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ABSTRACT 
 
Artisanal Gold Mining (AGM) in 2012 accounted for approximately 12 to 15% of all 
the gold produced in the world. In many countries, the main method of extraction is 
whole ore gold amalgamation using mercury in grinding media. This technique loses 
to the environment 30 to 50% of the mercury added into the mill and only around 
30% of the gold is extracted. This study provides a technical assessment of a tailings 
deposit from artisanal miners in Costa Rica. About 65,000 tonnes of tailings at an 
average grade of 22.73 g Au/tonne is available at the site. Analysis shows that 66% 
of the gold is below 0.044mm indicating that the majority of the gold particles are fine. 
With a bench-scale Knelson centrifuge, a tailings sample passing 3 times without 
grinding resulted in 12% of recovery, 1% mass recovery and grade of 210 g 
Au/tonne. The GRG (gravity with grinding of the tailings) test resulted in an 
accumulated recovery of 42%, grade of 50.3 g Au/tonne and mass recovery of 6%. 
Flotation tests of the gravity separation tailings using reagent Aeroflot 208 obtained 
gold recovery of 91%, with mass recovery of 28%. Although the use of cyanide is not 
allowed in Costa Rica, the cyanidation of the concentrates with grinding resulted in 
87% gold recovery in 12 hours of processing. The idea is to transport the 
concentrates 200 km to Nicaragua to be leached with cyanide. Furthermore, the data 
generated has assisted the partner company in the design and deployment of a 
small-scale tailings reprocessing facility with capacity of 80 tpd using an iCON 350 
centrifuge and 6 Denver-type mechanical flotation cells. The company’s aim is to 
both reprocess artisanal tailings as well as provide local miners with an alternative to 
whole ore mercury amalgamation.  
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RESUMO 
 
Em 2012, aproximadamente 12 a 15% de todo o ouro produzido no mundo, era 
proveniente de garimpos. Em muitos países o principal método de extração de ouro 
é amalgamação utilizando-se mercúrio em equipamentos de moagem. Com o uso 
dessa técnica aproximadamente 30 a 50% do mercúrio adicionado ao moinho é 
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perdido, enquanto apenas 30% do ouro é extraído. O presente trabalho fornece uma 
avaliação técnica de um depósito de rejeitos de mineração artesanal na Costa Rica, 
onde tem-se disponível 65.000 toneladas de rejeitos, com um teor médio de 
22,73g/t. A análise indica que a maioria das partículas são finas uma vez que 66% 
do ouro encontra-se abaixo de 0,044mm. Utilizando um concentrador Knelson de 
escala laboratorial, a amostra de rejeito sem moer foi passada pelo aparelho três 
vezes, resultando em uma concentração de 210g/t, recuperação metalúrgica de 
12%, e mássica de 1%. O teste realizado com a moagem dos rejeitos (GRG) 
resultou em uma recuperação acumulada de 42%, teor de 50,3 g/t, e recuperação 
mássica de 6%. Testes de flotação utilizando o rejeito da separação gravítica e 
usando o reagente Aeroflot 208, obteve uma recuperação metalúrgica de 91%, com 
uma recuperação mássica de 28%. Embora o uso de cianeto não seja permito 
legalmente na Costa Rica, realizou-se a cianetação dos concentrados moídos, 
obtendo uma extração de 87% em 12 horas de processo. O objetivo da empresa é 
transportar os concentrados por 200km até a Nicarágua, onde o processo de 
cianetação será realizado. Os dados gerados neste estudo auxiliaram a empresa a 
desenvolver uma planta de processamento de pequena escala, com capacidade de 
80 t/d utilizando uma centrífuga iCON 350 e 6 células de flotação do tipo Denver. O 
objetivo da empresa é tanto reprocessar os rejeitos de garimpos, quanto auxiliar os 
mineiros locais com alternativas ao processo de amalgamação com mercúrio. 
 
PALAVRAS-CHAVE: recuperação de ouro; mineiros artesanais; processamento de 
pequena escala; Costa Rica.  
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1. INTRODUCTION  
 
Artisanal Gold Mining (AGM) in 2012 accounted for approximately 12 to 15% of all 
the gold produced in the world (Seccatore, 2012).The main method of extraction is 
gold amalgamation using mercury which releases between 1000 and 1600 tonnes of 
this insidious liquid metal every year (UNEP, 2013 and Swain et al., 2007). AGM is 
today the largest source of mercury pollution in the world and is quickly emerging as 
a major policy issue for governments (Veiga, 2014). The availability of mercury is 
expected to decline since the international market is shrinking as result of 
international policies while the main producers and traders are discontinuing their 
efforts to market the metal. Unfortunately, gold amalgamation is still in wide use 
around the world in more than 70 developing countries, despite its elevated price in a 
restricted market. Alternative methods for use by artisanal miners have been 
attempted, but with limited success.  
 
Many leaching agents have been investigated as substitutes for mercury 
amalgamation. However, the key issue relates to reducing the amount of material to 
be treated using a concentration technique (for example centrifuge). This turns out to 
be the best way to reduce all contaminant emissions. By simply applying the gold 
extraction method to a smaller mass of material to be treated (to as little as 10% of 
initial mass) it is possible to significantly reduce releases of mercury or other 
reagents by at least an order of magnitude. The proposed technological approach 
recommended in this proposal is to apply intensive cyanidation to concentrates. The 
method is easy, cheap and does not require advanced technology. (Angeloci, 2013). 
 
In developing countries there are sites with thousands of tonnes of Hg-contaminated 
tailings from AGM. The tailings still have residual gold which can provide an 
opportunity for small miners or companies to re-process them, recovering the gold, 
removing the mercury and displacing the tailings in a harmless way, through 
appropriate reclamation methods. 
 
 
2. MATERIALS AND METHODS 
 
2.1. Sampling procedure 
 
In order to perform the analysis below, a 45kg sample of material obtained from 
Costa Rica, was dried in an oven, crushed in a cone crusher and homogenized in 
riffle splitter until 15 bags of 3kg were obtained. For any samples that required a 
mass lower than 3kg, further splitting using smaller versions of riffle splitter were 
performed, and also samples pulverization was undertaken for 10 seconds.  
 
2.2. Size fraction analysis and grinding 
 
To perform the size analysis, wet screening was performed and six different screens 
with opening sizes of 45 mesh (#), 65#, 100#, 200#, 270# and 325#. The sieves were 
organized in descending mesh order and placed in a mechanical agitator. 
 
A rod mill was used to perform the grinding steps used in the experiment. It was filled 
with the material in a pulp with 60% of solids, and the proportion of rods was 6.7kg 
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rod/kg material and the selected grinding time was 5 minutes. Furthermore, two 
different grinding sessions were performed followed by a screening procedure to 
evaluate the size fraction of the ground material. 
 
2.3. Gravity concentration 
 
In the gravity concentration test, a 3 kg sub-sample was used, and a Knelson 
Concentrator was set up to operate at a water pressure of 3 psi and a centrifugal 
acceleration of 60G's. In order to perform the GRG (Gravity Recoverable Gold) test, 
the material was passed three times through the centrifuge, and the primary 
concentrate was collected. The tailings were then ground, and this whole procedure 
was repeated twice until three concentrates and one final tailing was obtained. 
Furthermore, based on the best result of the GRG test, another test was reproduced 
using a 15kg sample. 
 
2.4 Flotation 
 
According to Meech (2014), bulk flotation (rougher) is used when two or more 
valuable minerals are recovered together, producing a high grade concentrate. 
Subsequently, those minerals are separated in the differential flotation. 
 
Afterwards, the bulk concentrate was fed into a differential flotation, in order to 
separate target minerals. The tailing from the bulk flotation was submitted to a 2-step 
scavenger flotation to recover eventual minerals of interest not captured in the bulk 
flotation. The concentrate of two scavenging operations joined the bulk flotation 
concentrate to be fed into the differential flotation stage. The tailings from the 
scavenger were considered final tailings of the process. 
 
The study consisted of two different types of tests. The first batch of tests was 
performed aiming to find the optimum grinding time; the second was performed to 
find the best reagent dosage. Moreover, the parameters used to obtain the optimum 
grinding time are shown in tables 1 and 2. 
 

Table 1. Bulk Flotation for Grinding Time Selection. 

Selection of Grinding Time - Reagents Dosage 

 pH PAX (g/t) Aeroflot 208 (g/t) 

Rougher 6 100 25 

Scav.1 9 50 10 

Scav. 2 10 50 10 

 
Three different grinding times were selected. The grinding time in Test 1 was short, 
lasting only 1 minute, just to remove surface oxidation of the sulphides. 
Subsequently, 5 and 10 minutes grinding times were then selected to evaluate the 
liberation of gold and sulphides from the silicate gangue.  
 
Table 2 depicts the different concentrations of reagents used in the bulk flotation 
tests. It is noticed that the scavenger flotation used two different pH’s in order to float 
some sulphides such as pyrite and free gold applying the reagent xanthate in their 
optimum pH (pH 9-11)(Marsden and House, 2006). 
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Table 2. Bulk Flotation Reagents Selection. 

Selection of Reagents Dosage 

 Test 1 Test 2 Test 3 

 pH 
PAX 
(g/t) 

Aeroflot 208 
(g/t) 

PAX (g/t) Aeroflot 208 (g/t) PAX (g/t) Aeroflot 208 (g/t) 

Rougher 6 50 10 160 75 200 125 

Scav.1 9 25 5 100 60 150 110 

Scav. 2 10 25 5 100 60 150 110 

 
2.5. Cyanidation 
 
This specific cyanidation process was performed through 4 tests. The samples used 
for the tests were head samples with and without grinding, and concentrates 
obtained from the previous processes with and without grinding. Those tests were 
performed in an agitated tank, and 3 samples of the solution (after 2, 4 and 12 hours 
of leaching) were collected in order to analyze the gold extraction. About the grinded 
samples, the comminution step was performed following the grinding parameters 
already depicted. The material in each test was agitated in a pulp of 20% of solids 
and lime is added until the pH stabilized at 11. Once the desired pH condition was 
attained, 20g/L of NaCN (sodium cyanide) was added in the concentrates pulp and 5 
g/L for the remaining pulps. 
 
 
3. RESULTS AND DISCUSSION 
 
3.1. Size fraction analysis and grinding 
 
The head sample was submitted to a screening process in order to obtain its P80, i.e. 
the size where 80% of the material passes through the screen. The value obtained 
regarding the head sample was 0.15mm. Moreover, after the material was ground for 
5 minutes, the P80 obtained was 0.13mm. Following that, the P80 obtained for the 
second grinding with 10 minutes of execution was 0.11mm. 
 
In addition, analysing the results obtained regarding the P80 it is possible to perceive 
that grinding the material is not effective, once the P80 obtained at the grinding stage 
varied in between 13% and 15% when compared to the head sample size. Regarding 
the head sample, approximately 66% of the gold is in the fraction below 0.044mm, 
proving the material fineness. 
 
3.2. Gravity concentration 
 
The gold recoveries obtained in the GRG test are depicted in Table 3. Although the 
maximum recovery is obtained when no grinding step is performed, it can be 
perceived from the increase of the grade in between tests 1 and 2 that gold can be 
liberated after grinding. Moreover, grade and recovery are inversely proportional. The 
GRG obtained into three cycles, with three passes each cycle accounts with 42%. 
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Table 3. Table GRG Recoveries and Grades. 

GRG 
Gold Recovery 

(%) 
Cumulative Gold 

Recovery (%) 
Mass Recovery 

(%) 
Conc. Grades 

(g/tonne) 

1 20 20 8 54.25 

2 19 36 6 60.30 

3 9 42 5 30.10 

 
Test 1 is selected as the best result, and a centrifuge test following its parameters is 
reproduced with a more representative sample of 15kg. The gold recovery obtained 
in this moment is 12%, the mass recovery is 1% and the concentrate grade is 209.5 
g/tonne. The low mass recovery can be explained due to the limited bowl capacity 
from the Knelson concentrator used at the laboratory. Furthermore, the low 
metallurgical recoveries at the gravity concentration process can be explained due to 
material fineness, and the presence of non-liberated gold in the ore sample. 
 
3.3. Flotation 
 
The first phase of the bulk flotation consisted of selecting the optimum grinding time 
for liberation of the minerals of interest. Following this step and applying the optimum 
grinding time, the adequate dosage of reagents were defined. The following figures 1 
and 2, illustrate the results from those tests. In figure 1, batches 1, 2 and 3 used 1, 5 
and 10 minutes of grinding time respectively. In figure 2, the reagents dosages 
increased from test 1 to test 3 applying one minute of grinding as the optimum 
grinding time. 
 
This initial test demonstrated that some grinding is required for this material to 
activate the sulphide surfaces. Test 1, with 1 minute of grinding, showed higher gold 
grades and gold recovery compared to the two other batches. It is probable that, 
during longer grinding times sulphides were liberated, and they consumed reagents. 
 
The results in figure 2 show a tendency of increasing gold recovery as dosages of 
reagents increases.  

 

 
      Figure 1. Bulk Flotation Results Gold 

Recovery – Grinding Time. 

 
      Figure 2. Bulk Flotation Results Gold 

Recovery – Reagent Dosages. 
  

Table 4 shows the detailed results of each batch, including gold distribution from 
rougher, scavenger 1 and scavenger 2. 
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Table 4. Detailed Results Bulk Flotation. 

 Phase 1 – Grinding Selection and Phase 2 – Reagents Selection.  

 
Gold Distribution 

Phase 1 Phase 2 

Test 1 2 3 1 2 3 

Rougher 64% 70% 49% 35% 45% 70% 

Scav. 1 16% 11% 13% 7% 11% 7% 

Scav.2 11% 6% 7% 3% 6% 3% 

Tailings 9% 13% 20% 56% 39% 20% 

 
The next step to fully understand the bulk flotation results consisted of an 
assessment of the concentrate mass recovery. High grade concentrates with low 
mass recovery and high gold recovery is the desired outcome. Tables 5 and 6, 
illustrate the mass recovery of each phase and batch. For instance, batch 1 from 
phase 2 showed higher gold grade compared to batch 2, but presented lower 
metallurgical recovery. The best result in terms of gold recovery was batch 1 from 
phase 1 (91%), followed by batch 2 from the same phase (87%). Both tests had 
average mass recovery around 23%. 
 

Table 5. Detailed Results Bulk Flotation. 
Phase 1 – Grinding Selection. 

Mass Recovery (%) - Phase 1 

Batch 1 2 3 

Concentrate 22% 25% 24% 

Tailings 78% 75% 76% 

 
Table 6. Detailed Results Bulk Flotation. 

Phase 2 – Reagent Selection. 

Mass Recovery (%) - Phase 2 

Batch 1 2 3 

Concentrate 5% 12% 19% 

Tailings 95% 88% 81% 

 
3.4. Cyanidation 
 
As shown in Figure 2, the cyanidation of the head sample without grinding achieved 
75% gold extraction during 12 hours of processing while the cyanidation of the head 
sample with grinding achieved 72% gold extraction. However, within the first 2 hours 
of the test the cyanidation of the head sample with grinding achieved a gold 
extraction of 83%. Thus, it can be observed that the cyanidation of the head sample 
with grinding presents a phenomenon of reabsorption that may be explained by the 
exposure of cyanicides within the ore due to the grinding step. In addition, the 
cyanidation of the concentrates without grinding delivered 84% gold extraction in 12 
hours of processing while the cyanidation of the concentrates with grinding resulted 
in 87% gold extraction. 
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Figure 3. Extraction of the Head Samples and Concentrates during the Cyanidation Process. 

 
 
4. CONCLUSIONS 
 
It is possible to conclude that the material requires low grinding due to its fineness; 
however, in order to deoxidize the sample prior to flotation, one minute grinding is 
necessary. 
 
Based on the results obtained in the gravity concentration, it can be asserted that low 
water pressure is necessary, thus increasing the recovery of concentrate material. 
The best result obtained in the GRG test was 12% gold recovery with a mass pull of 
1%. 
 
In addition, the best result regarding the flotation tests was obtained using the 
reagents Aeroflot 208, PAX and DF250 in higher dosages. Dosages in the realm of 
100g/t of PAX, 25g/t of Aeroflot 208 in the Rougher stage, and 50g/t of PAX and 
10g/t of Aeroflot in the scavenger stages delivered positive results. Different pH was 
used in each flotation stage, aiming to increase the floatability of different minerals. 
Moreover, the concentrate had a grade of 245ppm, a mass pull of 22% and a 
recovery of 91%. 
  
Furthermore, regarding the cyanidation test, the maximum concentrate extraction 
obtained was 87%, with a previous grinding step. Without grinding the concentrates, 
a lower recovery is observed, probably due to non-exposed gold.  
Finally, the chemical analyses to provide the gold assays were executed by SGS 
Canada Laboratory and Met-Solve Laboratories. 
 
The findings of this study have been instrumental in Newlox Gold Ventures Corp.’s 
efforts to establish a socially and environmentally responsible gold production 
operation. The artisanal tailings business model affords the Company a low capital 
and operating cost route to establishing gold production while the high grade 
characteristic of artisanal tailings provides the Company with a strong incentive to 
move forward with commercial production. 
 
With mercury contamination from artisanal mining emerging as a major policy issue 
in many parts of the world, the development of a model for economically profitable 
tailings reclamation crucial. Traditional government funded reclamation efforts are 
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often beyond the reach of local governments. An economically viable private sector 
solution could contribute strongly to human and ecosystem health. Newlox Gold 
Ventures Corp. established an initial reclamation centre in the fall of 2014 and, in 
2015, is building its processing capacity with the objective or running at a commercial 
throughput of between 60 and 80 tonnes per day. Gold and mercury recovery are 
being accomplished through a combination of gravity and flotation concentration and 
the initial results are promising. 
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