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Petrographic analysis of thin sections in oil and gas exploration wells represents a crucial source of geological knowledge
from subsurface. Petrographic amalysiz provides gualitative observations on mineralogy, texture, diagenetic features,
porosity origin and evolution, etc. However, quantitative analysis is commonly limited to mineral percentages assessment
using comparison charts for visual estimation, and manual point-counting, using expensive mechanical stages, in very
few cases. Point-counting is subjected to petrographer’s experience, results can be biased and it is very time-consuming.
Since recently, fast automatic mineral guantification, including textural and grain-size information, was only possible
using expensive electronic microscopy equipment (QEMSCAN, fi.). For these reasons, this study explores the use of
machine learning supervised classification technigues applied to thin section images in order to perform fast quantitative
petrographic analysis at low cost and no time-consuming (Caja et al, 2019). To achieve this goal, we used a series of high-
guality thin sections obtained from a South-Atlantic exploration well drilled in pre-salt carbonate reservairs (Tritlla et al,
2018).

A total of 134 Side Wall Core rock samples (1 inch in diameter) were cut, impregnated with blue dyed epoxy resin and
prepared for petrographic thin sections with final high-guality {metallographic grade) polishing. Automatic high-
resolution thin section scans were performed with a Zeiss Axio Scan.Z1 whaole slide image scanner under plane polarized
light illumination and 10X magnification. The obtained whole thin section images were gigapixel images (i.e. mult
resolution image pyramids) with a maximum resolution of 0.44 microns per pixel.

The petrographic study of the thin sections allowed the definition of five main categories (Figure 1):

1) Depositional carbonates, corresponding mainly to “in-situ growths™ and reworked microbial shrubs and
spheruliths including large shrubs, small shrubs, bands or layers of spheruliths.

2) Clays, mainly identified as fine-grained talc-stevensite-kerolite, silty, argillaceous and carbonate mud.

3) Carbonate and silica cements; "Carbonate cement” corresponds to calcite and dolomite. "Silica cement”

presents different textures and generations, mainly opal, chalcedony and megaguartz, being all of them grouped under
a unigue category.

4] Bitumen, present-day solid hydrocarbons impregnating the rock.

L, Porosity, is manly interparticle, intraparticle, vuggy and intercrystalline.



Figure 1. Example of one scanned whole thin sections from the studied well, prepared from one inch
diameter Side Wall Core rock, with identification of the five categories differentiated.

An open-source software (ORBIT Image Analysis; Stritt et al, 2020) was carefully selected to perform a whole thin
section image analysis using machine learning based classification through multi-resolution image pyramids. A Support
Vector Machine (SVM) based classifier was used for pixel classification based on multivariate intensity and structural
input parameters. Training data was generated by manually drawing several representative annotations per defined
category after careful petrographic examination. The classification step then worked automatically: the features for
each pixel of each category were computed and the SVM outputs the corresponding category class.

The obtained results (Figure 2) show the classification and quantification of the five categories selected: depositional
carbonates, clays, porosity, carbonate and silica cements, and bitumen. One direct conclusion is the general abundance
of cements and the presence of scattered highly cemented samples as well. The porosity trend is also fully captured as
the samples with relatively highest porosities are easily identified and its relationship with bitumen abundances is also
revealed. Finally, clays abundance is exposed, being more abundant in the shallower part of the well.



The obtained classifications were visually evaluated for each thin section image (Figure 3). One of the main
misclassifications detected is silica cement, occasionally overestimated, so we decided to include both cementsin a
single category. The overall quantification results for the defined categories are representative for each sample.



Figure 3. Selected examples of the visual comparison of the obtained classifications using the supervised
machine learning algorithm: left column correspond to plane-polarized Light images, middle column to cross-
polarized light and right column to the obtained classification (distribution map).

Conclusions

In conclusion, the generated machine learning model was applied to a set of 134 thin section images performing a
supervised classification of five defined petrographical categories. This allowed to obtain quantitative petrographic
data in a very reduced time (overnight process) for a relatively large set of thin sections without introducing
petrographer’s experience bias. The next step consists to validate the performed visual evaluation with quantitative
results obtained using other independent techniques (e.g. point-counting, QEMSCAN).

Future work must be focused in the scalability of the generated machine learning model to other wells in the
same geological context to prove if categories can be classified and quantified correctly or if the model need
re-training with samples from new wells.
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