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Abstract 

 

Stratigraphic forward modeling allows the realization at basin scale of 3D deterministic carbonate facies models by simulating in time and 

space sedimentologic-stratigraphic processes from initial conditions (amongst others: Bosence and Waltham, 1990; Kendall et al., 1991; 

Bosscher and Schlager, 1992; Granjeon and Joseph, 1999; Warrlich et al., 2002; Burgess and Wright, 2003; Burgess et al. 2006; Schlager and 

Warrlich, 2008; Seard et al., 2013). 

  

This computer stratigraphic simulation method (implemented with the IFPEN Dionisos software) requires input parameters characterizing the 

modeled basin and its evolution through time: initial 3D sea bottom topography (altimetry and bathymetry), initial sea level, 3D subsidence 

evolution, eustatic sea level history, carbonate production and erosion rates and water driven transport coefficients. An important aspect of this 

method is that the input parameters, and the subsequent models, are dependent upon local and global factors (climate, geodynamic, carbonate 

factories) obtained respectively from subsurface (seismic and wells) and outcrop data in the area of interest and from global knowledge. 

Modeled processes, such as carbonate production, can be calibrated by analogue, ancient or modern carbonate systems. Ideally, this 

stratigraphic forward modeling is part of an iterative workflow implying the comparison between real and synthetic seismic obtained from the 

stratigraphic model. In the context of subsurface carbonate prediction, this approach improves significantly the coherency between numerical 

models, subsurface data and geological concepts (Figure 1). 

 

Global and Local Input Parameters to the Carbonate Stratigraphic Forward Modeling 

 

Most critical steps in this workflow are (1) the establishment of the initial surface (paleo-bathymetry), (2) the determination of accommodation 

and subsidence evolution, both based upon seismostratigraphic and sedimentological interpretations and (3) the determination of carbonate 

production and transport that are related to the type of carbonate environments and factories (Pomar, 2001). In this deterministic approach, 



several iterative modeling and sensitivity analysis can be carried out depending on the level of confidence attached to the different input 

parameters. 

 

This modeling method has been applied to key stratigraphic sequences of Late Jurassic to Late Cretaceous interval in the Arabian region with 

the main objective of predicting carbonate sedimentary and stratigraphic systems with significant hydrocarbon stratigraphic trap potential. 

Unlike classical seismosequence stratigraphic interpretation of carbonate systems, this method allows the realization of carbonate stratigraphic 

architectures with subtle geometric variation and facies changes not necessarily detected by seismic and obtained by and stratigraphical well 

correlation (Borgomano et al., 2008). This is particularly true for Cretaceous carbonate ramps with flat topography and gradients such as the 

Kharaib, Shuaiba, Natih or Mishrif Formations (Figure 2). 

 

 

Illustration of the Shuaiba-Bab Transition in the Bu Hasa Area 

 

Complex stacking of stratigraphic system tracts (prograding-aggrading-retrograding-truncation, pinchout), sedimentary geometries (sheets, 

clinoforms, lobes, mounds, incisions) and facies (inner shelf mudstone, rudist-bioclastic shoals, outer shelf marls), are modeled independently 

and away from well controls (Figure 3). For example, in the Thamama Group, the transition between the Shuaiba platform and the Bab 

intrashelf basin has been the object of several realizations, with prominent low angle clinoforms and isolated rudist shoals (Figure 4). 

 

Testing Different Sea Level Curves for the Shuaiba-Bab Interval 

 

In the Wasia Group, aggrading mini-platforms adjacent to intra-shelf basins, inner shelf rudist banks or prograding outer shelf shoals, have 

been simulated with strong control of differential subsidence and water energy gradients. Such 3D models of facies and stratigraphic 

architectures can be analyzed in the perspective of stratigraphic trap potential in undrilled zones. 

 

Conclusions 

 

We conclude that it is a powerful method to model subtle carbonate stratigraphic architectures, at basin scales, controlled by very low angle 

sedimentary profiles (ramp, flat-topped shelf, rimmed shelf), subsequent weak bathymetric, and water energy gradients, and in response to 

differential accommodation. 
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Figure 1. Stratigraphic forward modeling example characterizing the modeled basin and its evolution through time. 



 
 

Figure 2. Example of modeling method applied to key stratigraphic sequences. 



                               
 

Figure 3. Complex stacking of stratigraphic system tracts modeled independently from well controls. 



 
 

Figure 4. Model DIONISOS cross-section from Bu Hasa Field to Bab Basin. 




