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Abstract Methodology

Sedimentary phosphate rocks are crucial for global food security,
contributing to over 90% of the fertilizer industry's needs. However,
their exploration and mining face significant challenges due to
substantial horizontal and vertical variations in phosphorus
concentrations within the strata. Traditional characterization methods
are time-consuming and costly, requiring complex sample preparation,
which often limits the spatial resolution of measurements across the
ore body. On the other hand, infrared hyperspectral core scanning has
emerged as a proven technique for rapid characterization of mineral
assemblages along drill cores, which by leveraging advanced machine
learning algorithms, offers a powerful tool for predicting geochemical
variations. In this context, our study aims to assess the ability of
hyperspectral infrared imagery to rapidly quantify the distribution of
P,Os in phosphate drill cores using a non-destructive methodology. For
this, a ¥65-meter drill core from the phosphatic series of Ben Guerir
(Morocco) was analyzed. P,Os measurements were acquired using a
Thermo Fisher XL5 portable XRF (pXRF), and hyperspectral images were
collected using a SPECIM SisuROCK core-scanner with SWIR (1000-2500
nm) and MWIR (2700-5200 nm) cameras. To predict P,0s
concentrations from infrared spectra recorded in hyperspectral
imagery, we explored a direct method, using high-performing machine
learning algorithms trained on a ~5-meter drill core dataset. When
applied to the whole drill core dataset, the machine learning
algorithms—Random Forest Regressor, KernelRidge Regressor, Gradient
Boosting, Support Vector Regressor, and K-Nearest Neighbors—
reported good predictive performance with strong correlations of 79%,
62.1%, 69.4%, 60.3%, and 68.7% in the SWIR region and 82.5%, 83.6%, Evaluate Models performances for P205 tracing compared to PXRF Measured Concentrations.
80.7%, 82.3%, and 85.1% in the MWIR region, respectively. Direct

estimation of P,Os using the Support Victor Regression model on MWIR

Infrared Core Imaging

1

Collect hyperspectral digital twin of drill core in SWIR and MWIR ranges.

X-Ray Core Profiling for P205

2 * Collect 330 measurement points along drill core using Portable XRF.
* Collect an additional 100 points focused on a single core box.

Models Building

* Use Core box 100’s spectral and respective geochemical datapoints to train
5 Regression models: Random Forest, Ridge, K-Nearest Network, Gradient
Boosting, and Support Vector Regressor

3

/.  P205 Estimation and Mapping

* Use each built model to Predict P205 Concentrations along the whole
drill core.

e Use Best Performing Model to Extract P205 concentration map from
training core box.

5 Models Evaluation

Figure 2. P,Os profile along the training sedimentary phosphate core box using PXRF (A),
compared to predicted map of P,Os using Support Vecrtor regressor (B).

imagery thus represents a more effective approach, offering significant .
potential for P,0s chemical mapping and improved phosphorus Results (1/2) Conclusion

resource estimation with a low mean absolute error of 3.07. Further
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an integrated approach to evaluate the potential of drill core =
scanning in addressing a key challenge in sedimentary  The overall calculated errors are relatively low however, they o e = zflatrtml,tB(.jA.ilHarrls, A-tC-I, Cgrey, RI-, Gogdex, Nfz' Holni_y, F., &Tlt\ifllll, NT- (2|01f7)-
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phpsphate mml.ng tracing geoc.:hemlcal variations of eIerT\ents suggest adopting model performance improvement to reduce Figure 1. Hyperspectral Core scanning and pXRF data integration results. From left to right: RGB Exploration, Mining and Research. www.coreshed.com
of interest, particularly P,Os at high coverage and reduced time. outliers’ effect. image of studied drill core. Geochemical variations of P,Os measured using Portable X-ray

Fluorescence (PXRF) compared to Support Vector Regressor prediction in MWIR range.
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