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ABSTRACT 

Artisanal Gold Mining (AGM) operations in the global level are unregulated, informal and transient. Rudimentary 

mining and processing techniques used in AGM often result in degraded environmental, safety, health and social 

conditions. The main objective of the study is to assess challenges in AGM with special reference to gold mining and 

processing methods in Asgede Tsimbila and Lailay-Adiabo Woredas, Ethiopia. Qualitative and quantitative research 

methodology was used of this study. The views, opinions and attitudes of 64 miners and 20 local chiefs were gathered 

concerning about AGM methods and techniques. AAS instrument is used for the geochemical analysis of the soild waste 

materials from the artisanal gold mining and processing techniques. The miners are searching gold from the primary gold 

by digging more than 35meters into hard rocks, from shallow subsurface and surface soil using the most traditional tools to 

get gold. About 85.94% of the miners agreed that artisanal gold mining methods and processing tools on use are the major 

cause for life loss in AGM. The geochemical analyses of the solid waste materials from the artisanal gold mining and 

processing techniques were clearly indicated that the miners does not have  sufficient knowledge on mining  and 

processing techniques.  
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1. INTRODUCTION 

Artisanal Gold Mining (AGM) is one of the 

important small scale mining activities and recognized as a 

considerable source of revenue for millions of people in 

about 80 countries worldwide [1] [2]. Many countries are 

allowing AGM in illegal and legal way to provides direct 

employment to at least 15 million people and indirect 

employment to more than 100 million people around the 

world [3]. Currently AGM activity is documented in more 

than 80 countries and AGM generally refers to gold 

mining by individuals, groups, families or cooperatives 

with rudimentary mining and processing methods [4]. 

Africa is one of the major producers for world’s most 

important metal and mineral products, including gold. 

Africa hosts about 30 % of the planet’s mineral reserves, 

including gold and cobalt [5]. In case of Ethiopia AGM is 

mostly characterized by thousands of individuals and 

micro enterprises operating in the informal way, mainly in 

placer gold and gemstones. Gold mining has a long history 

in Ethiopia. According to Ministry Of Mine, Petroleum 

and Natural Gas, Millions of people across Ethiopia 

depend on Artisanal gold mining for some aspects of their 

livelihoods. Gold has mainly been extracted from placer 

deposits and to a lesser extent from primary free gold in 

Tigray, and many other parts of Ethiopia. Extensive 

alluvial gold mining have been conducted by the local 

people since long time ago in Tigray. Particularly, there 

are extensive seasonal and permanent mining activities 

being performed by artisanal gold miners and local people 

in Asgede Tsimbila and Lalay Adibo. A significant 

number of women and children are involved in these 

activities. However, artisan gold mining in the study area 

is often characterized by lack of technical skill of the 

miners. It is very unsystematic and erratic.  It results in 

serious health and safety hazards, frequently reduces the 

efficiency of mineral extraction and leaves behind highly 

degraded landscapes. Thus, traditional mining directly 

impacts miners, local community and the environment 

owning to poor practices in mining and processing target 

minerals as well as poor implementation of mining laws, 

rules and regulations by local chiefs. The sustainability of 

artisanal mining is going to be a controversial issue and 

given the level of environmental degradation, health and 

the disruption of social relations. Hence, it is necessary to 

study and assess the challenges of those activities on 

miners and surrounding communities, especially as 

consequence of the mining and processing techniques.  

 

1.1 Location of the study area 
This research was conducted in Tigray regional 

state of Ethiopia specifically Asgede Tsimbla and Laelay 

Adiabo woredas which are known for substantial Artisanal 

Gold Mining shown in Figure-1. Based on the 2008 E.C 

annual report of Tigray Regon Bureau of Water, Mineral 

and Energy Resources, The top five gold reach woredas in 

Tigray, are Asgede-Tsibla, Laelay-Adiabo, Mereb-Leke, 

Hawzen and Tselemti respectively. 
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Figure-1. Location map of the study area. 

 

1.2 Geology of the study area 
The geology of northern Ethiopia is mainly 

consists of Precambrian low-grade volcanic, volcano-

sedimentary, mafic and ultramafic rocks of ophiolitic 

character and are intruded by syn- and post-tectonic 

plutonic rocks [6]. The basement Precambrian rocks are 

divided into: (i) the metavolcanic/volcaniclastic dominated 

Lower Tsaliet Group (~850 Ma; [7], (ii) metasedimentary 

rocks containing Upper Tambien Group (835-740 Ma, [8] 

[9], (iii) Dolomite dominated Didikama Formation, and 

(iv) younger diamictites and metasandstone/conglomerate 

containing Negashdiamictites and Shiraro molasses. The 

intrusive felsic plutons rocks ranging in age from 800 to 

520 Ma have altered to the Precambrian rocks and acted as 

source of heat for the hydrothermal fluids that resulted in 

base metal and gold mineralization in the region [6] [10] 

[11] [12].  The study area is mainly dominated by Meta 

agglomerates, phylitic and graphitic schist, mafic and 

ultramafic rocks, sericite quartz- feldspar schist, 

metasediments, granite, granitoids and intrusive Meta 

volcanic rocks are shown in the Figure-2.  
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Figure-2. Geological map of the study area. 

 

2. METHODOLOGY 

The methodology included two components: 

primary research on the challenges of artisanal gold 

mining in the Asgede Tsimbla and Lalay - Adiabo 

Woredas, Ethiopia and field observation on mining and 

processing methods used in these areas. The study was 

mainly qualitative although some quantitative (proportion) 

research methodology was also used in data gathering and 

analysis. Artisanal gold mining techniques and its impact 

on natural resources was collected through instruments 

including interviews, structured questionnaires, 

observations, and reviewing of existed evidence. On the 

other hand, sample were collected from the waste 

materials of artisanal gold mining and processing 

techniques for further analysis of potential economic 

minerals using AAS analysis. Twenty samples were 

collected and sixteen of them analyzed by Ezana Mining 

Development plc and four of them in school of mines by 

the researchers on the hand-specimen level. Samples 

include dump or tailing by artisanal miners, doubtful soil 

and rock fragment provided by the miners and researchers 

from selected localities.  Once the field data were 

collected, the data were processed, analyzed and 

interpreted. The observation and interview data were used 

to build the understanding of mining method and 

processing techniques, types of equipment used, and 

associated challenges that endanger the Artisanal Gold 

Mining in the study area. 

3. RESULTS AND DISCUSSIONS 

When the economic profitability of a mineral 

deposit has been established with some confidence the 

deposit could exploit using different methods based on the 

scale of mining. The majority of artisanal gold mining is 

from alluvial gold sources derived from hard rock gold ore 

bodies due to weathering and erosion effects. On the other 

hand, there were substantial mining from the primary gold 

(tsinsi) by digging average depth of 35m below the ground 

surface into hard rock.  

 

3.1 Artisanal gold mining methods 

The methods used in the Asgede Tsimbla and 

Laelay-Adiabo artisanal gold mining areas, can be 

categorized into the following.  

 

3.1.1 Deep mining  
This techniques locally called Tilket were used to 

mine deep alluvial deposits found along the banks, and 

certain older river courses as well asprimary gold (such as 

quartz vein) from the sloping depth up to 35meters (May-

Silay). The methods involve in excavating a pit and 

digging until the gold bearing gravel horizon, which is 

typically located at depths up to 10 meters alluvial 

deposits and average 35meters depth in hard rock shown 

in Figure-3. Terraces or benches have to be constructed 

along the sides of pits; Pillar and room methods were used 

to prevent collapse as well as to make the ore easily and 
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safely accessible. The gold bearing gravel or veins were 

then removed and sluiced to recover the gold from alluvial 

or ground it to fines and panned to recover the gold from 

hard rock. 

 

3.1.2 Surface mining 

This technique locally called Giffa, was adapted 

to mining of gold at flood plains or other flat lands, which 

was done mostly immediate after flooding.  

3.1.3 Shallow mining techniques 
Shallow mining techniques are popularly known 

as “dig and wash”, and are used to mine shallow alluvial 

deposits which are usually found in low lying areas. Such 

deposits have depths not exceeding 2 meters. Vegetation 

was initially cleared and the soil excavated until the gold- 

layer was reached. The mineralized material was removed 

and transported to nearby streams for sluicing to recover 

the gold [13]. 

 

 
 

Figure-3. Shows surface mining in the study area. a. Adimehameday (tilket), b. Maili (tilket), c. Kibestini 

(placer) and d. Histats (giffa). 
 

The information about the location and value of 

the mineral ore deposit is obtained in the exploration 

stage. Exploration stage includes surveys, field studies, 

and drilling test boreholes and other exploratory 

excavations. But in the case of Asgede Tsimbla and Lalay-

Adiabo areas about 93.75% of artisanal gold miners reply 

that the mining site was started for the first time by 

traditional way of mining. Though, almost none of the 

miners had the knowledge of nature and formations of 

types of geological material, associated structures and 

forces responsible; they were experienced and had 

awareness about the host material (soil and rock) and the 

appropriate places of deposition for gold with high degree 

of accuracy.  

3.2 Artisanal gold processing tools and techniques 

AGM in both districts was totally manual and 

uses high labor intensive technology relative to the 

medium and large scale mining. These were obsolete 

technologies and traditional practices resulting in very low 

yields. Excavation was done with shovels, picks, 

hammers, axes and chisels shows in Figure-4. Grinding 

primary gold was done with metal mortar (Mogue) and 

pestles (Mewketi) instead of mechanized mills. Sizing is 

done manually, using mesh. Panning is mainly done with 

plastic pans (Dola), but also with wooden or metal pans 

shown in Figure-5. 
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Figure-4. Different Equipments used in AGM. 
 

 
 

Figure-5. Grinding primary gold was done with metal mortar (Mogue) and pestles (Mewketi) 

instead of mechanized mills. 

 

In general, gold ore was processed informally 

after extraction by using simple traditional techniques as 

follows. Ore is first crushed by hand on open rock surface 

and hammer stones. Then, manual milling (grinding) of 

the ore using Mogue and Mewketi was familiar for 

primary gold processing. Dolla (local panning material 

Figure 6 a & b) was the tool that most of the traditional 

gold miners used to separate gold from the soil using 

gravitational technique. 

 

 
 

Figure-6. Dolla (local panning material) was the tool that most of the traditional gold miners used to separate 

gold from the soil using gravitational technique. 
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Gold concentration was done by the use of 

gravity separation through the medium of water. Grinding 

and transportation of ore involves different labor sources 

(man power, donkeys and camels) shown in Figure-7. 

They were used for transporting ore to rivers and 

reservoirs for further beneficiation. No milling machines 

were used in none of visited sites. The miners had high 

demand of modern equipment such as milling machine. 

 

 
 

Figure-7. Transportation of ore by using donkey  

or camels. 
 

3.3 Metal detector machine 
Today’s sophisticated metal detecting equipment, 

using advanced technologies, allows the user to accurately 

pinpoint what is in the ground, how deep it is buries and 

even what kind of material it is made from. Many legal 

and illegal machines were in work in all sites visited by 

the researchers. Minelab GPX 5000 Series and GPZ 7000 

were common of these machines in use in the study area 

by Artisanal Gold Miners shown in figure 8. If one is a 

new to detecting gold, he has to learn those numeric 

identifiers so as to pick between metals. But, peoples are 

used to buying and transferring this equipment illegally 

into third part without understanding the positive and 

negative sides these devices. According to our survey 

result which is 19 local chiefs out of 20 or 95% of them 

were agreed with the idea states that lack of awareness 

about gold or metal detecting or prospecting machines. 

 
 

Figure-8. Minelab GPX 5000 Series and GPZ 7000 

machines used by Artisanal Gold Miners. 

 

3.4 Mercury use 

Mercury and cyanide are the most commonly 

used chemicals for the final gold recovery in the AGM. In 

amalgamation process mercury was used to collect small 

gold particles from sediment and create amalgam. This 

method was hidden except some verbal and material 

indications. It is only known by some people. It was not 

common in our way to the observation. But almost all 

respondents confirmed that there was use of mercury (acid 

is local name) in gold recovery process in addition gravity 

methods. 

 

3.5 Potential mineral identification 

The soild waste samples from the dump site, 

doubtful soil and rock fragment are collected and provided 

by the miners and researchers from selected localities such 

as Adi-Mehameday, Adi-Nigisti (May-Silay and Bareta), 

and Maili. The summarized results are given in Table-1. 

As observed in the Table-1, the samples which was taken 

from the Adi-Mehameday, Maili and May-Silay has high 

value of Au (33.97 ppm), (11.2 ppm) and (2.72 ppm) 

respectively. In terms of base metals association, the study 

area also show some anomaly i.e. Maili and Adi-

mehameday area the concentration of copper and Zinc was 

340 ppm 88-150 ppm respectively. This indicates less 

awareness of the artisanal gold miners in processing of 

gold and base metals. In addition, since the area shows 

more anomaly in copper and zinc, then these base metals 

were associated with mafic and felsic meta-volcanic 

respectively.  
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Table-1. Analyses of gold and base metals in the waste materials from the selected 

artisanal gold mining localities (in ppm). 
 

No. 
Sample 

indents 
Au Ag Pb Zn Cu 

1 AS1 5.30 - - - - 

2 AS2 33.91 - - - - 

3 AS3 16.96 - - - - 

4 BS1 5.99 - - - - 

5 BS2 0.71 0.8 14 82 91 

6 SS1 1.93 - - - - 

7 SS2 0.79 2.1 20 147 149 

8 MS1 9.57 - - -- - 

9 MS2 0.23 <0.2 2 5 8 

10 MS3S 0.25 - 24 88 340 

11 MS4 0.15 - - - - 

12 MS5 0.66 - - - - 

13 MS6 0.34 - - - - 

14 ANS1 - 5.8 22 93 340 

15 SK - - <1 18 - 

16 MRS3 - 2.5 17 150 57 

Note: Units ppm ppm ppm ppm ppm 

Detection Limit 0.02 0.2 1 1 1 

METHOD CODE AA74D2 AA74D2 AA74D2 AA74D2 AA74D2 

 

Table-2. Comparison of gold and base metals with the worldwide standards (in ppm). 
 

Concentration (ppm) Elements 
Worldwide 

Standard (ppm) 

Sample numbers above 

standard (study area) 

57- 340 Cu 55 5, 7, 10, 14, 16 

82-150 Zn 70 5, 7, 10, 14, 16 

<1-24 Pb 12.5 5, 7, 10, 14, 16 

0.2- 5.8 Ag 0.07 5, 7, 9, 14, 16 

0.15-33.91 Au 0.004 All 

 

Table-2 shows that the concentration of gold and 

base metals in the study area, are higher anomaly 

compared to the global standards. 13 samples were 

analyzed in that 5 samples are above the standards in base 

metals (Cu, Zn, Pb and Ag). Therefore, these results show 

that the artisanal gold miners need some awareness, 

processing method and extraction equipment. 

 

4. CONCLUSIONS  

Mining and processing methods used in the AGM 

in Asgede Tsibla and Laelay-Adiabo summarized as deep, 

surface and shallow mining. AGM in both district was 

totally manual and uses high labor intensive technology. 

The techniques and tool artisanal miners were using for 

mining and processing gold were unsafe, inefficient and 

traditional. These traditional practices resulted in very low 

yields and high health risk and environmental damages. 

The introductions of metal detectors for identifying the 

potential mineralized zones are considered good for gold 

prospectors. The gold and metal concentration (Cu, Zn, Pb 

and Ag) are identified in the waste materials from the 

mining sites in that 5 samples  shows higher values than 

the world standards. Introduction of cost effective modern 

mining methods and processing equipments will help 

artisanal gold miners to achieve profitable and safe 

mining.  
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