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Abstract  

Airborne gamma-ray spectrometry (AGRS) is a useful 
tool for geological mapping, mineral exploration, and 
geomorphological studies. The variations observed in 
AGRS data are typically used to differentiate geological 
units. Geological mapping with AGRS data is usually 
performed by visual interpretation, which requires expert 
knowledge and time. In this paper, we apply 
unsupervised clustering on principal component analysis 
images derived from primary variables (potassium, 
uranium and thorium) to automatically map geological units 
in Mara Rosa – Goiás, Brazil. Gaussian Mixture Models 
(GMMs) is an unsupervised clustering method that 
automatically estimates the number of clusters in a dataset 
and was poorly explored in the context of geological 
mapping. The GMM classification of principal component 
analysis images showed correspondence with geology, 
facilitating the interpretation. 

Introduction 

Gamma-ray spectrometry is widely used for surface 
geological mapping and mineral exploration (e.g. Graham 
& Bonham-Carter 1993; Charbonneau et al. 1997, Shives 
et al. 2000, Wilford 1997).  

The airborne gamma-ray spectrometry (AGRS) method 
measures the relative abundance or concentration of 
potassium (K), uranium (eU) and thorium (eTh) in rocks 
and weathered materials up to 30–45 cm deep by detecting 
the gamma radiation emitted by the natural radioactive 
decay of these elements (Dickson & Scott, 1997; Minty, 
1997; Wilford et al., 1997; Wilford, 2002; IAEA, 2003). The 
main sources of gamma radiation are derived from the 
disintegration of potassium 40 (40K), uranium 238 (238U) 
and thorium 232 (232Th) series. 

The standard AGRS processing consists in basic K, eTh, 
eU maps and ternary (K-eTh-eU) images to evaluate 
lithological information, and secondary maps to analyze 
features of interest (mineral exploration, environmental 
issues, among others). Secondary maps are based in 
operations between the radioelements. Usually, the 
geophysical - geological interpretation is based on visual 
pattern recognition. In order to evaluate this data with a 
quantitative analysis, we combined unsupervised 
clustering and principal component analysis of AGRS data.  

Study area 

We tested the proposed methodology in an area located in 
the State of Goiás (Fig.1), inserted the Aerogeophysical 
Project Mara Rosa Magmatic Arc (CPRM, 2004) illustrated 
in figure 1. The Mara Rosa Magmatic Arc (Fig.2) is inserted 
in the geological framework of the Tocantins Province, 
which corresponds to an expressive neoproterozoic 
(Brasiliano / Pan-African) orogenic zone. The Province 
eastern portion is occupied by the Brasília Belt, which 
comprises mainly a thick metasedimentary sequence and 
a large area where juvenile Neoproterozoic arc rocks are 
exposed (Goiás Magmatic Arc) (Silva et al., 2007).  

The Goiás Magmatic Arc is a Neoproterozoic crustal 
accretion, subdivided in Arenópolis Arc and Mara Rosa 
Arc, southern and northern portions, respectively (Pimentel 
2016). 

 

Figure 1 – Location of the study area in red, indicating the 
geophysical project in grey. 

The Mara Rosa Magmatic Arc consists of elongated 
volcano-sedimentary belts with NNE direction, 
individualized by orthogneisses with predominantly 
tonalitic (Arantes et al. 1991, Pimentel et al. 1997). The 
supracrustal sequences include expressive volume of 
mafic metavolcanic rocks, in addition to intermediate to 
felsic representatives, intercalated to metasedimentary 
rocks of detrital and chemical nature. The mineral 
paragenesis with granada, staurolite and cyanite indicate 
conditions of metamorphism in the greenschist to 
amphibolite facies (Della Giustina 2007).  
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Figure 2 – Geological map of the study area. 1 - Sin-Pos 
tectonic granites; 2- Gabbro-diorite; 3 - Orthogneiss-Biotite 
gneiss; 4 - Mara Rosa Volcano-Sedimentary Sequence; 5- 
Serra da Mesa group; 6 - Campinorte Volcano-
Sedimentary Sequence. 

Method 

Geological-geophysical maps based on AGRS data are 
usually produced by visual interpretation of a ternary 
image, which is a color composite image of K, eTh and eU 
in the red, green and blue channels respectively. Ternary 
images are used by geologists to manually map and 
delineate geological features of a given area. Geological 
mapping based on visual interpretation highly depends on 
the experience and knowledge of the interpreter and can 
be costly and operationally prohibitive to perform over large 
spatial extents. Thus, alternative techniques are needed to 
optimize the process and ensure reproducibility of results.  

Clustering analysis is a pattern recognition technique that 
aims to separate data into a set of clusters, such that each 
cluster contains similar data. Unsupervised clustering is 
applied when there is no available information on the 
classes present in a given study area. The k-means 
algorithm is one of the first unsupervised clustering method 
developed (Jain, 2010) and has been applied on clustering 
of AGRS data (e.g., Lima & Marfurt, 2018). The k-means 
algorithm performs iterative clustering, which aims to 
separate the data into a set of k classes (clusters). It uses 
the distance of each sample to the cluster centroid as a 
classification function and aims to minimize the sum of the 
distances among the samples and the closest cluster 
centroid. The main disadvantage of k-means is that the 
user should provide beforehand the number of clusters to 

partitioning the data, which usually leads to erroneous 
results. Gaussian Mixture Models (GMMs) is an 
unsupervised clustering method that automatically 
estimates the number of clusters in a dataset and was 
poorly explored in the context of geological mapping. 

The GMM algorithm aims to estimate the parameters of the 
Gaussian distributions associated with each cluster (mean 
vector and covariance matrix) and the respective mixture 
components. Thus, each cluster is modeled not only by its 
mean vector, which is the case of k-means, but also by the 
covariance matrix, giving the model more flexibility to fit the 
data. To use the GMMs, it is necessary to estimate the 
proportion of each class and the respective mean vectors 
and covariance matrices. The expectation-maximization 
(EM) algorithm (Friedman et al., 2001) is usually employed 
to this task, allowing the estimation of the Gaussian 
components in an iterative and automatic fashion. In a 
quantitative approach to estimate the number of classes 
using GMMs, the Bayesian information criterion (BIC) 
(Schwarz, 1978) is commonly used. The number of classes 
that provides the lowest BIC is considered the optimal 
value to cluster the data (Fig.3). 

In this study, we performed unsupervised clustering of 
AGRS data using GMMs on principal component analysis 
of primary variables (K, eTh and eU). Principal Component 
Analysis (PCA) is a multivariate statistical method that was 
successfully used to classify gamma-ray spectrometry data 
(Dragović & Onjia, 2006). PCA performs an orthogonal 
mathematical projection operation to convert the original 
data features into new uncorrelated features called 
principal components (PCs). 

Firstly, we have processed the data of the Mara Rosa 
Project (CPRM, 2004) resulting in basic maps - potassium, 
thorium and uranium. The ternary image (Fig. 4a) was 
obtained from these basic maps (K, eTh, eU). We 
transformed the ternary image (Fig. 4a) into a principal 
component image (Fig. 4b) and applied to it the GMM 
clustering method. Before applying the PCA 
transformation, we normalized the measured K, eTh and 
eU to the [0-1] range with the z-score method. This 
procedure was necessary because the primary variables 
varied in different ranges (K in percentage, eU and eTh in 
ppm). We then applied the GMM algorithm with classes 
ranging from one to ten, computing the BIC criteria at each 
realization. Finally, the PCA image was partitioned with the 
number of classes that showed the lowest BIC. The 
classified image was confronted against the geological 
map produced by visual interpretation to evaluate the 
potential of GMMs to automatically distinguish geological 
contacts in the study area.  

Results and Discussion 

The lowest BIC was obtained with seven classes (Fig. 3), 
thus we applied the GMMs with seven classes.  

Ternary maps show the variation of K, eTh and eU at each 
location. The image is created by combining potassium 
(red), thorium (green) and uranium (blue) to form a single 
image. The intensity of the three different colors reflects the 
importance of the K, eTh and eU individually. Combination 
of colors indicate a combination of relative elements. White 
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and black colors indicate high and low values in all three 
radionuclides. 

 
Figure 3 – Bayesian information criterion (BIC) obtained 
using one to ten classes to cluster the PCA image (Fig. 4b) 
of the ternary (K-eTh-eU) (Fig. 4a).  

Figure 4 indicates the ternary image and its correlation with 
the color composite of PCA image. The PCA analysis 

allows a quantitative interpretation. It is possible to note the 
similarity between the two images, except for the colors. 

Figure 5 indicates the final PCA classification with seven 
classes, and it shows a good correlation with geology. The 
granitic bodies (number 1 of Fig.5b) are well delineated 
and are mainly correlated with classes 1, 2, 5 and 7. The 
Gabbro-diorites (number 2 of Fig. 5b) are mainly related to 
class 1. 

The orthogneisses (number 3 of Fig. 5b) are correlated 
mainly with classes 1 and 2, there is also a well-delineated 
body associated with class 3 in the northeast. Related to 
the Mara Rosa Sequence (number 4 of Fig. 5b) are 
observed classes the 1, 2 and 5. 

The Serra da Mesa Group (number 5 of Fig.5b), has a 
particular signature that differs from all geological units in 
the area. It is mainly related to classes 4, 5 and 6. However, 
class 7 highlights one of its geological units. These classes 
may be related to the carbonate schist of the meta-psamo-
pelitic unit. 

The Campinorte Sequence (number 6 of Fig. 5b) consists 
of quartzites and a wide variety of mica schists. Within this 
larger unit are observed three smaller units (meta-
rhyodacite, meta-rhyolite and schists), that apparently are 
related to the radioelements highest values. In these units, 
the predominant classes are 3, 5 and 7. 

Figure 4 – a) Ternary (K-eTh-eU) map, b) Color composite of PCA images (R=PC1, G=PC2, B=PC3). 
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Figure 5 – a) Classification map obtained with Gaussian Mixture Models and principal component analysis, b) Geological map. 

 

Some geological features are highlighted more than 
others, this could possibly be related to its mineralogical 
compositions and should be further investigated. 

Conclusions 

Gamma-ray spectrometry maps are correlated with the 
geology of the study area. Usually, the geophysical - 
geological interpretation is based on visual pattern 
recognition. The combination of unsupervised clustering 
and PCA to airborne gamma-ray spectrometry data allows 
a better quantitative analysis of the geological contacts of 
the study area. The GMM classification of PCA images has 
a direct correspondence with geology, and some 
geological features are well delineated by the obtained 
classes. 
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