overlain by the sandstone and siltstone
units of facies 3 (<5-meter packages). The Arenisca Albardon Member is composed of repeated
fining upward sequences of finer-gramed mud-silt-sandstone packages (facies 3) and laterally
continuous cross-bedded sand bodies with interbedded conglomerate beds (facies 4) on scales

ranging from 5 up to 50 meters (Figs. 5d and 5h).

Paleocurrent measurements from imbricated conglomerate clasts in the Arenisca Albardon
Member record south-southeast paleoflow from Ullum sites and eastwardpaleoflow from Villicum
sites (Fig. 4). Conglomerate clast compositions in the Ullum section record a notable decrease in
the input of felsic volcanics from 45% at the base to 36% at the top of the member. The percent
composition of metasedimentary clasts increase up-section, reaching a maximum of 53% at 525
meters and then steadily declining to 32% at the end of Arenisca Albardon deposition. Mafic
volcanics drop to a minimum of 8% coeval with maximum metasedimentary input, and then

stabilize around 16% near the top of the member. Within the Villicum section, felsic volcanic
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compositions initially increase from 52% to 63% at the base of the member and then decrease to
48% at the top. At this time, metasedimentary clasts steadily increase to 46%, becoming more
dominant than mafic volcanics, which decrease to <5% at the end of Arenisca Albardon deposition.
Both section locations display low abundances (<10%) of felsic intrusive, brown-red-tan silt-

sandstones, and basement rock clasts.

The Arenisca Albardon Member represents an increasingly fluvial environment where the
dominant thick, cross-bedded sandstones signify deposition in broad braided river channels and
the bioturbated, mottled mud-silt-sandstones represent overbank deposition of finer grained
sediment (Miall, 1977; Ciccioli etal., 2018). The laterally continuous flat channel bottoms noted
consistently in the multi-story sandstone beds (facies 4) imply no significant incision into adjacent
floodplain deposits, indicative of channel avulsion rather than migration (Horton and DeCelles,
2001). Further, the preservation of thick sandy (flat-bottomed) channels interbedded with overbank
facies consistently repeated throughout the Arenisca Albardon Member suggests a lack of channel

stability over time and is typical of ancient fluvial megafan sequences (Horton & DeCelles 2001).

3.3. Pliocene Mogna Formation

The Pliocene Mogna Formation conformably overlies the Lomas de las Tapias Formation
and is ~300 to 325 meters thick in southern Bermejo depocenters. The Mogna Formation largely
consists of pebble to cobble conglomerates (facies 5) that are moderately-sorted, contain fair to
well-rounded clasts and are typically clast-supported (Gh). Conglomerate beds also contain
imbricated clasts and planar-cross beds (Gp, Gh; Fig. 5f). Thin beds of siltstone to very coarse
sandstones typically overly the more abundant conglomerate facies and define upward fining
sequences ranging from 2 to 20 meters thick (Fig. 5i). Siltstones display minor bioturbation (F7r)
and sandstone beds show minor trough-cross to inclined bedding and occasionally preserve meter
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scale scour and fill structures infilled by conglomerates (Ss, S/). Sandstone-pebble conglomerate

channel bodies most commonly preserve planar bases.

Paleoflow data from the Mogna Formation collected on imbricated conglomerate clasts
from southern Bermejo depocenters records south-southeast to southeast sediment dispersal.
Within the Mogna Formation at Ullum, felsic volcanic rocks remain a steady contributor of
conglomerate clasts at ~35% and mafic volcanic clasts reach a maximum in the upper Mogna
Formation at 22%. Metasedimentary clast input increases slightly to 37%, while brown-red-gray
silt-sandstones decrease from their maximum at the end of Arenisca Albardon deposition to 4%.
In the Villicum section, felsic and mafic volcanics increase slightly, to 53% and 10% respectively.
Metasedimentary contribution decreases to 30% and the remaining categories (felsic intrusives

and basement lithologies) remain at <10% composition.

The Mogna Formation is interpreted to represent a gravel-dominated braided fluvial
environment based on observations of internally upward fining cycles of conglomerate and coarse
sandstone capped by silty mudstones (Miall, 1977, 1985; Ciccioli etal, 2018; Capaldi et al., 2020).
This broad braided river is interpreted to represent the main channel of the fluvial megafan system
that is continuing to migrate eastward at this time due to deformation in the hinterland, based on
observations of planar channel bases and continuation of overbank facies preservation (Horton and
DeCelles, 2001). Up-ward coarsening successions, as seen in both Villicum and Ullum, where
ephemeral lake systems grade into sandy to coarse conglomerate avulsing channel deposits with
interbedded overbank/crevasse splay facies, record progradation of a fluvial megafan as the
adjacent fold-thrust belt (Precordillera) advances eastward (Horton and DeCelles, 2001; Lawton

et al, 2014).
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3.4. Pliocene El Corral Formation

The Pliocene El Corral Formation rests conformably on the Mogna Formation and was
locally measured to 60 and 125 meters thick at Vilicum and Ullum, respectively. Based on
estimated true thickness of the southern Bermejo sections, the El Corral Formation may have an
actual thickness up to 300 meters (see section 2). The El Corral Formation is dominated by pebble
to cobble conglomerate lithofacies with occasional floating boulder-sized clasts (Gem), and is
matrix to clast supported, poorly sorted and structureless (Gem, Fig. 5e). The conglomerate units
are interbedded with thin (0.5 to <5 m) beds of siltstone (near the base) and medium to coarse

grained sandstone (up-section; FI/-Sm), defining upward fining packages from 5 to 20 meters thick.

Paleocurrent data collected on imbricated clasts at both southern Bermejo depocenters from
the El Corral Formation produce east-southeast to southeast paleoflows. Conglomerates of the El
Corral Formation in Ullum are dominated by metasediments (48%). Felsic volcanic rock mput
remains steady at ~30% and mafic volcanic clasts decreased slightly to their average around 16%.
Felsic intrusive rocks, brown-grey-red silt-sandstones, and basement rocks individually contribute
<5%. In Villicum, the El Corral Formation is similar to that of Ullum with 42% felsic volcanic
mput and 40% metasedimentary rock input. Felsic intrusives reach a maximum at this point of

10% while mafic volcanics remain steady around ~8%.

The poorly sorted, structureless pebble-cobble conglomerate facies of the El Corral
Formation are interpreted as gravelly debris flows and late-stage sandy hyperconcentrated flow on
an alluvial fan (Nemec & Steel, 1984; Horton & Schmitt, 1996; Perez & Horton, 2014). The El
Corral debris flow deposits are interbedded with fluvial silt-sandstone units (braided river channels
seenin the Arenisca Albardon Member) and are likely signaling the increase in energy associated

with the approaching topography of the Precordillera thrust-front towards the foreland.
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structureless cobble-dominated conglomerate (Gem) of the El Corral Formation at Ullum. (f) Imbricated and slightly
cross-bedded pebble conglomerates (Gp, Gh) of the Mogna Formation at Ullum. (g) Cross -bedded sandstone (St, SI)
of the Arenisca Albardon Member at Ullum incorporating coarser-grained sediment, at Ullum. (h) Crevasse splay
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Table 1

Facies and interpretations for southern Bermejo basin deposits

Facies

Lithofacies

Description

Occurrence

Interpretation

1 Fr, P

2 Fl, Fr, Fm,
Gp

2 Fr, Fm
Fl

4 Fl, St, Sp
Gp, Gh
Gt

5 Gh, Gp, Fr
Ss, Sl1

6 Gem, Fl
Sm

Table 1:Facies and interpretations for southern Bermejo basin deposits.

Massive reddish mud-siltstones. Mottled, bioturbated,
common carbonate and gypsum nodules/veining.

Massive red-tan mud-siltstones grade into very fine to
medium grained, laterally continuous and minorly rippled
sandstones. Mud-silts are bioturbated and desiccated.

Bioturbated and ocasionally desiccated mud-siltstones
overlain by laminated, minorly rippled fine-coarse
sandstone.

Very fine-very coarse cross bedded and laminated
sandstones. Laterally continuous with flat channel
bottoms.Cross bedded and imbricated granule- pebble
conglomerates.

Granule-cobble coglomerates that are moderately sorted,
fair-well rounded, and clast supported. Fines upwards into
silt-sandstones. Preserved flat channel bottoms.

Pebble-cobble conglomerate with occasional floating
boulder clast. Matrix-clast supported, poorly sorted,
and structureless.
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4. DETRITAL ZIRCON U-PB GEOCHRONOLOGY

We collected 14 sandstone samples within the measured stratigraphic sections (Fig.4) and
an additional 2 sandstone samples (ULLO1 and VILO1) not in the stratigraphic sections (Fig. 2;
Appendix E). We targeted medium-grained sandstones for zircon U-Pb geochronology to
determine maximum depositional ages of Neogene units, and to constrain changes in sediment
provenance during uplift and erosion of Andean ranges. Zircon is a highly refractory mineral that
incorporates high concentrations of U combined with low amounts of initial Pb providing precise
age controls for the crystallization of intermediate to felsic igneous rocks and high- grade

metamorphic rocks (Gehrels, 2014; Rubatto, 2017).

4.1. Methodology

Zircons were extracted from sandstones using standard separation procedures including
crushing, grinding, water table, heavy liquid density, and magnetic susceptibility. Zircon grains
were handpicked using an optical microscope, targeting non-broken, inclusion-free grains, and
were mounted on double sided tape on 2.5 cm diameter epoxy resin mounts. Zircon grains were

chosen randomly for analysis by laser-ablation-inductively coupled plasma-mass spectrometry

(LA-ICP-MS) to obtain zircon U-Pb ages.

At the University of Texas at Austin UTChron laboratory sample mounts were loaded into
a large-volume Helex sample cell and ablated using a PhotonMachine Analyte G.2 excimer laser
for analysis with a single-collector, magnetic sector Element2 ICP-MS (Capaldi et al., 2021).
Corrections for depth dependent, elemental and isotopic fractionation were performed using zircon

standard GJ1 (600.4 + 0.1 Ma; Jackson et al, 2004). Secondary standards were analyzed
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periodically to verify the accuracy of the analyses; these included the Plesovice zircon (PL-1;337.2

+ 0.4 Ma; Slama etal., 2008) and Pak-1 (43.03 Ma; in-house standard).

Atthe Nevada Plasma Facility Lab at the University of Nevada, Las Vegas, sample mounts
were loaded into a TwoVol 1 ablation cell and ablated using an ESI 193 nm NWR193 excimer
laser for analysis with a Quadruple collector ThermoFisher Scientific TM iICAP ICP-MS (Garzanti
et al, 2022). Corrections for depth-dependent, elemental and isotopic fractionation were
performed using zircon standards FC1 (1099 + 0.5 Ma; Paces and Miller, 1993) and secondary
standards Plesovice (PL-1; 337.2 + 0.4 Ma; Slama et al.,2008) and Fish Canyon Tuff (28.4 + 0.02

Ma; Schmitz and Bowring, 2001).

Zircon analyses were reduced using the VizualAge™ workflow i the Iolite™ plugin for
Igor Pro™ (Paton et al., 2011; Petrus and Kamber, 2012). Zircon U-Pb ages and 2c errors are
reported for analyses with <10% 2°°Pb/238U uncertainties, <20% discordance, and < 5% reverse
discordance. Reported values for grains < 1200 Ma are 20Pb/238U ages with 20Pb/238U vs.
207pp/235U discordance, whereas values for grains > 1200 Ma ages are 207Pb/20%Pb ages with
206pp/238U vs. 207Pb/296Pb discordance. Miocene zircons (<23 Ma) were expanded to incorporate
ages with < 20% 206Pb/238U uncertainties and < 50% discordance 20°Pb/238U in order to prevent
biasing due to exclusion of young grains with higher 207Pb and associated calculated 207Pb/235U

ages that are systematically older than measured 20Pb/238U ages (Appendix E).

Results for individual samples are arranged in stratigraphic order and are represented as
kernel density estimations (KDEs; with a set bandwidth of 20 M.y.) with histogram age bins (Figs.
6, 7, 8) and plotted using IsoplotR (Vermeesch, 2018). Comparison among sandstone samples U-

Pb age distributions was accomplished by visual inspection of the relative abundance of age
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groups. Additional DZ U-Pb age distributions comparison was established through metric
multidimensional scaling (MDS) plots to identify greater similarity for samples that cluster
together and less similar for those that plot farther apart. Metric squared MDS is applied by
constructing a pairwise dissimilarity matrix of detrital age distributions among the sandstone
samples using R? cross-correlation coefficient. Metric squared MDS plot and results were created
using the program DZmds (Saylor etal, 2018). Detrital zircon samples from the Andean foreland
deposits from the Ullum and Villicum sections were compared to each other and to previously
published data from Huaco section (Fosdick etal., 2015; Amidon etal., 2017) and Mogna section
(Capaldi et al., 2020) using a three-dimensional (3D) MDS plot. The misfit from conversion of
sample dissimilarity to disparity i Cartesian space via linear transformation gives a good

correlation as indicated by a low stress minimum (0.08).

4.2. Maximum Depositional Ages

A maximum depositional age for the 16 sandstone samples was derived from the calculated
weighted mean age of the youngest grain cluster overlapping by 20 concordant U-Pb ages
(following approaches established by Dickinson and Gehrels, 2009; Coutts etal., 2019). In cases
where two or more grains do not overlap by 2o, the youngest single grain was selected as the
maximum depositional age (Tables 4 and 5; Appendix C) and plotted at the corresponding

stratigraphic level (Fig. 4).

Most Cenozoic sandstone samples contain young age populations broadly consistent with
previous age assessments (Milana et al., 2003; Capaldi et al., 2020). Collectively, samples from
the retroarc basin system show a systematic up-section decrease in maximum depositional age,

with the exception of sample ULLO8 (8.3+ 0.1 Ma) from El Corral Formation in the Ullum section
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(Fig. 4). On the basis of the internal consistency and stratigraphic coherence, the calculated

maximum depositional ages are regarded as viable approximations of stratigraphic age.

4.3. Detrital Zircon Age Components

Here we describe five diagnostic age groups representative of sediment provenance
signatures recorded by detrital zircon U-Pb analyses from oldest to youngest:
L. Proterozoic zircon ages (~925-1450 Ma) ages include a 1350-1450 Ma age component
recycled from Cambrian-Ordovician strata unique to the Laurentian-derived Cuyania terrane
presently exposed along the Eastern Precordillera (Ramos et al., 1986; Thomas et al., 2015; Martin
et al, 2019). Dominant 925-1200 Ma zircon age components are sourced from numerous Sunsas
metamorphic basement units that outcrop presently across the western Sierras Pampeanas and are
ubiquitous in most Ordovician to Permian sedimentary sequences deformed within the central
Precordillera (Ramos, 2004, 2009; Bahlburg et al., 2009; Rapela et al., 2016).
2. The Eastern Sierras Pampeanas (515-725 Ma) age group is composed of a minor 725-550
Ma age component initially recycled from sourced metasedimentary rocks (Puncoviscana
Formation) and a dominant Ediacaran-Cambrian 515-550 Ma age peak originally from evolved
igneous-metamorphic rocks of the Pampean magmatic arc presently found in Sierra Cordoba
(Schwartz et al., 2008; Rapela et al., 2016). The Eastern Sierras Pampeanas (515-725 Ma) age
group zircons are commonly recycled from Carboniferous to Permian sedimentary sequences
found in the central Precordillera fold-thrust belt (Fosdick etal., 2015; Capaldi etal., 2017; 2020).
3. The Western Sierras Pampeanas (380-510 Ma) age group is derived from sources throughout
the western Sierras Pampeanas involving 440-505 Ma Famatinian continental arc rocks (Ducea et
al, 2010; Otamendi et al, 2017; Rapela et al, 2018) and subsequent 385-435 Ma aged

metamorphic assemblages associated with accretion of the Cuyania terrane (Coira et al., 1982;

29



Astini et al.,, 1995; Martin etal, 2019). Recycled western Sierras Pampeanas 380-510 Ma DZ age
components are derived from Carboniferous-Permian sedimentary units in the Precordillera fold-
thrust belt and Carboniferous-Triassic sedimentary sequences overlying western Sierras
Pampeanas uplifts (Capaldi etal., 2017).

4. Late Carboniferous-Triassic zircon ages (225-330 Ma) are derived from mtrusive and
volcanic rock sources throughout the Chilean Coastal Cordillera, Frontal Cordillera, and Principal
Cordillera. These rocks include the 290-310 Ma Elqui-Limari and the Colanguil batholiths
(Maksaev et al., 2014; Herve et al., 2014; del Rey et al., 2016), and 240-280 Ma granitoids and
silicic volcanics of the Choiyoi igneous province (Mpodozis and Kay, 1992; Kleiman and Japas,
2009; Sato et al., 2015).

5. East-dipping subduction generated the Jurassic to Cenozoic Andean magmatic arc (0-200
Ma), which is defined by north-trending belts involving principally granite/granodiorite ntrusions
and andesite flows. These belts show a systematic eastward decrease in age, from Jurassic (200—
165 Ma) and Cretaceous (130-90 Ma) rocks along the Chilean coast, to Paleocene— Eocene (67—
38 Ma) and Eocene— Oligocene (27-18 Ma) units along the western flank of the Principal
Cordillera, and finally Miocene (17-4 Ma) volcanic rocks in the eastern Principal Cordillera,
Frontal Cordillera, and Argentine foreland (Kay et al., 1991; Haschke et al., 2006; Jones et al.,

2016; Capaldi et al., 2021).

4.4. Detrital Zircon Age Results
Detrital zircon U-Pb age distributions from 14 sandstone samples from the Villicum and
Ullum stratigraphic sections indicate ~7 million years of deposition and are plotted based on

depositional age from old to young (bottom to top; Fig. 6). Distinctive age signatures from the five
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diagnostic age groups are highlighted in color bars and relative percent contributions are plotted
as ring diagrams (Fig. 6), and a summary of results will be discussed in the following paragraphs.

Samples from the Villicum stratigraphic section display an overall upsection increase in
both Western and Eastern Sierras Pampeanas (early Paleozoic arcs) and Proterozoic basement age
components during deposition from 13.3 to 5.7 Ma. All of the Villicum samples contain a
significant amount of Andean Arc age grains ranging from 23-60%. Andean Arc age components
show an mitial decrease from 60% to 33% between 13.3 and 10 Ma. Andean Arc grains then
increase and peak at 54% in the 7.6 Ma aged sample (VILE09), and then begin to decrease,
reaching a minimum iput of 23% at the top of the Villicum section (VILE11). Late Carboniferous
to Triassic zircon age components are prevalent from 12.8-5.7 Ma, displaying two notable pulses
around 10 Ma (~40%) and 6.4 Ma (~20%). Western Sierras Pampeanas age components represent
minor contributions throughout deposition of Villicum, showing an overall upward trend from
<1% at the base of the section (VILE04) to ~9% at the end of deposition (VILE11). Eastern Sierras
Pampeanas zircon inputs follow roughly the same trend as those of the Western Sierras Pampeanas,
increasing from 0% at the start of deposition to a maximum of 18% at the top of the section.
Proterozoic basement age components represent 28% of zircon composition at the base of the
section in the 13.3 Ma aged sample, then show an initial decrease- reaching a minimum of 8% in
the 8.7 Ma aged sample (VILEOS). Proterozoic inputs then steadily increase and represent 24% of
detrital zircon composition at the top of the section (VILE11).

Detrital zircon age distributions in the Ullum stratigraphic section reveal similar trends to
those of Villicum, but evidently have a more complex history in terms of provenance signatures.
Contribution of Andean Arc age components are notable in every sample, ranging from 14% to

44%, with no observable pattern in terms of Andean Arc mput throughout the duration of
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deposition. Late Carboniferous-Triassic aged grains represent a more consistent and dominant
source of zircon grains for the Ullum section. There are two notable increases in Late
Carboniferous-Triassic age components observed in the 10.1 Ma sample (ULL04) with 55% and
at the top of the section (<6.5 Ma; ULLO08) with 32%. These increases in Carboniferous-Triassic
age components are also observed in coeval deposits in the Vilicum section (Fig. 6). Western
Sierras Pampeanas age components display an up-section decrease in relative contribution, from
29% in the 13.1 Ma aged sample (ULL02) to 7% in the two uppermost samples of the section
(ULLO7 & ULLOS). Eastern Sierras Pampeanas aged zircon contributions are <10% in 4 lowest
samples (ULL02-ULLO5) and reach a maximum of 16% in the 6.8 Ma aged sample (ULL06), and

then decrease to 10% at the top of the stratigraphic section.
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Figure 7: Comparative plot of detrital zircon U-Pb age distributions for sandstone samples. Distributions depicted
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Maximum Depositional A ge Calculations
Youngest grain
clusterat 26 (YGC 20)

sample age error % disc

ULLO02 12.7 1.4 0.3
13.0 1.1 12.4
13.0 1.9 38.6
13.3 2.5 5.8
13.4 1.3 13.6
13.4 1.9 23.5
13.1 0.2
10.5 1.3 443

ULLO3 10.5 0.6 0.4
10.8 0.7 12.8
11.2 0.8 3.7
11.3 0.9 17.0
10.9 0.3
9.0 1.5 38.0

ULLO4 10.6 1.7 48.1
10.8 2.0 42.2
10.1 0.8
7.8 0.7 16.0

ULLO5 7.9 13 26.5
8.0 0.9 39.6
8.1 1.4 46.8
8.4 0.9 5.6
8.0 0.2

ULL06 6.8 0.9 15.3

ULLO7 6.5 04 15.7

ULLOS 8.2 1.4 42.5
8.3 1.4 24.1
8.3 1.6 34.8
8.3 0.0

Table 4: Maximum depositional ages for Ullum samples using youngest graincluster at 2¢. In cases where three or
more grains do no overlap we rely on youngestsingle grain (shown in AppendixC). Stratigraphic heightofsample

collection show on figure 4a.
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Maximum Depositional A ge Calculations
Youngest grain
clusterat 26 (YGC 20)
sample age error % disc sample age |error % disc
12.8 0.8 5.3 7.1 0.8 24.5
13.6 1.7 13.4 72 |10 19.7
VILE04 13.6 1.0 18.6 VILEO9 74 (0.8 44.2
133 0.4 75 |09 14.6
12.4 0.8 9.0 7.5 (0.8 29.4
VILEOS 12.4 1.0 1.7 7.6 |13 16.5
12.8 0.8 11.2 7.6 109 17.4
12.8 2.5 14.1 7.7 109 35.2
12.8 1.0 8.4 80 0.6 34
13.2 0.8 7.4 80 [1.0 33.9
13.2 1.5 17.0 82 0.8 1.8
12.8 0.3 7.6 03
10.0 0.6 2.6 VILE10 64 (04 7.7
VILEO7 10.0 0.5 14.1 VILE11 5.7 10.6 384
10.0 0.0
8.3 0.8 4.8
8.4 0.5 14.7

VILEO 8.7 1.2 0.0

8.7 0.8 29.6

8.7 0.4 11.8
8.8 0.9 7.9
8.8 0.4 11.7

8.9 0.9 33.5
9.0 0.7 13.3

8.7 0.2
Table 5: Maximum depositional ages for Villicum samples using youngest grain clusterat 2c. In cases wherethree
or more grains do no overlap we rely on youngest single grain (shown in appendixC). Stratigraphic heightof
sample collection show on figure 4b.
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5. APATITE (U-TH)/HE THERMOCHRONOLOGY

We conducted detrital apatite (U-Th)/He thermochronologic analyses (AHe) to track the
timing of tectonic and/or erosional exhumation i the Eastern Precordillera. We collected 7
sandstone samples from the Mogna, Villicum, and Ullum stratigraphic sections (Fig. 2). Samples
were targeted from basal deposits along each stratigraphic section, which are expected to record
the highest degree of thermal resetting due to burial of overlying basin sediment. AHe
thermochronometry relies on the temperature-dependent retention and diffusive loss of alpha
particles (*He) during the radioactive decay of U, Th, and Sm (Farley, 2002). The AHe system is
characterized by its relatively low closure temperature that ranges between ~30-90°C depending
on radiation damage accumulation in the crystal (Shuster et al., 2006; Flowers et al, 2009),
corresponding to exhumation from ~1—4 km depth assuming a geothermal gradient of 20—-26°C/km
in the Sierras Pampeanas continental crust (Sobel and Strecker, 2003; Ldbens et al., 2013; Collo
et al, 2017). Exhumational cooling is often delayed after tectonic activity, and
thermochronometric data cannot directly quantify fault activity/uplift, but if cooling is linked to
fault-induced displacement and enhanced erosion, AHe ages may serve as a proxy for

deformational timing (Ault et al, 2019; Mackaman-Lofland et al, 2020; 2022).

5.1. Methodology

Standard mineral separation was conducted on seven Miocene sandstone samples from
foreland deposits exposed along the Eastern Precordillera, which included crushing, grinding,
water table, heavy-liquid density, and magmatic susceptibility separations. Apatite grains were
handpicked using an optical microscope, targeting non-broken, inclusion-free grains and were
measured to calculate the alpha ejection correction factor (Farley, 2000; Elhers & Farley 2003).

Single apatite grains were packed into platinum tubes, heated with a diode laser for 10 minutes at
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1070° and repeatedly reheated until the “He yield dropped to <1% to ensure complete degassing.
Extracted gas was spiked with a 3He tracer, cryogenically concentrated and purified, and measured
with a noble gas quadrupole mass spectrometer at the University of Texas at Austin UTChron
laboratory. Apatite aliquots were dissolved using HNOj-based solution (diluted and purified
MilliQ water to 5% HNOs)spiked with 233U, 230Th, and 4°Sm tracer. Apatite U, Th, and Sm parent
concentrations were measured by isotope dilution-inductively coupled plasma-mass spectrometry
(ID-ICP-MS) analysis with a single-collector, magnetic sector Element2 at the University of
Texas at Austin UTChron laboratory. Durango apatite were analyzed as independent unknowns to
ensure data quality and age accuracy (Boyce & Hodges, 2005). Based on replicate analysis of the
Durango apatite standards, analytical uncertamties for uncorrected AHe ages are estimated at 6%

(20).

5.2. Detrital Apatite Results

AHe dates were compared against maximum depositional ages generated from detrital
zircon U-Pb analysis to ensure that the apatite dates we interpret are younger and therefore reset
cooling ages that have reached temperatures greater than AHe closure-temperature of
~70°C. Only dates younger than the maximum depositional age from corresponding samples are
considered as fully reset and therefore included in our results discussion (Fig. 7). New AHe
analyses of seven sandstone samples from the Mogna, Villicum, and Ullum sections yield mean
apatite grain dates between 2.8 and 6.1 Ma. All samples will be discussed in increasing
stratigraphic order (bottom to top). Reduced (U-Th[Sm])/He data for all samples analyzed is

available in Appendix D.

Four samples were analyzed from the Mogna section that yield mean grain ages between
2.8 £0.17 and 9.6 Ma. Basal sample MGNO8 from Rio Salado Formation produced two aliquots
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younger than the zircon MDA (19 Ma) and reveals significantly dispersed ages of 2.7 + 0.16 Ma
and 16.4 £ 0.99 Ma. Sample MGN 10 yielded four AHe aliquots that are younger than zircon MDA
(11.2 = 1.1 Ma) which yielded AHe grain ages between 3.5 + 0.21 and 7.0 £+ 0.42 Ma with a mean
of 4.7 £ 0.27 Ma. The sample MGNOI produced one aliquot younger than the MDA (7.3 + 0.8
Ma) at 2.8 +£0.17 Ma. Uppermost sample MGNO2 had 3 aliquots ages between 2.1 £0.12 and 5.0
+ 0.3 Ma with a mean age of 3.1 £ 0.17 Ma, all of which are younger than the zircon MDA of 8.2

+ 0.7 Ma.

Two samples were analyzed from the Villicum section that yield mean grain ages of 5.9 +
0.33 Maand 5.5 + 0.29 Ma. All five aliquots from sample VILO1 show grain ages that range from
2.3+0.14 to 7.9 = 0.47 Ma, which are younger than the corresponding zircon MDA of 11.9 + 0.4
Ma. Sample VILEO7 produced four out of five grain ages younger than the corresponding zircon
MDA of 10.0 = 0.6 Ma, suggesting the sample was only partially reset. The sample yielded
relatively dispersed grain ages between 2.4 &+ 0.14 Ma and 9.2 + 0.55 Ma.

One sample was analyzed from the Ullum section with a mean AHe age of 6.1 + 0.32 Ma.
Five of the six aliquots analyzed for ULLOI were younger than the corresponding zircon MDA of
10.6 = 0.2 Ma with AHe ages that range from 2.2 + 0.13 to 8.8 + 0.53 Ma. The dispersed ages

suggest partial resetting of the sample from the base of the thinnest stratigraphic section.
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6. PROVENANCE SYNTHESIS

Here we discuss the stratigraphic trends in paleocurrent measurements, detrital zircon U-
Pb age populations, and conglomerate clast counts and how they may provide insight on erosional
and related regional deformation across the various Andean ranges. Paleocurrent measurements
from the Villicum and Ullum sections both record east-southeast directed sediment dispersal
patterns, which suggest primarily western sediment source regions (i.e. Frontal Cordillera and
Precordillera) during the Miocene and Pliocene. Paleocurrent measurements from the Huaco
section also record southeast to east directed flow (Jordan et al., 2001). In the Mogna section,
paleocurrent measurements from the basal deposits indicate aninitial northwest directed flow that
reversed up-section to an east directed flow throughout the Miocene and Pliocene (Capaldi et al.,

2020).

Both Ullum and Villicum stratigraphic sections incorporate a range of Andean arc aged
zircons (0-200 Ma) from 24% to 60% for the Villicum section and 14% to 43% for the Ullum
section. Itis important to note that >90% of grains within the Andean arc age component are quite
young, mainly falling in the Oligocene-Pliocene (32-4 Ma) time period. Neither of the southern
Bermejo sections display consistent or obvious up-section trends in terms of Andean arc derived
zircons, however, consistent incorporation of these young (Oligocene-Pliocene) grains likely
tracks the eastward propagation of arc magmatism towards the foreland associated with the
migrating flat slab (Kay and Mpodozis 2001; Capaldi et al., 2021). Deposition of Bermejo basin
deposits is coeval with initiation of deformation within the Precordillera, so it must be noted that
these young zircons may be recycled Andean arc grains sourced from deforming/uplifting basin

deposits within the Precordillera.
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Late Carboniferous to Triassic (225-330 Ma) aged zircon grains represent another steady
contributor to Neogene basin fill of the southern Bermejo basin. Arc magmatism and crustal
thickening (associated with input of the Andean arc zircons) was synchronous with deformation
and erosion along the Frontal Cordillera (Fosdick et al, 2017; Buelow et al., 2018; Mackaman-
Lofland et al., 2020). The deformation and associated erosion in the Frontal Cordillera likely
exhumed Choiyoi-Elqui igneous rocks that actedas a significant provenance source to the Villicum
and Ullum depocenters in southern Bermejo basin. There is a notable flux in late Carboniferous-
Triassic zircons, ca. 10 Ma, potentially signaling (1) a pulse of Frontal Cordillera deformation at
this time or (2) recycled zircon input from the actively deforming Cenozoic basin deposits (e.g.
Pachaco, Talacasto, & Albarracin - west of Ullum and Villicum; Levma et al., 2014), which
incorporated significant proportions of Choiyoi-aged zircon grains. Felsic and mafic volcanic
clasts are also steady contributors to the conglomerate units in Bermejo basin, which are diagnostic
of erosion of Paleozoic and Miocene volcanic rocks of the Frontal Cordillera (Jordan etal., 1993).
Volcanic clast compositions range from 66% to 44%, reach maximum iput at ca. 10 Ma, and
generally decrease up-section, likely reflecting initiation of more proximal Precordillera

deformation through time (and therefore less incorporation of Frontal Cordillera derived clasts).

Sierras Pampeanas aged zircons (380-725 Ma) generally increase up-section in the
southern Bermejo sections with the exception of the basal sample at Ullum (ULLO02), which
records anomalously high percentage of Pampean grains at ~40%. This anomaly likely reflects
incorporation of local Paleozoic strata in the earliest stage of basin deposition at the Ullum
depocenter. The up-section increase in Eastern and Western Sierras Pampeanas aged zircon
populations is particularly evident in the Villicum section and is most likely aresult of increased

sediment contribution from the Precordillera associated with unroofing of Paleozoic strata ca. 10
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Ma (Jordan et al., 1993; Fosdick etal., 2015). Proterozoic basement zircons (925-1450 Ma) follow
a similar trend to Pampean zircons - increasing up-section. It is likely that Precordillera
deformation also contributed Proterozoic aged zircons into the basin fill in southern Bermejo basin.
Metasedimentary and red-brown-gray sandstone conglomerate clasts follow similar up-section
trends to Paleo-Proterozoic detrital zircon provenance, generally increasing up-section (with a few
mternal cycles). Metasedimentary and sandstone clasts record Precordillera deformation and
represent the Paleozoic strata being unroofed and subsequently eroded and transported to the
Bermejo basin. Paleozoic conglomerate clast compositions increase from ~30% to ~50% in
southern Bermejo. Deposition of southern Bermejo basin sections is coeval with the initiation of
deformation across the Precordillera and into the western-most foreland, and therefore it is possible
that zircon grains deposited in Ullum and Villicum are recycled from older Cenozoic basins, and

are simply recording that deformational sweep into the foreland (Levina etal., 2014).

6.1. Multidimensional Scaling Plot

We generated a MDS plot to examine the similarity among zircon provenance for each
basin location (Fig. 8). New data from Villicum and Ullum is integrated with published detrital
zircon U-Pb age datasets from the Mogna and Huaco sections (Fosdick et al., 2015; Amidon et al,,
2017; Capaldi et al., 2020). The DZ samples plotted in the MDS exhibit trends that indicate the
positive y-space represents greater abundance of Paleozoic arc and Proterozoic basement aged
zircons; positive X-space represents greater influence of Choiyoi and Elqui arc diagnostic ages;
and negative x-space represents greater incorporation of Andean arc aged zircon grains. Each U-
Pb age distribution is also annotated with the approximate depositional age of the given sample,

adding a time component to the plot (Fig. 8).
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The MDS plot reveals several distinct spatial and temporal trends among the four
depocenters indicating sediment dispersal connectivity or isolation during the foreland basin
development. The samples from the Huaco section (Fig. §; blue) plot further away from the other
three sections, dictated by the strong older Paleozoic arcs and Proterozoic basement source age
component observed in these samples. The cluster of Huaco samples in MDS space suggests that
the Huaco depocenter recorded a unique sediment source that is fluvially disconnected from
southern basin depocenters. This sediment source was likely being fed by recycled Pampean-
Proterozoic zircons during northern Precordillera deformation, signaling a greater contribution of
these grains in the north. The basal Mogna (Fig. 8; red) and Ullum (Fig. 8; yellow) samples also
plot in the Pampean-Proterozoic basement MDS space, suggesting that local Paleozoic and
basement sources that underlie the depocenters were contributing sediment in the initial basin
formation phase. Both the Mogna and Vilicum (Fig. 8; red and green) samples overlap
predominantly in the negative-x MDS space, indicating a shared sediment source dominated by
Andean arc derived grains. The amount of overlap observed between the zircon U-Pb age
distributions of Mogna and Villicum after ca. 10 Ma implies that these sections were fluvially
connected and tapping into an eroding Andean arc source. The dominant young (Oligocene -
Pliocene) aged zircon being sourced to this Neogene basin fill suggest that the fluvial system
feeding Mogna and Villicum was tapping into Cenozoic basins of the Precordillera which began
deforming between 12-9 Ma (Jordan et al, 1993; Levina et al., 2014). The Ullum samples plot
towards the positive x-space, suggesting a system that is more dominated by Carboniferous-
Triassic (Choiyoi & Elqui arc) sources. There is a fair amount of overlap between the Mogna and
Villicum system with Ullum, indicating that these sections experienced similar sediment

provenance histories. However, Ullum experiences a greater influence of sediment nput from the
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Choiyoi and Elqui arcs suggesting that the system feeding into Ullum was fluvially disconnected
from the source feeding Mogna and Villicum. Since sediment was depositing i the Ullum
depocenter at roughly the same time as Villicum (13-6 Ma), this may suggest that the source for
Ullum was a southern Cenozoic basin with a unique depositional history (e.g. Albarracin studied
by Levina et al., 2014) which incorporated significant proportions of Choiyoi-Elqui igneous rocks.
The observed along-strike differences in sediment provenance during Bermejo basin deposition is
a direct result of the along-strike complexities seen within the deforming Precordillera coeval with

deposition in the foreland.
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Figure 9: Three-dimensional multidimensional scaling (MDS) plot of DZ U-Pb age distributions generated for
sandstonesamples using KDE (20 Myrbandwidth) and R2 cross-correlation coefficient test. Lines represent nearest
neighbor (black arrows). Axes are unitless with age distribution datatrends on X and Y axis inferred (black arrows).
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7.BASIN ANALYSIS

Integration of new detrital zircon U-Pb geochronologic time constraints (MDAS) from the
Villicum and Ullum sections paired with published magnetostratigraphic data for the Huaco
(Johnson et al., 1986) and Mogna (Milana et al., 2003) sections allows for a reconstruction of
along-strike sediment accumulation histories of the Bermejo basin (Fig. 9). The stratigraphic age
and thickness data reveal a distinct along-strike difference in sediment accumulation histories in
northern Bermejo (Huaco, Mogna) versus southern Bermejo (Villicum, Ullum). First order
observations show a decrease in stratigraphic thicknesses from north to south. Huaco, at the
northern extent of our study, has a thickness greater than 5 km, while Ullum, at the southern extent,

is less than 2 km thick (Fig. 9).

Sediment accumulation rates can be a useful tool for informing depositional environments,
especially in a foreland basin system with well-defined depositional zones. In the early stages of
deposition in northern Bermejo basin (18-13 Ma), the Huaco and Mogna depocenters record low
rates of sediment accumulation of 38 m/Myr (Huaco) and 75 m/Myr (Mogna). Low sediment
accumulation rates at this time likely signify deposition in the backbulge zone of a foreland basin
system (Flemings & Jordan, 1989; DeCelles & Burden, 1992). Between 13-9 Ma, the accumulation
rate in northern Bermejo increases to 234 m/Myr (Huaco) and 143 m/Myr (Mogna). Sediment
begins to accumulate in southern Bermejo basin at this time with rates of 190 m/Myr in Villicum
and 112 m/Myr in Ullum. Maximum sediment accumulation rates occur between 9 and 5 Ma across
the entire Bermejo foreland basin with observed rates of: 768 m/Myr in Huaco, 463 m/Myr in
Mogna, 338 m/Myr in Villicum, and 263 m/Myr in Ullum. The observed increase in sediment
accumulation rate through time signals a transition into a foredeep depositional zone of the

evolving foreland basin system (DeCelles & Giles, 1996). In the final stage of basin development
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(5-0 Ma), sediment continues to accumulate in Huaco and Mogna until ca. 2 Ma with decreased
rates of 400 m/Myr at Huaco and 281 m/Myr at Mogna. Deposition in the southern Bermejo
depocenters ceased during this stage. These decreased rates of sediment accumulation indicate a
more proximal orogenic wedge and a switch to wedge-top deposition as the topographic front and
associated foreland basin system continues to migrate eastward (Allmendinger and Judge, 2014;

Fosdick et al., 2015; Mardonez et al., 2020; Mackaman-Lofland et al., 2022).

New AHe cooling ages from Mogna, Villicum, and Ullum depocenters along with
published ages from Huaco (Fosdick et al., 2015), reveal two distinct phases of exhumation
associated with exhumation along the Eastern Precordillera (Fig 9; gray bars). Collectively, the
ages show a northward migration in basin cooling that initiates in southern Bermejo ca. 6 Ma
followed by a second pulse at ca. 3 Ma in northern Bermejo. When stratigraphic age, thickness,
and exhumation data are plotted together (Fig. 9), it becomes evident that the termination of
deposition in the northern and southern sections aligns well with mitiation of exhumation in the

Eastern Precordillera.

47



Age (Ma)
20 18 16 14 12 10 8 6 4 2 0

- 7T i - “\[
1000
\
2000 w
A
H
Y
(=3
i)
ﬂ
&
=== Huaco =
== implied history 3000 ©
Paleomagnetic chronostrat ;
(Johnson et al., 1986) &
=
=== Mogna 2
Paleomagnetic chronostrat A
(Milana et al., 2003) Ao B
=== Villicum
DZ U-Pb MDA
Ullum
DZ U-Pb MDA
.. 5000
Average timing of
exhumation
DA (U-Th)/He
6000

Figure 10: Cenozoic sediment accumulation history for Huaco, Mogna, Villicum, and Ullum depocenters in the
Bermejo basin.
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8. DISCUSSION

The combination of stratigraphic (Fig. 4), lithofacies (Table 1), provenance (Figs. 6 and 8),
exhumation (Fig. 7) and accumulation (Fig. 9) histories allows us to provide nsights on Andean
unroofing patterns and the related depositional and deformational variations observed along strike
within the Bermejo basin. We identify four key timesteps in the evolution of the Bermejo foreland
basin: (1) Early to middle Miocene, 18-13 Ma; (2) Middle to Late Miocene, 13-9 Ma; (3) Late

Miocene to early Pliocene, 9-5 Ma; and (4) Pliocene to present, 5-0 Ma (Fig. 10).

8.1. Phase I: Early-Middle Miocene

The early-middle Miocene stage of foreland basin development (18-13 Ma) is concentrated
in northern Bermejo basin with basal depositional ages of ca. 16 Ma and 17 Ma for Huaco and
Mogna, respectively (Milana et al, 2003; Mackaman-Lofland et al., 2022). Early sediment
accumulates at very low rates (<80 m/Myr) in the northern Bermejo depocenters. Phase I records
the initial development of the flexural foreland basin mitiated by the eastward thrust-front advance
across the Precordillera (Fernandez et al, 1996; Jordan et al, 1993; Milana et al.,
2003). Sedimentological analyses of early-middle Miocene strata suggests earlier eolian
depositional environments with a switch to more fluvially dominated systems by the end of phase
I, preserved in the Rio Salado and Quebrada del Jarillal Formations (Fig 3; Fernandez et al., 1996;
Jordan et al., 2001). The southern Bermejo depocenters record no sediment accumulation at this
time, defining a non-depositional zone south of 31°S in Bermejo basin (Fig. 10). Southwest of the
inactive southern Bermejo depocenters (Ullum and Villicum), the Miocene Albarracin basin began
accumulating sediment between ca. 18-16 Ma (Levina et al., 2014; Verges et al., 2001). This
indicates that deposition was occurring south of 31°S, but not in the eastern-most reaches of the

Eastern Precordillera/southern Bermejo basin at Ullum and Villicum. Early to mid-Miocene
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paleocurrent data indicate northwest directed flow for the Mogna section (Capaldi et al., 2020) and
southwest directed flow for the Huaco section (Fosdick et al., 2017), suggesting mitial sediment
sources from the eastern cratonic margin and overlying Carboniferous to Triassic strata. Evidence
of very low sediment accumulation rates of sediments derived from eastern cratonic sources
suggests deposition in the back-bulge depositional zone of a foreland basin system (DeCelles and
Giles, 1996). The lack of sediment accumulation in southern Bermejo during phase I suggests that
either: (1) early exhumation in the Western-Central Precordillera was concentrated north of 31°S,

and/or (2) the southern Bermejo basin remained a paleo-topographic high at this time.

8.2. Phase II: Mid-Late Miocene

The mid-late Miocene (13-9 Ma) phase in Bermejo basin development is marked by an
increase in fluvial activity across the region and a notable reversal in paleocurrents from northwest-
southwest to south-southeast directed flow at Mogna and Huaco (Capaldi et al., 2020; Fosdick et
al., 2017) and the beginning of south-southeast directed flow at Villicum and Ullum. The Villicum
and Ullum sections of southern Bermejo begin accumulating sediment at ca. 13 Ma, coinciding
with the advance of the fold-thrust belt into the Central Precordillera between ca. 14-9 Ma
(Fernandez et al., 1996; Jordan et al., 1993; Milana etal., 2003; Levina et al., 2014). Depositional
environments during phase II of Bermejo basin development reflect ephemeral lake systems and
distal floodplains that progressively grade into thicker and sandier fluvial facies recorded in the
Lomas de las Tapias, Quebrada del Jarillal, Huachipampa, and Quebrada del Cura Formations. All
four along-strike sections within the Bermejo basin experience relatively moderate sediment
accumulation rates (~100-200 m/Myr) during the mid-late Miocene (Fig. 9). Both Huaco and
Mogna depocenters record an increase from phase I, reflecting increased tectonic activity in the

Precordillera. Observed moderate sediment accumulation rates and the occurrence of regional
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fluvial activity sourced from western Andean regions indicates a distal foredeep depositional zone
of the evolving foreland basin system (Fernandez et al., 1996; DeCelles and Giles, 1996). Mid-
late Miocene Bermejo basin experiences a notable increase in late Carboniferous-Triassic aged
zircon input and high contribution of felsic-mafic volcanic clasts, likely reflecting erosion of the
Frontal Cordillera sources and or unroofing of foreland basin deposits across the Precordillera
recycling the Andean arc and hinterland sediment signatures. Given the complexity of deformation
within the entire Andean orogenic system at this time, it is likely that accumulating sediment in
the Bermejo basin is being sourced from both the Frontal Cordillera and Precordillera (Jordan et

al., 1993; Capaldi et al., 2020).

8.3. Phase III: End Miocene-Early Pliocene

The end Miocene-early Pliocene time (9-5 Ma) in the Bermejo basin is distinguished by
increased sediment accumulation rates across the entirety of the foreland basin (~300 m/Myr in
southern Bermejo to ~800 m/Myr in northern Bermejo). The observed contemporaneous increase
in sedimentation rates at Huaco and Mogna (Fernandez et al., 1996) and Villicum and Ullum
indicates progressive deformation in the eastern Central Precordillera (Jordan et al, 1993).
Changes in lithofacies at Villicum and Ullum during this phase of basin development reflects the
eastward advance of the Precordillera fold-thrust belt via increasingly coarser-grained sediments
which is interpreted asa transition from avulsing sandy channels on a distal flood-plain to a higher-
energy braided system and eventual incorporation of debris flow deposits (Upper Lomas de las
Tapias, Mogna and El Corral Formations). Facies analyses of the Villicum and Ullum sections
lead us to interpret the up-section trends as deposition and migration of a fluvial megafan that is
being sourced from the actively deforming Precordillera thrust belt. Analysis of correlative

formations in northern Bermejo have been imnterpreted as proximal alluvial fan and bajada
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depositional environments (Fernandez et al., 1996; Johnson et al, 1986; Jordan et al, 1993),
however we suggest that they may be a part of the separate fluvial megafan system. High sediment
accumulation rates paired with sediment sourced directly from the approaching fold-thrust belt
and dominant fluvial megafan facies implies that deposition is occurring in the foredeep depozone
of the foreland basin system at this time (DeCelles and Giles, 1996; Flemings and Jordan, 1989).
By ca. 6.5 Ma, southern Bermejo depocenters (Villicum and Ullum) briefly experience wedge-top
deposition, evident by predominantly coarse-grained conglomerate facies (Mogna and El Corral
Formations; DeCelles and Giles, 1996) before being incorporated into the fold-thrust belt by ca. 5
Ma. Detrital zircon U-Pb age distributions during phase III of Bermejo basin development reflect
an increase in Paleozoic-Proterozoic age components further indicating unroofing of Paleozoic
sediments within the Precordillera. Our new AHe data from the southern Bermejo sections reflect
exhumation between 7-5 Ma, while northern Bermejo continues to accumulate sediment at this
time in broad fluvial megafan depositional environments. The 3 to 5 Myr difference in the time of
exhumation between the southern and northern Bermejo basin implies asynchronous evolution of
the retroarc basin system, where deformation initiates in the Eastern Precordillera around 6 Ma in
Ullum and Villicum. As a result of the evolving Eastern Precordillera thrust front, developing

broad synclinal structures perturbed the Ullum and Villicum depocenters.

8.4. Phase IV: Pliocene to Present

The final phase of Bermejo basin development (5-0 Ma) is distinguished by basement-
shortening in the foreland and consequent uplift of the Sierras Pampeanas basement ranges
resulting in the present day broken-foreland basin system (Jordan and Allmendinger, 1986; Jordan
et al, 2001; Horton et al., 2022). Sediment accumulation continues at Huaco and Mogna until ca.

4-2 Ma, with rates decreasing from the main phase of accumulation (9-5 Ma) to ~400 and ~300
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m/Myr for Huaco and Mogna, respectively. Relatively high accumulation rates suggest continued
deformation in the Precordillera, however the decrease in rates from the previous phase likely
tracks the encroachment of the thrust front and deposition in the wedge-top foreland basin
depozone (DeCelles and Giles, 1996). Deposition in northern Bermejo is dominated by thick
conglomeratic facies (Mogna and El Corral Formations) corresponding to proximal river
dominated fans (Fernandez etal., 1996; Jordan et al., 1993; Milana et al., 2003), which we interpret
as likely fluvial megafan systems. Northern Bermejo exhumation mitiates during phase IV, coeval
with uplift of the Sierras Pampeanas. Published AHe ages for the Huaco section suggest uplift at
ca. 2Ma (Fosdick etal., 2015) and new data from the Mogna section shows exhumation mitiating
ca. 3.5 Ma, at which point northern Bermejo is incorporated in the fold-thrust belt, forming the
broad anticlinal structures observed today at Mogna and Huaco. The contemporaneous
deformation of northern Bermejo and the thick-skinned Sierras Pampeanas lead us to believe that
the northern Eastern Precordillera may be kinematically linked to the deep-rooted thrust structures
of the Sierras Pampeanas, as suggested previously (e.g. Zapata and Allmendinger, 1996; Ramos
et al., 2002; 2009; Siame et al., 2002; 2005; Verges et al., 2007). The earlier uplift of southern
Bermejo (>5 Ma) lead us to conclude that there are complex along-strike variations in the Eastern
Precordillera thrust-front evolution, and that southern Bermejo basin may not be structurally linked
to the deep-rooted Sierras Pampeanas, as previously suggested. We support a potential thin-
skinned model where initial Eastern Precordillera thin-skinned thrust sheets are refolded by later
basement (thick-skinned) deformation (e.g. Meigs et al., 2006). Some fold-thrust belts experience
both thin and thick-skinned structural styles in different portions of the belt, sometimes changing
along strike (Lacombe and Bellahsen, 2016; Parker and Pearson, 2021). The overlap of these

structural styles has primarily been observed near the foreland, where thin-skinned and thick-
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skinned thrust domains converge towards one another (Parker and Pearson, 2021). We suggest the
possibility of variable structural styles of deformation along-strike in the Eastern Precordillera,

however further work is required.

This is the first time that along-strike variations in both the depositional and deformational
history of Neogene Bermejo basin deposits has been constrained and we highlight specific
differences north and south of 31°S. New sedimentological, geochronologic, and
thermochronologic datasets provide quantitative evidence of the variability that exists in retroarc
foreland basin development and thrust-front evolution in the south-central Andes between 30-

32°S.
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9. CONCLUSIONS

The Bermejo retroarc foreland basin formed as a flexural response to Miocene crustal
thickening in the Andean orogenic system, specifically the eastward propagating Precordillera
fold-thrust belt and the basement-involved uplift of the Sierras Pampeanas. The well-preserved
stratigraphy of Neogene basin deposits in the Bermejo basin provide an ideal opportunity for an
along-strike analysis of the evolution of the adjacent Eastern Precordillera and overall foreland
basin-broken basin development in a flat-slab subduction region. Integration of new and
published datasets allows for a temporal and spatial analysis of basin development and
deformation to understand the variability in an evolving thrust front.

1. Published data from northern Bermejo basin deposits places temporal constraints on
deposition between ca. 20-2 Ma while new data from southern Bermejo basin deposits
shows deposition between ca. 13-6 Ma. The northern Bermejo basin experiences a
longer-lived depositional history, accumulating thicker stratigraphic sections (>4km) than
in the south (<2km).

2. Facies analyses of southern Bermejo stratigraphy identify upward coarsening sequences
dominated by thick, multistoried, laterally continuous sand channels with flat bottoms,
mterbedded with mud-siltstone floodplain and overbank facies that are capped by thick
conglomerate braided river channels. This stratigraphic succession is interpreted to
represent a fluvial megafan sequence being sourced by the Precordillera and Andean
hinterland. The upward coarsening and thickening trend of stratigraphic sections tracks
the migration of the fluvial megafan system as the Precordillera thrust-front propagates

nto the foreland.
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3.

4.

Detrital zircon U-Pb geochronologic analyses paired with conglomerate clast
composition datasets provide msight on sediment provenance through time, which can
detect deformation and erosion of distinct source areas. Up-section trends of significant
pulses of certain age components and clast lithologies inform on regional deformation. In
southern Bermejo basin, provenance synthesis detects up-section increases in both (1)
Paleoproterozoic zircon age components, and (2) Paleozoic metasedimentary and
sedimentary conglomerate clasts, indicating a pulse of Precordillera deformation between
13 and 6 Ma. There is also a notable increase in late Carboniferous-Triassic aged zircons
and a high percentage of volcanic conglomerate clasts ca. 10 Ma, which signals either (1)
apulse of deformation in the Frontal Cordillera, or (2) exhumation of Cenozoic basin fill
to the west, at this time.

New AHe data for northern (Mogna) and southern (Villicum and Ullum) Bermejo basin
localities, along with published AHe ages for Huaco show two distinct pulses of
exhumation related cooling in the Bermejo basin. The Eastern Precordillera fold-thrust
belt deformation incorporated the southern Bermejo basin strata at ca. 6 Ma. Eastern
Precordillera exhumation migrated northward to the Mogna depocenter at ca. 3.5 Ma and
to the Huaco depocenter by 2 Ma. The time transgressive trend in exhumation along
strike of the Bermejo basin implies diachronous deformation of basin deposits.

Combined analysis of sedimentologic, geo-thermochronologic, and basin history suggest
that the along-strike evolution of the Bermejo foreland basin system has been
asynchronous through time. We use observed trends and available data to suggest that the
southern Eastern Precordillera deformation is kinematically linked to the thin-skinned

Central Precordillera and the northern Eastern Precordillera is kinematically linked to the
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basement-involved Sierras Pampeanas. Further work is needed to assess the causes of this

regional variation in the Neogene thrust front evolution.
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APPENDICES

Appendix A: Conglomerate clast count field data for southern Berme jo stratigraphic

sections.
Lithology [ UL [ %[ UL | % | UL | %| UL [ % | UL | %| UL | %[ UL (% | UL | %| ULL | %
L L L L L L L L CC09
CC CC CC CC CC cC CC CcC
01 02 03 04 05 06 07 08
175 320 525 635 877 102 120 134 1500
6 8 4
Maroon/b | 30 | 2 | 23 1|20 1|25 1|25 1|28 1|21 1|20 1|11 8
rown 0 7 4 5 5 9 4 2
volcanic
Red/orang [ 38 |2 |40 [2 ] 25 132 |2]38 2 (23 1 (37 |2 ]37 [2 |31 2
e volcanic 5 9 8 0 3 5 4 2 1
Green 20 1|14 1|7 5113 8 |22 1114 |9 |18 1|18 1|7 5
volcanic 3 0 3 2 0
Andesite | 2 12 1|1 1(2 12 1 (10 |75 3110 |66 4
Green 37 12|45 3172 5170 |4 |51 3|45 3152 3162 3 |65 4
siltstone 5 2 2 3 1 0 4 6 5
Tan 4 313 2 |1 1(5 314 2 (2 1(0 02 1|5 3
siltstone
Black 7 510 03 2 (3 2 |2 1(0 013 219 5111 8
volcanic
w/
phenocrys
ts
Vein 3 24 310 013 2 |1 1[4 3|1 11 1 (1 1
quartz
Black 0 0O 00 0fo0 010 0|0 010 00 0|1 1
chert
Granite 1 1 10
Grey 0 0 0 0 0 0 0
limestone
Grey 2 10 0|4 3 (2 1|4 212 1(0 0[O0 010 0
volcanicla
stic
Brown 0 0f7 514 317 4 (8 5115 1|5 315 311 1
siltstone 0
Grey 0 00 0|0 0fo0 00 0|0 0|1 1|2 1|2 1
sandstone
other 6 411 1|1 1(2 12 1(3 2 (1 1]1 1|1 1
total 150 139 138 164 163 149 154 172 146
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Lithology | VIL | % | VIL | % VI | % VIL | % (VI (% | VIL |% VIL | % | VIL | %
E E LE E LE E E E
cC CCo CcC CcC CcC CCo CcC CCo
01 2 03 04 05 6 07 8
Height 0.5 194. 623 773 937 1387 167 177
5 1 8
Maroon/B| 0 0 | 103 |29 58 |40 69 4 142 |34 40 35 58 3|38 2
rown vol 6 5 8
Orange/R | 0 0|53 15 17 |12 25 1 |33 |27 14 12 3] 1 |18 1
ed Vol 7 9 3
Green 0 0 | 98 27 15 10 15 1|7 6 |4 4 11 716 4
Vol 0
Grey 0 0 |29 8 5 3 6 4 12 2 |1 1 0 01]0 0
Vol/Ande
site
Black 0 (U 0 15 10 1 1|2 2 |0 0 6 4 |5 4
Vol/
Phenocry
st
Vein 0 010 0 6 4 2 1 |3 2 |1 1 1 110 0
quartz
Granite 0 010 0 0 0 0 010 0 |1 1 10 6 | 13 1
0
Black 16 8 |0 0 0 0 0 010 0|0 0 0 010 0
Chert
green 35 1 | 42 12 26 |18 31 2 |33 | 27|52 46 50 3|54 4
sand-silt 8 1 0 0
stone
Brown 0 0|6 2 0 0 0 010 0|0 0 0 010 0
sand-silt
stone
tan 0 010 0 0 0 0 010 0|0 0 0 01]0 0
siltstone
red 0 010 0 0 0 0 010 0|0 0 0 01]0 0
sandstone
VC-Sand | O 0 |27 8 0 0 0 010 0 |1 1 0 0 |1 1
calcite
cement
Quartzite | 0 0 0 0 0 0 ]0 0 0 0
blue-grey | 63 3 0 0 0 0fo0 0 0 0
limestone 2
White/gre | 83 410 0 0 0 0 010 0|0 0 0 010 0
y 2
Dolomite
phyllite/ | 0 010 0 0 0 0 010 0|0 0 0 010 0
metarock
other 2 1 |1 0 3 2 1 110 0|0 0 0 010 0
total 199 359 145 150 122 114 167 135
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Appendix B: Paleoflow field me asurements for southe rn Bermejo stratigraphic sections.

Station ULL PFO1|ULL PFO03 [ULL PF04 | ULL PF05|ULL PF07| ULL PFO8 | ULL PF09| ULL PF10
Height (m) 1791 525 635 877 1115 1208 1344 1455
Bedding S/D 357] 56| 38| S1| 47 30[ 31| 34 34 40| 34| 40| 31| 40 31| 40
Imbricated clast S/D S| D S| D S| D S| D|S D |S D S| D S| D
316 59| 37| 40 204 33| 201] 35 282| 6l 3| 37| 242| 18] 257 7
300 49| 57| 22| 269 16| 188| 23| 245 38| 349 19| 288 23| 104 38
303| 45 9 25| 245| 10 217 23| 287 63 0] 38 103] 12| 139| 45
179 89| 41 34| 197 24 123| 13| 300, 40, 11| 42| 136 18| 152 38
356 49| 20[ 39| 16| 42[ 103| 17[ 307| 46/ 295 35| 119 28| 107 36
339 88 35| 58| 272| 19| 144| 15| 317 17| 303 43 115 39| 156 31
531 57 32| 43| 346 23] 89| 28| 256| 34| 13| 33| 327 4 223 24
47\ 73| 29| 48| 273| 25| 213| 51| 276 35| 293| 26 391 14| 210 20
45| 56| 18| 55 298| 24 112 11| 343| 27| 314 38| 81| 28| 222| 24
29 65| 19| 43| 308| 34 127 13| 328 33| 194 20| 57| 26| 155 37
34( 73] 22| 40| 311 25| 149 6| 293 28 147 12 117| 14| 153 28
30( 64| 68| 34 310| 39| 311} 12| 175 10| 262 39| 176 37| 241] 16
358| 80| 183 77| 342 36| 269| 10[ 136| 19| 267 54| 149| 20| 215 39
4] 81| 201 74| 285 52| 255 9| 277 24 261] 25| 115 30| 328] 23
354 76| 36| 28| 301 18 333] 40( 277| 39| 335 23| 327 25| 106 25
45 39( 34| 9| 335 29| 290 26| 344 22| 38 28 117| 33
3 40 183| 24| 323| 42| 257 47) 316 30| 291 29| 204 23
39 S8 177 24 332| 47| 288 40 4 30| 83 27 13 50
771 701 157 17| 343| 35 336| 58| 255 28| 82| 331 12 36
46| 76 320 16| 333| 18| 342| 34| 329 8| 82 37| 208 17
78 73 303| 31 15[ 40[ 331] 10| 267| 28 105 22
45 71 286 25| 334 52| 254| 15| 254 30| 326 21
44( 66 185 30| 315 17| 335 36 267| 34
69 43 234 36| 344 S6| 324| 29| 158| 18
36| 66 260( 28| 12| 53| 351 30| 152| 27
47| 67 40| 45
34 64 43| 36
63| 41 24| 53
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51 75 357 57
23| 47 352 57
VILE VILE VILE VILE
Station PFO1 PF06 PF07 PFO8
Height (m) (0.5 1389 1671 1768
Bedding S/D|0 21 |40 10 (40 10 40 |10
Imbricated
clastS/D S D |S D (S D S D
179 52 |357 34 1270 16 190 (25
162 24 |2 30 |231 23 240 |45
166 20 |10 27 (266 20 245 (52
234 19 (6 25 (230 29 210 |37
225 31 |8 28 (257 12 160 (45
153 36 |10 21 205 22 210 |27
152 19 (0 38 |114 20 10 |25
230 24 119 37 |204 28 5 36
204 21 |14 43 1222 29 260 |15
213 25 |11 46 (184 37 10 (4
250 49 |357 35 213 55 160 (35
272 22 |10 44 1194 32 150 (33
256 30 |350 30 183 40 12 |15
251 28 (320 25 (252 32 140 {30
204 48 (322 24 183 35 180 |24
234 20
246 23
275 14
206 48
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59
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Appendix C: Maximum depositional age calculations for southern Berme jo detrital zircon
U-Pb samples.

Maximum Depositional A ge Calculations |

youngestsingle Youngest three | Youngest grain

grain (YSG) zircons (Y3Z) clusterat 20 (YGC 20)
sample |age error % disc|age error % disclage error % disc |
ULLO1 (10.2 05 119 |102 05 119 (102 05 119

10.8 0.6 0.5 108 0.6 05
108 0.5 64 108 05 64

106 0.3 108 09 171
10.6 0.2
ULLO02 (12.7 14 03 12714 03 127 14 03

13.0 1.1 124 |13.0 1.1 12.4
13.0 1.9 386 [13.0 19 38.6
129 0.3 133 25 58
134 13 13.6
134 19 235
131 0.2

ULLO3 |10.5 1.3 443 |105 13 443 |105 13 443
10.5 0.6 04 105 06 04
10.8 0.7 128 108 0.7 128
106 0.1 112 08 37
11.3 09 170
109 0.3

ULLO4 (9.0 1.5 380 (90 15 380 |90 15 38.0
10.6 1.7 481 |106 1.7 481
108 20 422 108 20 422
101 0.8 10.1 0.8

ULLO5 (7.8 0.7 160 |78 07 160 (78 07 16.0
79 13 265 |79 13 265
80 09 396 |80 09 396
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79 0.1 81 14 468
84 09 56
8.0 0.2
ULLO6 |6.8 09 153 |68 09 153 (6.8 0.9 153
149 23 152
18.4 20 4.6
134 49
ULLO7 (6.5 04 157 |65 04 157 |65 04 157
10.0 0.9 54
125 1.7 4.1
9.7 24
ULLO8 (8.2 14 425 |82 14 425 |82 14 425
83 14 241 (83 14 241
83 1.6 348 |83 1.6 3438
8.3 0.0 83 0.0
VILO1 (11.6 09 58 11.6 0.9 5.8 11.6 09 538
123 10 6.1 123 1.0 61
140 0.7 184 |119 04
126 1.0
VILEO4 (12.8 0.8 53 128 0.8 53 128 0.8 53
13.6 1.7 134 |13.6 17 134
136 1.0 186 |13.6 10 186
133 0.4 133 04
VILEOS (12.4 0.8 9.0 124 0.8 9.0 124 08 9.0
12410 1.7 124 10 1.7
128 0.8 112 |[128 0.8 11.2
125 0.2 128 25 141
128 10 84
132 08 74
132 15 17.0
12.8 0.3
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VILEO7 {10.0 0.6 26 10.0 0.6 2.6 100 06 2.6
10.0 0.5 141 100 05 141
10.8 0.6 299 [10.0 0.0
102 0.4
VILEOS (8.3 0.8 48 83 0.8 48 83 08 48
84 05 147 (84 05 147
87 12 00 87 12 00
84 0.2 87 08 296
87 04 118
88 09 79
88 04 117
89 09 335
90 0.7 133
8.7 0.2
VILEO9 (7.1 0.8 245 |71 08 245 (7.1 08 245
72 1.0 197 |72 1.0 197
74 08 442 |74 08 442
7.2 0.1 75 09 146
75 08 294
76 13 165
76 09 174
77 09 352
80 06 34
80 1.0 339
82 08 1.8
7.6 03
VILEIO (6.4 04 77 64 04 7.7 64 04 77
84 0.7 20.1
85 04 232
7.7 1.0
VILEII (5.7 0.6 384 |57 06 384 |57 0.6 384
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61

|7.6 06 183 |
|8.0 05 137
|7.1 1.0 |



Appendix D: Reduced (U-Th[Sm])/He data for Mogna, Villicum and Ullum De trital
Apatite thermochronology samples.

Reduced (U-Th[Sm])/He Data

Sample | mineral | Age, | err.,| U Th 1478 U | Th/ He mas | Ft ESR
Ma Ma | (ppm | (ppm | m e U (nmol/g | s
) ) (ppm) ) (ug)

MGNO1 | apatite 2.8 0.17 | 2.5 5.6 99.4 43 222 100 1.10 | 0.5 | 33.8
i\}IGNOl apatite 339 1204 |93 27.6 99.0 162 1295 | 2.0 1.98 8.6 4513.0
1-\%IGN01 apatite 239 | 143 | 21.6 555 1543 [ 351257 |34 452 3.7 é7.9
-3 3 7

MGNO2 | apatite 24 0.14 | 4.0 10.9 1644 (73 (273 |00 056 | 04 | 27.0
I\}IGNOZ apatite 31.6 | 1.90 | 20.1 259 3363 | 277 (129 |25 0.60 (7).5 ;8.4
i\%[GNO2 apatite 31.0 | 1.86 | 33.1 222 2438 [ 394 [ 0.67 | 4.0 1.16 8.6 35.9
1-3[GN02 apatite 5.0 0.30 | 4.0 10.4 1645 |72 [260 | 0.1 0.70 8.5 28.6
i\‘/‘IGNO2 apatite 2.1 0.12 | 83 22.1 149.1 141 [ 2.66 | 0.1 0.27 8.3 50.8
-5 5 5

MGNO8 | apatite 469 | 2.81 | 10.3 14.3 50.0 138 [ 1.39 | 23 1.61 | 0.6 | 40.8
i\}IGNO8 apatite 613 [ 3.68 [ 5.1 20.5 304.3 113 (405 |22 0.72 3.5 21.7
i\%IGNOS apatite 164 | 099 | 24.7 255 1228 [ 31.1 [ 1.04 | 1.5 0.75 (3).5 21.2
i\flGNO8 apatite 2.7 0.16 | 4.0 13.8 16.8 72 (348 | 0.1 2.05 3.6 4514.8
-6 5 3

MGNI10 | apatite 7.0 042 [ 6.7 16.1 81.3 109 [ 239 | 03 241 |1 0.6 | 463
i\}[GNIO apatite 133. | 799 | 9.5 19.3 103.6 | 144 (204 | 6.5 1.39 (7).6 28.3
i\?IGNlO apatite g.S 021 | 2.4 3.6 1184 |38 [1.55 | 0.1 1.90 (1).6 4112.7
1-\?IGN 10 | apatite 42 025 | 2.4 79 1009 [ 47 (336 | 0.1 2.86 (5).6 29.6
i\iGNlO apatite 4.1 025 | 6.0 20.3 112.8 11.2 [ 338 | 0.2 3.64 (9).7 22.3
-9 0 3

ULLO1- | apatite 10.1 | 0.61 | 2.0 12.7 1338 [ 55 [648 | 0.1 043 | 04 | 244
gJLLOI— apatite 8.8 053 | 1.5 2.6 1109 |26 [1.73 | 0.1 2.08 §.6 213.1
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ULLO1- | apatite 3.7 022 |22 32 88.9 34 | 143 (00 227 [ 06 | 456
;‘ILLOI- apatite 22 0.13 103 1.6 209 07 | 642 |00 1.10 3.5 22.8
%LDOI- apatite 6.1 036 | 4.0 14.0 154.7 80 |351 |02 2.73 3.6 ig18.1
%LU)I- apatite 55 0.33 | 2.1 7.3 156.7 | 46 |347 | 0.1 3.44 ?).7 §3.6
8 1 9

VILO1-1 | apatite 6.6 040 | 1.7 6.5 83.3 36 | 386 [008474 | 148 | 0.6 | 388
VILO1-2 | apatite 6.2 0.37 | 2.1 142 | 173.1 | 62 |6.77 | 0.15694 | 2.94 (1).6 4519.2
VILO1-3 | apatite 6.4 039 | 24 42 84.2 3.8 | .71 | 0.07813 | 0.96 g.S §2.2
VILO1-4 | apatite 7.9 047 | 4.0 15.3 136.8 | 82 |3.86 | 0.23913 | 247 (5).6 4313.5
VILO1-5 | apatite 23 0.14 | 2.0 140 | 924 56 | 7.15 | 003411 | 045 §.4 %6.4
VILEO7 | apatite 3.9 024 | 1.5 42 77.1 29 (275 |00 563 | 07 | 573
_\}ILEO7 apatite 6.3 038 | 1.3 1.8 76.3 21 (142 | 0.1 7.22 (3).7 23.6
;§ILE07 apatite 24 0.14 | 1.6 3.6 82.9 29 1218 | 0.0 9.26 (5).7 27.8
;jILE07 apatite 159 1096 | 167 |[329 (3700 |261 (197 |13 0.89 (7).5 §3.1
;?ILE07 apatite 9.2 055 | 14 3.0 96.3 2.6 211 | 0.1 3.90 8.7 26.1
-8 2 2
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Appendix E: Zircon U-Pb Geochronology Metadata
Compiled detrital zircon U-Pb geochronologic data for all Villicum and Ullum samples available

as separate file upon request: plonka@unlv.nevada.edu.
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e Instructed undergraduate students in the lab portion of this course following Mastering
ArcGIS, 8" edition by Maribeth Price (Lab Manual).
o Taught students to operate and troubleshoot ArcMap software to create, process,
and visualize geospatial datasets.

University of Nevada, Las Vegas January-May 2022
Teaching Assistant, Geology 630-GIS: Theory and Application
e Instructed graduate students in the lab portion of this course following Mastering
ArcGIS, 8™ edition by Maribeth Price (Lab Manual).
o Taught students to operate and troubleshoot the software to create, process, and
visualize geospatial datasets.

University of Nevada, Las Vegas August-December 2021
Teaching Assistant, Geology 448: Field 1
e Helped lead 7 weekend mapping trips in southern Nevada
o Instructed students on basic field geology skills including collecting field data
(strike and dip measurements, detailed field notes/sketches), creating detailed
geologic maps, and creating geologic cross-sections.

University of Nevada, Las Vegas January-May 2021
Teaching Assistant, Geology 362: Sedimentology and Stratigraphy
e Instructed undergraduate students in the lab portion of this class
o Taught students the necessary skills to identify and interpret sedimentary rocks
and structures.
o Assisted with two field trips: instructed students how to measure stratigraphic
section with a Jacob’s staff, take detailed field notes, and interpret depositional
environments.

University of Nevada, Las Vegas August-December, 2020
Teaching Assistant, Geology 448: Field 1
e Helped lead 5 weekend mapping trips near the Las Vegas Valley
o Instructed students on basic field geology skills including collecting field data
(strike and dip measurements, detailed field notes/sketches), creating detailed
geologic maps, and creating geologic cross-sections.
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Field Experience

Argentina, Nov-Dec 2022

o Assisted an M.S. student from the University of Texas at Austin with his Master’s
field work measuring and mapping Paleozoic stratigraphy near San Juan,
Argentina

Gold Hill, UT, May 2022

o Assisted fellow M.S. student from the University of Nevada, Las Vegason a
portion of their Master’s field work (~4 days)

o Helped collect samples, operate GPS, identify minerals, and observe geologic
field relationships.

Argentina, Nov-Dec 2021

o Spent four-weeks in the San Juan Province, Argentina observing/studying
regional geology.

o Measured ~2 km of Cenozoic basin stratigraphy, collected rock/sand samples for
analyses, took in-field measurements of paleoflow on imbricated clasts,
conducted in-field conglomerate clast counts, recorded detailed notes on field
relationships.

o Assisted in an elevation transect of basement structures in the region, collecting
rock and sand samples for thermochronologic analyses

Southern Nevada, Fall 2020 & 2021

o Teaching assistant for Field Geology I: Helped scout mapping areas in the
Eldorado Mountains, Muddy Mountains, and Calico Basin

o Produced detailed geologic maps and cross sections for: Eldorado Mountains near
Searchlight, NV; Muddy Mountains near Valley of Fire, NV; and Calico Basin

Inyo-White Mountains, CA, May 2021

o Produced detailed geologic maps and cross sections for the Poleta Folds region in
the White Mountains of southern-eastern California (near Bishop, CA)

o Mapped several Jurassic Plutons in the White-Inyo region (Papoose Flats and
Sage Hen Flats, CA)

Jackson Hole, WY, July 2019

o Completed the four-week culminating field experience for geology
undergraduates at University of Michigan

o Produced detailed geologic maps and cross sections for several geologic regions
near Jackson Hole, Wyoming (including the Red Hills near Grand Teton National
Park and exposures in the Snake River Canyon)

o Measured 300 meters of Jurassic-aged sedimentary stratigraphy

Presentations and Invited Lectures

Guest Lecture for Career Seminar in Earth and Environmental Sciences at Utah Tech
University, September 2022, “Life as a Graduate Student & How I Got Here.”

Plonka, Z.P., Capaldi, T.N., Odlum, M., Alvarado, P.,and Ortiz, G., April 2022. Tracking the
Neogene tectonic evolution of the active Andean thrust front using the foreland basin record and
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detrital geo-/thermochronology, western Argentina (31-32°S), UNLV Department of Geoscience
Geosymposium, oral presentation.

Plonka, Z.P., Capaldi, T.N., Odlum, M., Alvarado, P.,and Ortiz, G., March 2022. Tracking the
Neogene tectonic evolution of the active Andean thrust front using the foreland basin record and
detrital geo-/thermochronology, western Argentina (31-32°S). Geological Society of America
Cordilleran and Rocky Mountain Joint Section Meeting, oral presentation.

Oral Presentation to Collaborators in the Consejo Nacional de Investigaciones Cientificas y
Técnicas (CONICET) group at Universidad de San Juan Nacional, December 2021,
Resolving Along-Strike Andean Thrust Front Evolution Using the Well-Preserved Neogene
Foreland Basin Record in the Pampean Flat Slab Region of Argentina.

Plonka, Z.P., Capaldi, T.N., Oldum, M., Ortiz, G., and Alvarado, P., October 2021. Resolving
Along-Strike Andean Thrust Front Evolution Using the Foreland Basin Record in the Flat Slab
Region of Argentina. Geological Society of America Conference, poster presentation.

Plonka, Z.P., and Capaldi, T.N., April, 2021. Tectonic Evolution of the Eastern Precordillera
using the broken foreland basin record. UNLV Department of Geoscience Geosymposium,
poster presentation.

Professional Training

Mine Safety and Health Administration Training

Round Mountain Gold Corporation, Nevada, June 2022

Completed 24 hours of mandatory MSHA training at Kinross’ Round Mountain Gold
Corporation.

Professional Affiliations

Association for Women Geoscientists, 2020-Present

President of the UNLYV student chapter (2021-2022). Led meetings, organized social events,
organized community service events. Major accomplishments include organizing/leading a
Resume/CV workshop and Virtual Geoscience Careers Seminar for undergraduate students in
the Geosciences.

American Association of Petroleum Geologists,2020-Present
Scheduling Liaison for the UNLV student chapter. Helped organize and lead community service
events.

Society of Economic Geologists,2021-Present

Member of international and UNLYV student chapter. Helped organize and run a field trip to Ely,
Nevada where we visited popular mineral collecting sites and toured the Robinson Mine in Ely
(April, 2022).
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Geological Society of Nevada, 2022

Geological Society of America, 2020-Present

Community Service and Organized Events

Women in Geoscience Career Seminar

Association for Women Geoscientists, December 15t 2022

Organized and hosted a virtual seminar which consisted of a panel of four women in various
geoscience careers (academia, mineral industry, government, and consulting) to provide insight
to UNLV and other Geoscience students on the opportunities for post-graduate careers.

Resume/CV Workshop

Association for Women Geoscientists, October 27th 2022

Organized and led a Resume/CV workshop for UNLV department of geoscience undergraduate
students which acted as a space for students to have their resume, CV, short application, cover
letter, &/or statement of purpose reviewed by graduate students and faculty.

Geoscience Field Day

Association for Women Geoscientists, September 2022

Organized and hosted (along with UNLV SEG) a Field Day event for UNLV Department of
Geoscience students and staff as an opportunity to introduce the Geoscience clubs present on
campus.

Nelson River Clean Up (Second annual)

Association for Women Geoscientists, May 2022

Organized and led a trash-clean up event at a popular, local swim/hike spot along the Colorado
River.

Nelson River Clean Up (First annual)

Association for Women Geoscientists, April 2021

Helped organize and lead a trash-clean up event at a popular, local swim/hike spot along the
Colorado River.

Community Outreach (Las Vegas)

Geoscience Department, February 2021

Participated as a panelist of geoscience graduate students and faculty for local high school
students presenting science projects completed through their Geology and Geography course.
Engaged with students and provided feedback on the scientific method.

Girls in Science and Engineering Camp Volunteer

Women in Science and Engineering, July 2018

Acted as Chemistry Student Mentor for the Girls in Science and Engineering Camp at the
University of Michigan.
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After School Program Tutor
Books for a Benefit, 2016-2017
Tutored 15'-12" grade students who attended an after-school program for low-income families.

Skills

Computer skills
Proficient in ESRI ArcGIS (Desktop and Online), Microsoft Office Suite, Adobe Creative Suite
(Iustrator and Photoshop), Google Earth PRO. Experience using AutoCAD.

Lab Skills

Experience using rock crusher equipment, cleaning and processing samples, mineral separation
(via water table), using petrographic and regular microscopes for mineral identification and
picking. Assisted in the running of LA-ICP-MS (Laser ablation inductively coupled plasma mass
spectrometer) to conduct geo/thermochronological analyses. Assisted in running and performing
maintenance on Elemental Analysis and CRDS (Cavity ring down spectroscopy) machinery.

Field Skills

Ability to create detailed geologic maps and cross sections, measure and produce detailed
stratigraphic sections, collect soil, sand, water, and rock samples. Experience mapping soil
horizons.
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