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Abstract

Brazil is the world’s fourth largest consumer of fertilizers, which 
is only behind consumers such as China, India and the USA. Therefore, 
it is crucial to coordinate the production and consumption of this type of 
product, through appropriate policies, industrial and technological 
development of mineral exploration and beneficiation of mining activity 
in the country. With this in mind, it becomes essential to assess the 
viability of using alternative sources of nutrients, as well as using the 
waste from mining and extracting industries of precious gems, as 
remineralizers. Thus, it is possible to reach improvements in soil fertility 
by transforming mining waste into raw material for agriculture. The 
plateau region of Rio Grande do Sul state (“Planalto Médio do Rio 
Grande do Sul”), is known for amethyst and agate extraction, producing 
in its mines about 30,000 tons of residual basalt per month. It is under 
this scenario that the project “Remineralization of agricultural soils using 
residues from the extracting industry of precious gems” has been 
implemented. 
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This project involves different universities, technological institutes, and 
also the miners’ cooperatives (Passo Fundo University, Federal University 
of Rio Grande do Sul, Rio Grande do Sul Technology Center for Stones, 
Gems and Jewelry, and Miners' Cooperative of the Medium Upper 
Uruguai LTDA, associated to the Productive Arrangement of Gems and 
Jewels). This study aims to show preliminary results of the Project with 
concern to the viability of using by-products from precious stone mining 
industries.
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Introduction

Amethyst and agate are strategic minerals in the plateau region 
(Planalto Médio do Rio Grande do Sul) because of their economic 
importance. The state of Rio Grande do Sul is the world largest producer 
of these minerals. The miners’ cooperative (COOGAMAI – Cooperativa 
de Garimpeiros do Médio Alto Uruguai Ltda) was the first institution in 
Brazil to legalize the work of miners in the region. Today, there are 500 
registered mines, of which 180 are active. They span into eight 
municipalities: Ametista do Sul, Frederico Westphalen, Rodeio Bonito, 
Cristal do Sul, Planalto, Iraí, Trindade do Sul and Gramado dos Loureiros. 

About 1,400 miners are active, generating between 450 and 500 
tons of geodes monthly. This monthly production results in 30,000 tons of 
basalt, which must have adequate final disposal, avoiding any land 
use conflict and environmental impacts. Therefore, initiatives that enable 
the distribution and the correct use of mineral exploitation waste 
become necessary in order to qualify the productive chain of precious 
gems in Rio Grande do Sul state. 

Basalt found in amethyst mines is characterized as a “metabasalt” or 
clay basalt that has undergone hydrothermal alterations at 130 ºC and 
thereafter presents a high content of clay (smectites and celadonites) and 
zeolites (silicate alterations) (Rosenstengel & Hartmann, 2012). This 
material, according to the preliminary characteristics pointed out, has 
shown potential to be used as a source of plant nutrient and will be studied 
in order to verify its technical and economic feasibility for stonemeal in 
agriculture.
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Objectives

This study aimed to analyze the viability of taking mining waste 
from the precious stones extracting industry and using it as a soil 
remineralizer. The strategy adopted for this project consisted in 
evaluating chemical, physical and mineralogical alterations that occurred 
in the soil after the remineralizer had been incorporated- which is an 
innovative strategy for this kind of study. Once the technical feasibility is 
proven, it will be possible to assess the economic viability and to make 
recommendations for standardizing mining waste as a product in the 
market. One of the goals is to develop an alternative input to be used in 
agriculture, which would accommodate local realities and would provide 
an adequate solution to the environmental liabilities derived from mineral 
exploration. It is expected that this will provide support to the activities of 
the Productive Arrangement of Gems and Jewels - Arranjo Produtivo 
Local de Gemas e Jóias. 

Methodology

The Project involves different universities, technological institutes, 
and also the miners’ cooperatives (Passo Fundo University, Federal 
University of Rio Grande do Sul, Rio Grande do Sul Technology Center 
for Stones, Gems and Jewelry, and Miners' Cooperative of the Medium 
Upper Uruguai LTDA, associated to the Productive Arrangement of 
Gems and Jewels). It is also planned a mineralogical and chemical 
characterization of mining waste, as well as, studies regarding 
granulometry and gridding behavior.

Agronomic trials will be established in order to evaluate the use 
feasibility of mining waste for agriculture as an alternative to 
conventional fertilizers. The concern of possible alterations caused to the 
soil with the addition of mining waste and the identification of 
contaminants is one of the goals of this study as well. 

The interaction with the local business sector, in particular, the 
association SINDIPEDRAS, APPESOL – Associação dos Pequenos 
Pedristas de Soledade, and COOGAMAI, ensures the applicability of the 
knowhow generated. The first collection of mining waste was in January 
2013 in an amethyst geode mine located in the city of Ametista do Sul, 
with coordinates 27°21’23,690” and 53°12’06,782” (Fig. 1a). 

Figura 1. Entrada do garimpo em atividade (a); Pilha de basalto minerado
(b); detalhe do basalto (c); basalto britado (d) e basalto moído

Resultados e reflexão

Análises em difração de raios-X foram realizadas a fim de identificar o
grupo de minerais presentes no material (Fig. 2). Em virtude da intensidade 
do pico referente à esmectita (d=1,485 nm), percebe-se que as rochas do 
distrito mineiro de Ametista do Sul sofreram intensa alteração de minerais 
primários para argilominerais. O processo hidrotermal à baixa temperatura 
é responsável pela formação dos três derrames produtores de geodos.
A presença em grande quantidade desses argilominerais na rocha é um
importante componente que controla a reologia da rocha, transformando 
o basalto em uma esmectita metabasalto (Rosenstengel & Hartmann,
2012). Essa característica de alteração do basalto é o que o torna uma fonte 
potencial de material para rochagem e uso agrícola. Ainda, segundo Scopel 
(1990) no distrito mineiro de Ametista do Sul, ocorrem como produtos
de alteração hidrotermal em associação com o minério nas rochas e em 
veio, argilominerais, zeolitas, calcita e sílica na forma de quartzo, opala e 
calcedônia. 
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Figure 1. Active mine entrance (a); Pile of basalt mining (b); detail of 
basalt (c); crushed basalt (d) and ground basalt

The material collected was subsequently crushed and ground, according to 
the method used by limestone industry and 95% of it was smaller than 2mm 
(Fig. 1e). This material was characterized morphologically with a scanning 
electron microscope (SEM) (JEOL JSM5600 LV) (Fig. 2). A diffraction x-
ray analysis was performed using model Philips X´Pert (Fig. 3).

Results and Discussion
Diffraction X-ray analyses were carried out in order to identify the 

mineral group present in the material (Fig. 2). Due to the intensity of peak of 
smectite (d=1,485 nm), it was brought to our attention that the stones from the 
mines of Ametista do Sul city were submitted to an intense alteration process 
from primary minerals to clay minerals. The hydrothermal process at 
low temperatures is responsible for the formation of the three geological 
flows that produced geodes. The presence of large amounts of these 
clay minerals in the stones is an important component for controlling the 
stone rheology, transforming the basalt in a metabasalt smectite 
(Rosenstengel & Hartmann, 2012). This characteristic of basalt alteration is 
what makes it a source a potential material for stonemeal and its 
use in agriculture. According to Scopel (1990), it is possible to find other 
products in the mines of Ametista do Sul, such as clay minerals, zeolite, calcite 
and silica in the forms of quartz, chalcedony and opal, which are all created 
through hydrothermal alterations in association with minerals in the rocks and 
in the veins. 
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Figure 2.  X-ray diffractogram of a sample of crushed 
basalt residue and its preparation in powder.

The images obtained with a SEM (Fig. 3), enable us to observe the 
presence of smectite, titanium oxide and feldspars (Ca, Na and K).

Figure 3. Image generated from scanning electron microscope: left 
picture is morphological; right picture is chemical: opaque particles of clay 
chalcedony – smectite (a), titanium oxide particle (b) and feldspar particle 
(Ca, Na e K) (c).
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In table 1, the chemical composition of the oxides in the main elements of 
the analyzed material are shown. It also shows results for the same oxides 
found in a study performed with basalt that hosts amethyst geodes from 
the COOGAMAI flow located in Frederico Westphalen 
(Rosenstengel & Hartmann, 2012).
Table 1. Chemical composition of oxides of main elements, 
obtained using x-ray probe. * Total chemistry regarding the COOGAMAI 
flow, in Frederico Westphalen (Rosenstengel & Hartmann, 2012). 

Composição Química
Massa % Massa % *

SiO2 49,46 48,00
FeO 16,17 15,05

Al2O3 13,77 13,10
CaO 8,70 9,80
MgO 4,64 5,65
TiO2 2,97 2,34
Na2O 2,87 2,43
K2O 0,72 1,04
P2O5 0,43 0,27
CuO 0,21 -

When comparing the levels of key nutrients (CaO, MgO, K2O and 
P2O5) between the basalt analyzed and the levels found in other types of 
rocks mentioned in another studies, the results found in this study confirm 
the potential of the material to be used as an alternative source of 
nutrients. Material samples include biotite schist MgO (15.27%), CaO 
(8.23%), K2O (2.7%), Na2O (1.81%), and P2O5 (0.10%) (Souza et al. 
2010), byproducts of mining activity MgO (3.88%), K2O (3.39%), CaO 
(3.19%), Na2O (1.62%), P2O5 (0.19%) (Silva et al. 2012) and phonolite-
nepheline syenite K2O (8.4%), Na2O (7.0%), CaO (1.5%), MgO (0.5%), 
MnO (0.1%) (Cortes et al., 2010). 

Conclusions

The residual basalt from amethyst geodes mining has mineral 
clay, with an emphasis on celadonite-smectite and other minerals such as 
feldspar and oxides. Considering the levels of nutrients found, the material 
studied has a potential to be used in agriculture stonemeal practices.   
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