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Abstract

Diagenesis is challenging to investigate and predict, yet it significantly affects reservoir quality. Understanding diagenesis is typically limited
to analyses of thin sections and core laboratory studies. This study proposes an innovative approach to quantitatively characterize the degree of
diagenesis in continental deposits, utilizing relevant well logs and thin sections. The current workflow concentrates on two specific types of
diagenesis known to impact the initial reservoir porosity and permeability: quartz overgrowths and clay coatings. An applied multidisciplinary
solution involves advanced image analysis of thin sections to quantify quartz overgrowth and clay coating. Computed features are therefore
used to label relevant log-set and predict the occurrence and intensity of the diagenesis throughout the entire interval of interest. By utilizing
logs that are more responsive to matrix solidity for the Quartz Overgrowth model, such as sonic, borehole images, and background
conductivity, and assigning more weight to clay type-related logs like Thorium and Potassium concentration, and spectral Gamma-ray in the
clay coating model, relevant cross-plots can be generated to illustrate the relationships between diagenetic processes. After analyzing more than
one-hundred thin sections amongst several wells drilled through five different continental depositional settings, results reveal the possibility to
define and confirm seven diagenesis classes based on the intensity of quartz overgrowth and clay coating. A qualitative relationship has been
observed between the diagenesis type and depositional settings, but more important, the impact of the diagenesis intensity over porosity and
permeability has also been established. This work put the foundation and the motivation for developing a quantitative method to extract
diagenesis-related image features from thin section visible and polarized images. An extensive log analysis and critical comparison with thin
section and diagenesis image features confirmed that diagenesis can be identified from the logs and that a machine learning (ML)-based model
can be used to predict quartz overgrowth and clay coating from specific logs. In many parts of the world, the continental deposits are
significant hydrocarbon reservoirs. The reservoirs consist of sediments deposited in a broad variety of depositional environments and under the
influence of varying climatic conditions, which have a significant impact on rock diagenesis and reservoir quality. Thus, this prediction
technique represents a substantial advance in understanding complex and heterogeneous subsurface siliciclastic reservoirs. Current innovative
workflow enables the synthesis of virtual quartz overgrowth and clay coating quantitative logs, unlocking new opportunities for reservoir
quality prediction and understanding. This method leverages and maximizes the value of information previously limited to thin section
descriptions, which were challenging to scale up and apply broadly. The gap between rock grains and reservoir volumes has significantly
narrowed, enabled by the pioneering advancements achieved through this study.



