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ABSTRACT

The Late Jurassic Arabian carbonate platform’s intrashelf basinal strata host the primary source rocks responsible for
hydrocarbons in many of the Middle East’s super-giant reservoirs. As these sequences become targets for
unconventional exploration, understanding the processes that drive compositional variability in these source rocks has
become increasingly critical. We assess the impact of the basin geometry and its hydrodynamic system (basin
circulation and the associated environmental parameters — temperature and salinity) with the aim to better define and
predict the distribution of source rock facies deposited in the Late Jurassic (Callovian/Oxfordian) Arabian intrashelf
basin. The KAUST supercomputer Shaheen 111 was used to simulate paleo-hydrodynamic conditions using the open-
source MITgem (MIT General Circulation Model).

Hydrodynamic results show that organic matter production, preservation, and distribution varied with sea level stages.
During high accommaodation periods (late transgressive/early highstand), the basin remained well-circulated and open
to the Tethys Ocean, with strong surface currents along the eastern margin driving upwelling and establishing an east-
to-west productivity gradient. Bottom currents were mostly limited to shallow margins, leaving deeper areas stratified
and enhancing preservation at depth. In contrast, during low accommodation periods (early transgressive/late
highstand), the basin shallowed and became more restricted, slowing surface circulation. Weakened surface currents
were insufficient for upwelling, resulting in more uniform organic matter production. In deeper parts, active bottom
currents transported flocculated organic matter, leading to heterogeneous distribution. These currents also introduced
suboxic to dysoxic conditions on the seafloor, reducing preservation and introducing bioturbation. During lowstand
periods, exposure of the shelf further isolated the basin, restricting Tethyan inflow to a narrow inlet. Hypersaline
conditions developed, stimulating localized productivity driven by cyanobacterial and phytoplankton blooms. The
highest productivity occurred in the western part, most hypersaline region of the basin.

Hydrodynamic simulations of paleo-basins are critical for understanding the processes controlling organic matter
genesis, preservation, and distribution at the time of deposition. This process-based approach explains vertical and
lateral facies variations within a sequence stratigraphic framework. We propose that well-constrained bathymetry and
circulation models can improve predictions of organic matter distribution, aiding hydrocarbon expulsion modeling and
unconventional play assessment.





