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Abstract 

 

The Santos Basin is renowned for its prolific Aptian-age pre-salt carbonate reservoirs (Barra Velha and Itapema formations), which hold 

significant hydrocarbon reserves. Located beneath a thick salt layer, these reservoirs present complex imaging challenges due to complex 

stratigraphy, variable rock properties, limited seismic resolution, and halokinetic-related faulting, making manual fault interpretation time-

consuming and difficult. Accurate fault interpretation is crucial for understanding reservoir compartmentalization, fluid flow, and well 

placement, particularly in challenging geological settings like the pre-salt reservoirs of the Santos Basin, Brazil. This study explores the 

application of advanced deep learning techniques to map faults in the Lula and Gato do Mato oil fields within this basin. Specifically, we aim 

to accurately map both Aptian-age pre-salt carbonate faults, critical for understanding reservoir compartmentalization and fluid flow, and post-

salt faults, extending from the top of the salt layer to the seafloor, which can affect well placement and drilling safety. This research utilizes a 

large Pre-Stack Depth Migrated (PSDM) seismic survey, encompassing approximately 1,700 sq km, centered on the BS-500 block. Our 

approach uses a novel deep learning methodology for mapping these faults. We train convolutional neural networks (CNNs) with 3D seismic 

amplitude data as the primary input, supplemented by up to two additional seismic attribute volumes. Geometric attributes, like variance and 

edge, which highlight discontinuities in seismic data, are routinely used in manual fault interpretation. This research investigates how 

incorporating these and other attributes such as RMS amplitude, dominant frequency, and cosine of phase, alongside seismic amplitude data, 

impacts the performance of our deep learning models. We systematically compare the performance of neural networks trained with multiple 

volumes (MV)—combinations of amplitude, variance, edge, root mean square (RMS) amplitude, dominant frequency, and cosine of phase—

against baseline networks trained using only seismic amplitude data. We tested various attribute combinations as inputs for training, enabling 

us the evaluation of each attribute’s relative importance and identify the optimal combination. Furthermore, the performance of two prominent 

CNN architectures: UNET and ENET, both known for their effectiveness in image segmentation tasks like fault mapping, was compared. 

Additionally, the effect of different loss functions during the training process was investigated to optimize the accuracy and efficiency of the 

models. Results demonstrate that compared to the single volume training, multi-volume training significantly enhances fault mapping accuracy 

and efficiency requiring fewer training cycles. A key finding is that, for pre-salt fault interpretation, the best results are consistently achieved by 

combining amplitude with attributes that provide both geometric (variance) and phase/frequency (cosine of phase, dominant frequency) 

information. Geometric attributes highlight discontinuities in the seismic data, while phase and frequency attributes provide insights into fault 

geometry and continuity that are not captured by amplitude alone. 


