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Abstract

The fossil successions representing the distal zones of carbonate ramps are characterized by fine-grained mixed deposits, where the interplay of
generally opposing processes results in complex depositional arrangements of both carbonate and siliciclastic fine-grained components.
Moreover, post-depositional factors can lead to alterations that obscure the primary characteristics of these successions. Consequently, they
often appear homogeneous in outcrops, making geochemical studies essential for analyzing their intrinsic differences. The study of rare earth
element and yttrium (REY) patterns in carbonate components provides a valuable tool for paleoenvironmental reconstruction and
understanding diagenetic processes that may have caused post-depositional alterations. Geochemical proxies, such as cerium anomalies that
reflect the oxygenation conditions of the seawater in which the carbonates precipitated, or the Y/Ho ratio used to detect inputs of waters with
different compositions (e.g., freshwater or seawater) or siliciclastic contributions, represent an innovative approach for studying these
formations. The Vaca Muerta Formation (VMF, Tithonian-Berriasian) constitutes the main productive source rock in Argentina. It is a fine-
grained succession characterized by carbonate components (mainly primary micrite), siliciclastic components (quartz, feldspars, clays), and, to
a lesser extent, pyroclastic materials, organic matter, pyrite, and oxides. Its high hydrocarbon generation capacity is attributed to the excellent
preservation of organic matter, linked to the low oxygenation levels prevailing during its deposition. The VMF extends across the Neuquén
Basin, outcropping along its western margin and spanning a vast area throughout the Neuquén Embayment. This study presents an analysis of
rare earth element and yttrium (REY) patterns in VMF mixed mud (mainly carbonate), aiming to reconstruct paleoenvironmental conditions
and evaluate paleo-oxygenation during carbonate precipitation in equilibrium with seawater. A dataset from cutting samples collected from
three wells along an SE-NW transect is introduced. A total of 52 samples were treated with 2% v/v HNO3 to isolate the carbonate phase and
analyzed via ICP-MS to obtain REY patterns. Additionally, XRD mineralogy, as well as major and trace element XRF geochemistry analyses,
were conducted to assess the distribution and preservation of the original mineralogy and chemical signal of the samples. REY pattern
preservation was evaluated using correlation diagrams illustrating the main potential sources of alteration. The cerium anomaly was below 1,
with an average of 0.42, interpreting that as carbonate precipitation under oxic conditions. This contrasts with the anoxic character of VMF
sedimentary conditions, revealed by the presence of pyrite and large amounts of organic matter. Consequently, a biogenic origin is proposed for
the carbonate formed in the water column and shallower areas, with good preservation of the original chemical signal. The Y/Ho ratio
predominantly shows values greater than 36, consistent with normal marine seawater conditions. However, values below 36 were observed in



the SE sector, indicating variability in this ratio across different areas, probably related to shallower settings and freshwater influence in the
southeastern sector.



