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Guessing stone behaviour before extraction

Introduction
In the ornamental stone industry, Portuguese companies have a great exporting

capability, which recently reached 400 million EUR in 2019 [1]. In fact, the

Portuguese industry of ornamental stones is traditionally an exporting sector,

with manufactured products appreciated internationally. It is extremely important

that the stone purchased by the consumers meets the expectations for which it

was chosen, being colour one of the main aspects. Currently, there are

Portuguese companies with very high costs in the replacement of altered stone.

The recent emergence of new players in the ornamental stone industry, namely

China, Brazil and Turkey, characterised by distinctly lower labour costs, has

been reshaping the role of Europe in this industry [2]. The unpredictability,

inherent to the use of a natural stone material is, thus, being considered a

penalising factor by the construction industry. This unpredictability can, however,

be reduced and controlled through the knowledge of the stone’s weatherability,

mineralogy and chemical composition, factors that lead the material’s

certification and are essential in defining its exploitation plan.

This work arises from the companies’ need to seek the extraction of stone

blocks that ensure a lower susceptibility to colour change after application.

Material and Methods

A geochemical/mineralogical study was applied in a quarry located in the

“Maciço Calcário Estremenho” (MCE, northern region of Lisbon), where one of

the most important Portuguese lithotypes is currently explored. Featured by its

excellent physico-chemical characteristics, this lithotype is further characterised

by the coexistence of a blue and cream colour [3]. The work aimed to study the

chemical composition of each exploitation level blocks, emphasizing the

mineral, pyrite, responsible for the natural discolouration of this construction

resource.

✓ The stone blocks extracted from the deepest exploration levels of the quarry

seem to have more content of pyrite and aluminum and silicate oxides,

specially in the darker fractions of the stone;

✓ A higher content of pyrite in the stone will trigger its weathering more quickly;

✓ The information obtained is extremely important, since these findings will

influence the exploitation plan of the quarry in the future.

Preliminary findings

Chemical characterisation
The quarry under study has currently 13 exploration levels, with the level

designated B13 the deepest exploration level in the quarry stratigraphy. In this way

it is possible to state that:

- Through the results obtained by the X-ray fluorescence S2-PUMA it seems that

the Fe2O3 and SO3 levels tend to increase with the exploration level increasing

(Figure 1). The same phenomenon seems to occur with the aluminum and silicon

oxides (Figure 2)
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Quarry in study, located at the

MCE, Portugal

Colour alteration occurred, after 

application on site 

Pyrite, present in stone in 

large amounts

The sampling was done across all the exploration levels of the quarry, which 5

samples were tooked by each exploration level. The samples were powdered to

make glass beads that allowed the geochemical/mineralogical analyses by X-

ray Fluorescence S2-PUMA and X-ray diffraction. The level “0” corresponds to

the surface of the quarry.

Glass beads preparation, using 12g flux + 1,2g sample Glass beads analyses, using a X-ray Fluorescence S2-PUMA
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Figure 1: Variation of SO3 and Fe2O3 content in the exploration levels of the quarry in study. 

Figure 2: Variation of Al2O3 and SiO2 content in the exploration levels of the quarry in study. 

- Predominance of higher levels of pyrite in the darker fractions of the stone,

represented in the cluster signalized at red in the figure 3, indicated by the

enrichment in iron and sulfur. Another point is the predominance of hematite in the

lightest fractions of the rock, represented in the cluster signalized at green,

indicated by the iron enrichment.

Mineralogical characterisation

Figure 3: Fe2O3 vs SO3 contents, originating clusters accordingly with the colour of the stone fraction. 

Lighter fraction – green cluster; Darker fraction – red cluster. 
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Figure 4: Pyrite and quartz abundance in function of the stratigraphy of the quarry, from B0 (more superficial) to 

B13 (deeper). A corresponds to darker fractions of the stone. 

- The behaviour of quartz content is random (figure 4) while pyrite is often below

the detection limits of this technique, with exception in some darker fractions. This

abundance of pyrite is more relevant in the deepest exploration levels of the quarry.


