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Abstract: This work presents an FTIR spectroscopic analysis of sediments collected at three different sites (APSTR 11, 12, and 13) in the Novo Horizonte region, Chapada Diamantina, Bahia, known for intense rutilated quartz mining activity. The samples were divided into four particle size fractions (ASTM 18, 35, 80, and 230) and analyzed to identify compositional variations among the different particle sizes. The spectra revealed bands characteristic of silicate minerals, with peaks around 911 cm⁻¹ and 1005 cm⁻¹, suggesting a strong presence of quartz and clays. Comparison between the spectra revealed subtle differences in band intensity, indicating variations in mineralogical concentration between the fractions. The results contribute to understanding the composition of sediments in mining areas and their potential environmental implications.
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Introduction

Chapada Diamantina, located in Bahia, is a region of remarkable geodiversity, marked by unique geological formations and a long history of mineral exploration, primarily focused on extracting rutilated quartz and diamonds(1). 
The municipality of Novo Horizonte, inserted in this context, presents areas intensely modified by mining activity, directly impacting local sediments' composition.
Mineralogical characterization of sediments in mining areas is essential for understanding environmental change processes and the risks of mobilizing fine particles and contaminants. In this sense, Fourier transform infrared spectroscopy (FTIR) has emerged as an efficient tool for identifying functional groups and minerals in solid samples, with increasing application in geological and environmental studies(2).
Although traditionally used in organic chemistry and biochemistry, FTIR has gained ground in geoscience, especially in soil and sediment analysis. Tkachenko & Niedzielski (2022) emphasize that, despite the scarcity of mineral-specific spectral data, the technique allows for a robust qualitative assessment of solid samples, with advantages such as simple preparation, speed, and the possibility of direct analysis of powders and films. Studies such as that by Patty et al. (2017) demonstrate FTIR's ability to identify functional groups such as Si–O, OH, C=O, and N–H in marine and river sediments, correlating them with the presence of minerals and heavy metals(2,3).
This work proposes the spectroscopic characterization of sediments collected from three different sites in Novo Horizonte, Bahia, using the FTIR technique in various particle size fractions (ASTM 18, 35, 80, and 230). The objective is to evaluate compositional variations between particle sizes and discuss possible environmental and geological implications associated with mining activity in the region.
Study area

The study area is in the rural area of the municipality of Novo Horizonte, approximately 553 km from Salvador, in the western portion of the state of Bahia. Located in the Western Chapada Diamantina region, the mountainous physiography has altitudes ranging from 1,109 to 1,190 meters. The geographic coordinates of the sampling points range from 12°47′22.8″S to 12°49′1.8″S latitude, and 42°25′36.5″W to 42°21′6.2″W longitude. The semi-arid climate has prolonged dry periods and a concentrated rainfall pattern between October and May. Geologically, the area is located within the Espinhaço Supergroup, a geotectonic unit formed by intracontinental rift systems filled with Mesoproterozoic sedimentary and volcanic rocks that were subsequently deformed. The predominant soil is the Litholic Neosol, which is poorly developed and associated with the region's rugged terrain. The local vegetation is transitional, with characteristics of caatinga and cerrado, composed of tree and thorny species, adapted to low-humidity conditions. Even during dry periods, dense, medium- to large-scale vegetation cover is observed (1,4).
Material and methods 

Soil Sample
Soil sampling was performed by opening wells in the field, with visual and tactile analysis of the soil horizons to define the most suitable layers for collection. Samples were taken from horizon B and, in its absence, from horizon C, avoiding horizon A due to interference from organic matter. Three deformed samples were collected (~6 to 8 kg each). The collection was done by carefully scraping the walls of the wells below horizon A. The deformed samples were subjected to quartering and homogenization on a surface lined with plastic tarpaulin and later packaged and identified for later analysis.

The collected soil samples were sent to the laboratory, oven-dried at a constant temperature of approximately 60°C for 48 hours to remove natural moisture and ensure component stability during spectroscopic analysis. The dried sediments were then sieved using sieves connected to an MBL electromagnetic sieve shaker (Model: AGMAGB 220V).

Separating them into four particle size fractions according to the ASTM standard: ASTM 18 (1.0 mm), ASTM 35 (0.5 mm), ASTM 80 (0.18 mm), and ASTM 230 (<0.063 mm). The image below (Figure 1) illustrates the entire sample preparation process.
Figure 1: Schematic representation of the process of preparing and analyzing soil samples
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Results and discussion

Samples APSTR 11, 12, and 13, collected in the region of Novo Horizonte, Chapada Diamantina, Bahia, were subjected to a drying process and subsequent particle size separation as described in the methodology section. Each fraction: ASTM 18 (1.00 mm), ASTM 35 (0.50 mm), ASTM 80 (0.18 mm), and ASTM 230 (0.063 mm), was analyzed by Fourier transform infrared spectroscopy (FTIR) to investigate the influence of particle size on the mineralogical composition and spectral properties of the sample.
Sample APSTR 11 presented spectra with modest intensities in all fractions, with prominent peaks around 910 cm⁻¹ and 1005 cm⁻¹, associated with clay minerals and silicates. The O–H bands were discrete, indicating low mineral hydration, as can be seen in Figure 3. The spectral distribution indicates a simple mineralogical composition, predominance of quartz and feldspars, and little presence of secondary minerals or organic matter. This sample may represent a less weathered profile with lower surface chemical activity.

APSTR 12 showed a clear evolution in peak intensity as particle size decreased. The ASTM 80 fraction was the most expressive, with intense peaks at 911 cm⁻¹ and 1005 cm⁻¹ and well-defined O–H bands. This indicates a strong presence of hydrated clay minerals, such as kaolinite or illite, concentrated in the finer particles. The decrease in intensity in ASTM 230 suggests that the most active minerals are distributed primarily in the intermediate fractions, as demonstrated in Figure 3. The presence of structural water and hydroxyl groups reinforces the weathered character of the sample, possibly associated with tropical soils with a greater degree of evolution.

Finally, APSTR 13 presented an intense and consistent spectrum across all fractions. Even in ASTM 18, the peaks at ~910 cm¹ and ~1001 cm¹ were already higher than those of the other samples, indicating a strong presence of vibrationally active minerals in the larger particles. The O–H bands were intense and stable, suggesting a homogeneous distribution of hydrated minerals. Furthermore, organic matter was detected in all fractions, with bands at 1646 cm⁻¹ and 1540 cm⁻¹, which was not observed with the same clarity in the other samples, as illustrated in Figure 3. This rich and distributed composition may indicate a more mature soil profile, with greater water and nutrient retention
capacity, and the possible influence of organic matter on mineral formation.
Conclusion
FTIR spectroscopic analysis of samples APSTR 11, 12, and 13 from Chapada Diamantina revealed significant mineralogical composition and functional group distribution variations across the different particle size fractions. The results demonstrate that soil mineralogy in the region is closely related to the degree of weathering and the presence of organic matter, reflecting different stages of pedogenetic evolution.
Sample APSTR 11 presented discrete spectra and low mineral hydration, indicating a less weathered profile, with a predominance of primary minerals such as quartz and feldspars. In contrast, APSTR 12 revealed greater spectral intensity in the fine fractions, with a marked presence of hydrated clay minerals, suggesting a more evolved soil with greater surface chemical activity. APSTR 13 stood out for its spectral consistency across all fractions. Its strong presence of hydrated minerals and organic matter indicates a mature profile with high water and nutrient retention capacity.
Figure 3: FTIR spectra of soil samples APSTR 11, APSTR 12, and APSTR 13 for different soil fractions.
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These results demonstrate spectroscopy's relevance in studying tropical soil mineralogy, allowing inferences about pedogenetic processes, nutrient adsorption potential, and contaminant dynamics. Furthermore, the presence of hydrated clay minerals, intense O–H and C=O bands, and the concentration of vibrationally active minerals in the fine fractions of APSTR 12 and 13 samples suggest conditions compatible with rare earth element (REE) retention environments in exchangeable or adsorbed forms. This configuration is like that observed in ionic clay deposits, where light REEs such as lanthanum, cerium, and neodymium accumulate on secondary mineral surfaces (5,6).
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