Stable isotope analysis evidences dietary changes in toxodontids (Mammalia, Notoungulata) across the Neogene-Quaternary from Argentina
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Supplementary Material 1. Details of the geological units and localities under study.

Aisol Formation (Early Miocene). The most ancient toxodontids studied in this work, Nesodon taweretus, Palyeidodon cf. P. obtusum, and Toxodontidae indet., were recovered from levels of the Aisol Formation at Arroyo Seco de la Frazada and Cuesta de los Terneros localities (Mendoza Province). Deposits of this formation are represented by isolated outcrops exposed on the San Rafael Block (Dessanti, 1954, 1956; González Díaz, 1972; Sepúlveda et al., 2001, 2007). Several fossiliferous localities have been found in the area, being Arroyo Seco de la Frazada the richest one (Forasiepi et al., 2012; Garrido et al., 2014). The dating of Arroyo Seco de la Frazada is from the base of the Fm. Aisol (Table 1), and the fossils studied are from levels overlying the dated level. Regarding Cuesta de Los Terneros, an age equivalent to the Arroyo Seco de la Frazada sample was inferred by stratigraphic correlations.

Cerro Azul Formation (Late Miocene). Cerro Azul Formation was originally described for the Central and Eastern of the Pampa Province (Linares et al., 1980). Folguera and Zárate (2009) interpreted this unit as dominant aeolian deposits (loess deposits), which in some cases were reworked by aqueous agents (loess–like deposits). Other units were later correlated to this formation, enlarging its geographical extension to Southwestern Buenos Aires Province and Southeastern Mendoza Province. Different localities with vertebrate assemblages obtained from levels of the Cerro Azul Formation were studied in this work and assigned to Late Miocene, including Arroyo Chasicó (Buenos Aires Province), Cerro La Bota and Salinas Grandes de Hidalgo (La Pampa Province).
Deposits of the Cerro Azul Formation at Arroyo Chasicó locality (originally assigned to the Arroyo Chasicó Formation; see Zárate et al., 2007; Folguera & Zárate, 2009) crop out in the lower reach of the Chasicó creek, Buenos Aires Province. Zárate et al. (2007) described the sequence as cross-bedded, very fine sand sediments interpreted as channel-bar deposits, grading upward into sandy silt sediments, probably likely related to relatively high-density flows in a marginal channel and/or floodplain environment. Several paleosols are present, indicating that the succession was the result of episodic fluvial sedimentation. This locality represents the type locality of the Chasicoan Stage/Age (Tortonian; Cione & Tonni, 2005; Tomassini et al., 2017). From these levels come the sampled tooth enamel of Hemixotodon chasicoensis, Pisanodon nazari, and Toxodontidae indet.
Levels of Cerro Azul Formation outcropping at Cerro La Bota locality are represented by two facies associations, including a loess-paleosol facies association that crops out in the lower part of the section. It includes sheet-like beds with non-erosive bases, composed of massive and very fine-grained silt sediments, friable and dusty, with root traces and commonly cemented by calcium carbonate. The other, a fluvial facies association is constituted by the lateral and vertical superposition of fine-grained upward sandy and conglomeratic bodies with erosive bases of irregular or concave-upward morphology. Both conglomerate and sand deposits exhibit through cross-bedding. The uppermost part of the fluvial facies association records fine sand deposits with asymmetrical ripples. The presence of the amalgamated sandy-conglomeratic–bodies suggest the episodic development of ephemeral streams without flow division on a loessic substrate (Montalvo et al., 2019). The faunal assemblage was assigned to the Chasicoan Stage/Age (Tortonian; Montalvo et al., 2019). The sampled tooth enamel from these deposits correspond to Hemixotodon chasicoensis. 
Deposits of the Cerro Azul Formation outcropping in the basal portion of the exposed sequence at Salinas Grandes de Hidalgo locality (La Pampa Province) suggest a fluvial reworking of loess facies. There are several layers of very coarse sandy-silt and fine sands with evidence of subaerial exposition and bioturbations, which allow interpreting the sequence as paleosols deposits interbedded in fluvial deposits of scarce develop, with pauses in the aggradation of an ephemeral fluvial system (Mehl & Zárate, 2014). The faunal assemblage was assigned to the Huayquerian Stage/Age (Messinian; Piñero et al., 2021). The middle levels of outcropping at this locality were recently dated (Sanz-Pérez et al., 2024), but the basal levels are the ones that provided the samples of Stenotephanos cf. S. plicidens and Toxodontidae indet.

Monte Hermoso Formation (Early Pliocene). Deposits of the Early Pliocene Monte Hermoso Formation crop out in the coastal cliffs of Farola Monte Hermoso locality in Buenos Aires Province. The sequence includes fine grained sediments of fluvial genesis probably linked to the foothills of the Sierras de Ventania range in the Southwest of Buenos Aires Province (Zavala, 1993; Zavala & Navarro, 1993; Tomassini et al., 2013; Sosa et al., 2016). The lower–middle part of the succession presents muddy silts and silty sands levels interpreted as the result of fluid and mantle flows of medium to high regime in a distal alluvial fan sub-environment. They are interspersed with decantation and overflow deposits, and partially channeled mantle flows in lower sinuosity sub-environments. The upper part of the sequence, lying in discontinuity on the lower deposits, presents clast-supported breccias, sands and silts associated with ribbon-type channels and lateral accretion macroforms of sinuous/meandering fluvial sub-environments. Farola Monte Hermoso is the type locality of Montehermosean Stage/Age (Zanclean; Tomassini et al., 2013). The sampled tooth enamel from these deposits corresponds to Xotodon sp.

Ensenada Formation (Early Pleistocene). The classical Toscas del Río de La Plata site is located at the coast of the La Plata river in Ciudad Autónoma de Buenos Aires (Buenos Aires Province) and includes Early Pleistocene levels of the Ensenada Formation; however, these levels are nowadays highly degraded and only possible to observe during low tide in some points as result of human activity (Soibelzon et al., 2008). Deposits fragments of hardened silt, mixed with clay, sandstone and limestone clasts and variable proportions of sandy silt that acts as a cementing agent (Frenguelli, 1955; Soibelzon et al., 2008). Faunal assemblage from these levels constitutes the base of the Ensenadan Stage/Age (Calabrian?; Cione et al., 2015). The sampled materials from these levels correspond to Toxodon sp. 

Cascada de Paleolama (Late Pleistocene). The Quaternary deposits outcropping in the locality of Cascada de Paleolama (Buenos Aires Province) constitute the fill of a valley carved in a Late Miocene-Early Pliocene substrate (Beilinson et al., 2017). The succession representing this fill begins with sandy siltstones and fine conglomeratic sandstones, interpreted as Pleistocene sensu lato fluvial deposits (Beilinson et al., 2015, 2017). Above, levels of finely laminated pelites are recognized showing convolute lamination, towards the top, and truncated by a level of intraclasts of the same green pelites with chaotic arrangement. Beilinson et al. (2015) interpreted these upper levels (Unit D sensu Pardiñas et al., 1996) as storm deposits and assigned them to the MIS 5e interglacial marine transgression (“marine Belgranense transgression” sensu Frenguelli, 1928, “Pascua Formation” sensu Fidalgo et al., 1973), base of the Late Pleistocene. The faunal assemblage from this level is assigned to the base of the Lujanian Stage/Age (Pardiñas et al., 1996; Sanz-Pérez et al., 2022). The sampled tooth enamel from these levels correspond to Toxodon platensis. The valley fill continues with fine sandstones with trough and planar interbedded stratification interpreted as fluvial deposits of the terminal Late Pleistocene. Finally, the succession ends with a paleosol (Suelo Puesto Callejón Viejo, ca. 10,000 years old) followed by Holocene lacustrine deposits.

Santa Rosa Formation (Late Pleistocene). The levels assigned to the Late Pleistocene Santa Rosa Formation correspond to an excavation of more than 4 m deep in the urban area of Santa Rosa city (La Pampa Province). This unit is constituted by coarse to fine sands and carbonate sandy silts, very friable. The basal deposits, with a thickness about 20 cm, are composed of coarse sands; they exhibit poorly preserved through structures and isolated subcircular structures filled with very coarse and friable sand (which were interpreted as burrows). The middle portion is characterized by medium to fine silty sands, usually with root marks. The succession exhibits a gradual upper boundary, high-angle criss cross stratification at the base and low-angle in the middle and upper portion. The faunal assemblage corresponds to the Lujanian Stage/Age (Montalvo et al., 2013). The materials sampled come from these two levels and correspond to Toxodon sp.

Playa del Barco (Late Pleistocene). Playa del Barco site (Buenos Aires Province) is characterized by the discontinuity of the outcrops, the reduced areal distribution, and the location in the current intertidal zone, which implies that they are usually covered by beach sand and are visible only during extreme low tides. Sedimentary sequences generally are ~ 1 m (or less) thick and show both vertical and lateral facies variations; these levels correspond to both Pleistocene continental deposits and Holocene marine deposits. A tabular level, 15–25 cm thick, formed by silty sand, massive or with diffuse parallel lamination, with subordinated 0.5–4 cm quartzitic clasts. This level represents a high-density sheetflood deposit, accumulated in a floodplain environment, which is characterized by a high abundance and diversity of megamammal taxa from the Late Pleistocene (Tomassini et al., 2020; and references therein). The tooth enamel sampled from this level corresponds to that of Toxodon platensis. 

Toropí/Yupoí Formation (Late Pleistocene). In the Arroyo Toropí site, close to the Bella Vista locality (Corrientes Province), crops out ~7 m thick of the Late Pleistocene Toropí/Yupoí Formation (Méndez et al., 2024). The Lower Member (Toropí) has a thickness of 1.8 m and is formed by massive tabular levels of fine silty to clayey sands, with abundant small tubes interpreted as rhizolites product of root activity. Towards the top of it, in some sectors, a 20 cm thick layer of very fine silty sand with abundant rhizoconcretions is developed, typical of pedogenetic events. These sedimentary characteristics are consistent with floodplain environments, inundated by episodic unconfined floods, with development of vegetation and nesting structures excavated over the conformable deposits. The Upper Member (Yupoí), with a thickness of 4.8 m, shows levels of fine clayey sandstones, massive, but of lesser thickness than those of the other member, interbedded with thin lenticular silty sand deposits, with trough cross stratification. This member represents the transition of the system to a position closer to the channel, with multistorey/multilateral sandstone, typical of flood events, and some levels representing the development of reduced water flows. The faunal assemblage from these levels were assigned to the Lujanian Stage/Age (Zurita et al., 2014; Méndez et al., 2024). The dental enamel sampled from this formation corresponds to that of Toxodon platensis and Toxodon sp.

Río Bermejo Formation (Late Pleistocene). Villa Escolar (Formosa Province) site includes several expositions of the Late Pleistocene Río Bermejo Formation at the margins of the Bermejo river. The thickness of this unit reaches ~2 m and it can be divided into four levels. The lower level 1 includes a marl, formed by 41% silt, 35% clay/colloids and 23% very fine sand, with root traces. The level 2 is composed of clayey silts with very fine sand as accessory fraction, with numerous vertical root traces and molds of leaves. The level 3 is formed by clayey sands and clayey silts with very fine sand as accessory fraction, and abundant organic matter. The level 4 is represented by silty clays with manganese nodules and molds of leaves (Iriondo, 2010). These levels represent swampy deposits that filled paleo-channels of the ancient Bermejo river (Méndez et al., 2019). Faunal assemblage from these deposits is assigned to the Lujanian Stage/Age (Zurita et al., 2009, 2014; Méndez et al., 2019). The tooth enamel sampled in this formation corresponds to that of Toxodon sp.
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