Identification of Clay and Mineral Fractions in Mudrocks Using Semantic Segmentation on SEM Images
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Abstract

Seal rocks play an important role in protecting oil and gas resources by acting as barriers due to their low porosity and absence of fractures,
which reduce their permeability. To determine the effectiveness of the rocks in protecting these natural resources, a key parameter to be
evaluated is the clay minerals content, as it is necessary to study porosity and permeability. These rocks are composed of various minerals and
clay minerals subjected to mechanical compaction and chemical changes with time and overburden history. Previous studies have shown that
most pores are in the clay mineral regions (intergranular), with only a few occurring within mineral grains (intragranular). Given the
complexity of the composition of these rocks, determining the fractions of clay minerals to understand the properties of the rock is critical. In
this contribution, we examined 14 mudrock samples from 6 different wells located in the Guaruja and Itanhém formations within the Santos
Basin. The samples were selected because of their similar composition and overburden depths ranging from 890 m to 4706 m. These facies
were formed during the Drift Stage of the basin's development, characterized by extensive sequences of muddy and carbonate rocks with low
porosity. They serve as important sealing rocks for the Pre-Salt carbonate reservoirs in the region. The samples were prepared by mechanical
and broad ion beam polishing. High-resolution Scanning Electron Microscopy (SEM) images were acquired. They were composed of feldspars,
quartz, mica, and clay minerals as determined by electron Energy Dispersive Spectroscopy maps. Electron back-scattering images of the
samples reveal the differences between clay minerals and minerals-bearing regions and were used to accurately determine their fraction in the
samples. The initial step to automate this process involves defining a segmentation threshold for the images. The challenge exists because the
gray levels of minerals and clay minerals are very similar, making traditional threshold determination methods ineffective. Therefore, we
trained a deep-learning network to segment these classes. They were labeled in the SEM images as: clay minerals, minerals, and artifacts. The
latter were attributed to the sample’s extraction and did not reflect the rock’s structure. Additional objects were classified as background. A
total of 120 images were used for the network training and 30 for model validation. After labeling, a deep-learning U-Net architecture was
trained and applied to the validation images. A comparison between the labeled, considered ground truth, and the model's predictions was
made, and the validation metrics were calculated. Our method achieved an accuracy rate of 89.85% in classifying clay minerals, 77.69% for
other minerals, and 94.16% for the artifact class. Based on these accuracy rates, we found that the clay mineral fractions varied from 12% in a
sample located at a high overburden depth to 52% in a sample at a low overburden depth. This indicates a negative correlation between the clay
mineral fractions and the overburden of the samples; as the depth increases, the area occupied by clay minerals in the images decreases. This
trend can be attributed to the mechanical pressure exerted by the overlying sediments and diagenetic processes. Consequently, the role of clay
minerals in the compaction of rocks due to overlying sediments is crucial for understanding the physical properties of sedimentary rocks.



