Global Geodynamic Control on Phanerozoic Carbonate Platforms: Improving Carbonate Exploration Integrated
Models

Aurélie Tassy!, Omar Nacef?3#4, Cyprien Lanteaume?, Julien Michel?, Philippe Léonide3, and Jean Borgomano?®

Search and Discovery Acrticle #42599 (2025)**
Posted November 11, 2025

*Adapted from extended abstract based on oral presentation given at AAPG International Conference and Exhibition (ICE) Rio de Janeiro, 30 September - 3 October, 2025.
**Datapages © 2025. Serial rights given by author. For all other rights contact author directly. DOI:10.1306/42599Tassy2025

TotalEnergies — Centre Scientifique et Technique Jean Féger, 64000 Pau, France
2Akkodis, 4 rue Jules Ferry, 64000 Pau, France

3Aix-Marseille University, CEREGE, 3 place Victor Hugo, 13003 Marseille, France
“Halliburton - Columbusstraat 19, 7825 VP Emmen, Netherlands

Abstract

Carbonate platforms are considered complex, heterogeneous at all scales, and often poorly imaged with seismic that contributes to making the
prediction of carbonate reservoirs in exploration very uncertain.

During the Phanerozoic, carbonate platforms have been influenced by a great variety of physical and biological controlling factors that operate
from global to local scales. This resulting intrinsic complexity is difficult to characterize and model, especially when data are limited like in
frontier exploration. Predicting geologic geometries and properties based on limited and uncalibrated seismic data generally relies on a priori
knowledge and equivocal interpretations that are marked by geologist perception and personal experience. To overcome these uncertain seismic
interpretations, we developed a methodology that relies on an exhaustive analysis of a global data base and stratigraphic forward models.

The most prominent factors that control ancient and modern marine carbonate sedimentary systems are generally considered as seawater
conditions (e.g., temperature, chemistry, nutrients, and hydrodynamics), climate, oceanography, sea level, subsidence, ecology, and biology of
the carbonate producers. Despite the pioneer subsidence-controlled atoll model from Darwin, geodynamic processes are generally ranked as
secondary factors wrapped up in the so-called “geological framework or background,” or “tectonic context”. This study investigated the
coupling between geodynamic settings and geometry, physiography, and stratigraphic architecture of Phanerozoic carbonate platforms with the
support of a global data base. The objective is to identify and quantify the impact of geodynamic controls on carbonate platforms and possible
global trends during the Phanerozoic to improve carbonate prediction from seismic. The carbonate platforms are characterized in terms of
geometry, stratigraphic architecture, time duration, preservation rate, progradation and rates of progradation, platform type, and thickness.
Geodynamic parameters are characterized in terms of basin physiography, basement depth and type, tectonic setting, and subsidence origin.
Relationships between carbonate parameters and geodynamic characteristics are investigated, leading to nine models of Geodynamic Carbonate



Platforms, with typical physiography and associated rates of subsidence. Global trends during the Phanerozoic of carbonate platform lateral
extend, progradation, or thickness are tentatively interpreted in relation to geodynamic settings, tectonic subsidence and sea level changes.
Passive margin is the most favorable geodynamic setting for the development of carbonate platforms in three dimensions. The continental crust
hosts most of the carbonate platforms independently of time and geodynamic settings. Carbonate platforms developed above exhumed mantle
or oceanic crust (volcano) are the exception or very small and isolated.

These parameters and attributes are then integrated in the seismic evaluation workflow with forward-modeling approaches to test the validity of
common exploration assumptions. With this approach we can test the validity of common exploration assumptions (e.g. presence of carbonate
reservoirs) and of geologic interpretations (e.g., stratigraphic correlations and carbonate platform architecture) that are determined from a
limited amount of data. Predictive palaeogeographic map representing the global distribution of carbonate stratigraphic architectures in
relations to geodynamic settings can be realized.
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Can we predict carbonate systems from a limited dataset?
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Can we predict carbonate systems from a limited dataset?

Limited record and multiple interrelated
parameters:

the carbonate conundrum
(cf. Pomar & Hallock, 2008)

Need of conceptual classifications and

consistent, systematic approaches
(e.g., Miall, 1999; Miall & Miall, 2001; Michel et al., 2023)
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Global to reservoir carbonate prediction

Making the most
of available data
& knowledge

- Time-effective
work but
unconstrained
uncertainties &
limited
knowledge gain
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Also cf. Schlager, 2005; Kiessling et al., 1999, 2002, 2003 (PaleoReef Database);

G lo ba l ca rbo n ate p re d i cti O n Markello et al., 2007 (CATT); Badali, 2024
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Global carbonate prediction
EOCENE CARBONATE ACCUMULATION GEOMETRIES
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Database building

Quantitative parameters:

Paleogeographic location
Age and duration
Dimension (thickness, width, along dip)

Preserved sedimentation rate

Categorial variables:
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Geodynamic context
Morphology
Carbonate factory
Sedimentary profile
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Photozoan factory simulation (~rudist/skeletal platforms) = warm & Pohletal., 2019; Michel et al., 2019

oligotrophic seawaters (~25°C<SST<~31° winter - 34°C summer)
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Global carbonate prediction: bibliography

Phanerozoic, global carbonate
platform synthesis

Leinfelder et al., 2002; Upper Jurassic

Kiessling et al., 1999, 2002, 2003 (PaleoReef Database)
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