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Abstract

Carbonate-hosted Zn-Pb deposits, especially of the Mississippi Valley-Type (MVT), are crucial for supplying critical elements (e.g., Zn, Pb,
Ga, Ge, Ag), which are vital for sustainable energy technologies, such as energy storage, and semiconductors. These deposits often have
associated pyrobitumen, which suggests a link between mineral and petroleum systems. In where pyrobitumen may contribute to ore
precipitation by acting as a sulfate-reducing agent and sulfur source. This study discusses the potential of pyrobitumen as a vector in the
exploration for Zn deposits (and associated elements) based on the study of the Bonsucesso deposit and the Bento Carmelo (BC) occurrence,
located in the Vazante-Paracatu district. The methods integrated into this study include petrographic analyses, scanning electron microscopy,
cathodoluminescence, portable X-ray fluorescence (pXRF), and Raman spectroscopy. In the Bonsucesso deposit, pyrobitumen occurs
predominantly within dissolution features, stylolites, and fractures, often associated with pyrite. Conversely, in BC, pyrobitumen is more
abundant and closely associated with dolomite veins, dissolution structures and pyrite-rich intervals at the interface of dolomite veins and the
host dolostone. The pXRF analyses of the pyrobitumen indicate a high content of Zn (4.1-4.2%), Pb (2.7-2.8%), and S (6.4-6.5%), pointing to
the interaction of hydrothermal metalliferous fluids with hydrocarbons during the mineralization. This supports the pyrobitumen participation
and its favorable influence on the precipitation mechanisms of sphalerite and galena, acting as a sulfate-reducing agent or sulfur source. The
application of Raman spectroscopy allowed us to characterize the pyrobitumen and estimate the maximum temperature it attained (151-324 °C
in Bonsucesso; 208-302 °C in BC). The temperatures herein obtained are similar to those previously identified through fluid inclusions in the
Zn-Pb deposits of the Vazante-Paracatu district (Ambrosia: 180-300 °C; Fagundes: 150-280 °C; Vazante: 110-270 °C; Morro Agudo: 110-240
°C). Additionally, lithochemical whole-rock data of the Bonsucesso deposit show a significant Ag enrichment in pyrite-rich intervals, relatively
high Ga contents associated with the main mineralization zone, and high Ge concentrations in hydrothermal breccias. These patterns suggest an
enrichment process driven by the development of structures that allowed fluid migration, potentially linked to the migration of pyrobitumen.
The results suggest that pyrobitumen in the Bonsucesso deposit is closely linked to metallogenic processes, as highlighted by a comparative
analysis with its occurrence in the BC rocks. In both locations, pyrobitumen is associated with hydrothermal activity, migrating along fractures
that acted as fluid pathways. The potential of pyrobitumen as an exploration vector lies in its capacity to migrate through fractures and
permeability zones along with mineralizing hydrothermal fluids. In this way, the presence of pyrobitumen in fractures, veins and dissolution
structures affecting carbonate rocks can indicate preferential fluid pathways that may precipitate ore minerals. In conclusion, pyrobitumen



holds potential as an exploration vector of carbonate-hosted Zn-Pb deposits, owing to its distinctive characteristics and inherent role as a
marker of ore fluid pathways.



