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1. EXECUTIVE SUMMARY 

1.1 Introduction 

In Kenya, artisanal and small-scale gold mining employs roughly 250,000 miners with 
women making up 40% of the total (Solidaridad 2022) and exploits mostly greenstone-
hosted gold deposits with some production from alluvial deposits. 
 
Despite this seemingly large mining sector, its annual production only formally 
accounts for roughly 1% of the country’s GDP. A new Mining Act in 2016 was developed 
to bring the ASGM into the formal economy but a 2019 moratorium on new mining 
licences has delayed compliance. 

1.2 Property Ownership 

The 2019 moratorium on the review of new prospecting and mining licences has 
effectively stalled the application of the Mining Act of 2016 and slowed the transition 
to formalization of the artisanal and small-scale gold mining sector. The ASGM is 
operating largely outside the formal economy and without mineral rights to the 
deposits that they are exploiting. 
 
Ownership of Kenya’s mineral resources resides with the federal government under 
its Constitution of 2010. 

1.3 Property Description 

In the absence of mineral licences, there are no legal boundaries for the artisanal gold 
properties. The limits of the ASGM properties are defined by the access agreements 
with landowners. However, in the absence of prospecting permits, or mining licences, 
there are no associated environmental permits or bonds for compliance with the 
Mining Act.  
 
In meetings with the Ministry of Mines & Petroleum (J. Boiwo, pers comm) it was 
suggested that the moratorium might be approaching its end with the new government. 
Large areas currently held under prospecting permits by large-scale mining companies 
(i.e., Shanta Gold) are being relinquished. These areas may be designated for ASGM 
operators only; with small 50 m X 100 m claim areas. 

1.4 Status of Exploration 

Despite the northern extension of the Tanzania Craton extending into Western Kenya; 
few major gold deposits have been discovered in this area as compared to Tanzania. 
No major gold mining houses are actively exploring in Kenya; and exploration is left to 
small to medium-scale miners e.g., Caracal and Shanta Gold.  
 
Artisanal and small-scale miners carry out little exploration for new gold deposits, 
typically just following the vein systems along strike. Most artisanal gold mines are 
located near colonial era operations and focus on brownfield exploration. Since most 
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gold deposits in Kenya are found under cover (>25m), exploration for gold would 
require geochemical sampling with relatively high analytical costs being a barrier to 
ASGM. 

1.5 Geology and Mineralization 

The Tanzania Craton forms the south-eastern extent of the Archaean Eastern Congo 
Craton, a 2,000 km long corridor, which extends from Tanzania in the south, northwest 
into the Central African Republic. The southern part of the Tanzania Craton is 
dominated by felsic Dodoma gneisses, granitoid rocks and local supracrustal Dodoma 
schist relicts (Kabete et al., 2012). The northern part of the craton is composed of a 
Neoarchean granite-greenstone terrane of the Lake Victorian Goldfields (LVG), which 
provides the host environment for the gold deposits. The LVG comprises seven 
greenstone belts, Iramba/Sekenke, Nzega, Sukumaland, Kilimafedha, Musoma-Mara, 
Migori and Busia-Kakamega. 
 
Gold mineralization is associated with structurally controlled quartz vein systems 
within the greenstone belts. Secondary gold deposits are found within alluvial deposits 
associated with modern drainage systems like the Yala River. 

1.6 Conclusions and Recommendations 

The Lake Victoria Goldfields in Kenya still host a significant amount of gold, that is 
mined primarily by artisanal and small-scale operators. Exploration for new gold 
deposits continues, but at a very low level given challenges with mineral rights and a 
continuing moratorium on new applications for exploration permits. The current 
situation is not sustainable, because few new deposits are discovered to replace the 
existing, depleted gold resources. 
 
The lack of mechanization and almost total dependence on manual labour limits the 
ability of mine operators to expand gold production. Underground extraction of ore is 
limited by the number of miners able to work at any one time and ineffective 
processing reduces the amount of gold recovered. 
 
The alluvial gold deposits along the Yala River provide significant upside potential 
since the alluvial gravels extend onshore and would benefit from investment to enable 
excavation and improved processing technology. 
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2. INTRODUCTION 

Worldwide, it is estimated that there are more than 43 million micro, small, medium, 
and large artisanal miners extracting at least 30 different minerals in rural regions of 
developing countries (IGF, 2017). Approximately 20 million people in more than 70 
countries are directly involved in artisanal gold mining (AGM) with an estimated gold 
production between 380 and 450 tonnes per annum (Seccatore et al., 2014, Thomas et 
al., 2019, Stocklin-Weinberg et al., 2019, UNEP, 2020). 
 

 
Figure 1: Distribution of Greenstone Belts within the Tanzania Craton. The location of the Yala River lies 
within the red ellipse (Chamberlain 2003). 

In Kenya, artisanal and small-scale gold mining employs roughly 250,000 miners, with 
women making up 40% of the total (Solidaridad 2022) and exploits mostly greenstone-
hosted gold deposits (Figure 1). 

2.1 Purpose of Report 

This report has been prepared for planetGOLD with the Artisanal Gold Council (AGC) 
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as the executing agency. The AGC is a Canadian non-governmental organisation 
involved in mineral exploration and development 

2.2 Terms of Reference 

On May 23, 2022; the Artisanal Gold Council engaged the services of Peter Holmes to 
prepare an independent Geological Technical Report. This report examines the various 
aspects of artisanal mining with a view of its potential to attract investment from both 
domestic and international sources.  
 
Peter Holmes is an independent qualified exploration geologist as described in Section 
28 (Date and Signature Page) of this report. This report is based on the author’s personal 
examination of currently available reports and information about the Lake Victoria 
Goldfields in western Kenya.  
 
The author has not relied on other experts in the preparation of this report. The sources 
of information and data contained in the technical report or used in its preparation are 
provided under Section 25 (References) 

2.3 Sources of Information 

The author has reviewed geological data obtained from company reports and several 
papers published in scientific journals as referenced in Section 25 (References) of this 
report. The author has reviewed publicly available information from Kenya’s Mining 
website; found online for historical property assessment reports, and mineral tenure 
information, as well as its digital publication database for regional geological data and 
mineral occurrence information. Climate information was obtained from UNDP, and 
population and local information for the Area of Interest (AOI) was obtained from 
Wikipedia. The author also reviewed information provided by planetGOLD-Kenya. 
 
This report is based on personal examination, by the author, of currently available 
reports and data on the Lake Victoria Goldfields region and ASGM operations in Kenya. 
The author visited Kenya from December 4-December 11, 2022; to evaluate the 
geological environment, to discuss the ASGM sector with various stakeholders and to 
assess the gold prospectivity/sustainability of ASGM operations in the Lake Victoria 
region of Kenya. The information, opinions and conclusions contained herein are 
based on:  
 

► Information available to the author at the time of preparation of this report. 
► Assumptions, conditions, and qualifications as set forth in this report. 
► Data, reports, and other information supplied by the Company and other 

third-party sources. 
► The author’s site visit to the artisanal gold mining operations at Migori, 

Narok and Kakamega Counties on 6th to 10th December 2022. 
► The author’s review of available reports and legal documents relating to the 

Mining Act. 
► The author’s expertise of similar projects. 
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2.4 Site Visit to Western Kenya 

A fundamental requirement for a technical report is a site visit to verify any 
assumptions and confirm locations of activities and scope of the operations. For Kenya, 
the field excursion was brief, December 05–10 2022, but covered key artisanal gold sites 
at Osiri, Kakamega, Lolgorian, and the alluvial gravels along the Yala River. 
 
The brief visit provided the opportunity to get an overview of the artisanal gold mining 
sector in western Kenya. Moreover, the visits to the various mining operations 
confirmed that processing with sluices is used at all gold treatment sites; with the same 
issues of poor mixing, low water use, etc. Cyanide treatment plants were observed at 
Osiri and Vihiga mine sites, but no information was provided about gold recovery. 
Visits to some licensed cyanide treatment plants would have been useful; to observe 
their operations and query their parameters. 
 
During the Vihiga visit, it was mentioned that one of the shafts had almost exhausted 
the orebody. This is a reality faced by all mining companies. As the orebody is depleted; 
new mineral resources must be discovered. New orebodies are found by exploration, 
which carries a high risk of not finding a new deposit, and money invested in 
prospecting is lost. Artisanal mines in Kenya generate low revenue; this does not allow 
for self-funding extensive exploration programmes. Therefore, miners continue to 
work low grade material. 
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3. RELIANCE ON OTHER EXPERTS 

The author has not relied on the opinion of non-qualified persons in the preparing of 
this technical report. As described in sections 1.2 and 4.5 the author has reviewed the 
information regarding ownership, permits, licenses, environmental concerns, as 
described in agreements between the ASGM and whomever. 
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4. PROPERTY DESCRIPTION AND LOCATION 

4.1 Location 

Virtually all significant ASGM activities occur in southwestern Kenya within three 
counties – Migori, Kakamega and Narok (Figure 2).  
 

 
Figure 2: Location Map showing Counties with Gold Deposits in Kenya 

4.2 Mineral Rights in Kenya 

Ownership of Kenya’s mineral resources resides with the federal government under 
its Constitution of 2010. 

4.3 Property Legal Status 

A moratorium on accepting new mineral licence/permit applications was implemented 
in 2019 and has prevented artisanal miners from acquiring the mineral rights to their 
mine sites. In the interim, any existing applications were reviewed and processed. 
The Ministry of Mines proposes to set aside some ground that was subject to 
prospecting permits held by Shanta Gold. As the ground is relinquished, it will be 
designated for artisanal mining only. 

4.4 Nature of Title to the Property 
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The only title to the property an artisanal mine is located on, is the written agreement 
with the landowner but that only grants surficial access. Mineral rights pertain to the 
subsoil and these have not been granted. 

4.5 Surface Rights in Kenya 

Understanding surface rights in Kenya is important for access to land and 
compensation for its use. Written agreements with landowners are commonly 
executed for artisanal gold miners to establish mine workings (usually a shaft and 
processing facilities) on specific sites. Landowners are paid rent and sometimes receive 
a share of the gold production. 
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4.6 Mineral Licenses and Permitting in Kenya 
Ground acquisition for exploration and mining is part of the permitting process for 
artisanal and small-scale mining (Table 1). 

Table 1: Mineral Legislation in Kenya (Mining Act 2016) 

 
  

Operations Licence 
Type 

Eligibility  Licence Area Term Comments 

Small-
scale 

Reconnaiss-
ance Permit 

Citizen or corporate 
body with >60% 
shareholding by 
citizens 

Not specified Non-exclusive 
rights 

If rights are over community 
land, must have consents 
from community land 
administrators or county 
governments, if community 
land is un-alienated 

Consent will be given by 
signing a legally binding 
agreement with Government 
or mining rights holder, or 
adequate compensation 

 Prospecting 
permit 

Citizen or corporate 
body with >60% 
shareholding by 
citizens 

Minimum: 
not specified 
Maximum: 
2 contiguous 
blocks 

Maximum: 5 
years 
Condition: 
Renewable, 
once up to 5 
years 

Doesn’t specify whether rights 
are exclusive or non-exclusive 

 Mining 
permit 

Citizen or corporate 
body with >60% 
shareholding by 
citizens 

Minimum – 
not specified 
Maximum: 
2 contiguous 
blocks 

 Maximum: 5 
years  

 Condition: 
Renewable, 
for up to 5 
years or 
LOM, 
whichever is 
shorter 

Exclusive rights 

Artisanal 
Mining 

Artisanal 
Mining 
Permit 

Citizen having 
attained age of 
majority belonging 
to an artisanal 
mining cooperative 
association or group 

Not specified  Maximum: 
three (3) 
years  

 Condition: 
Applies to an 
area whole, 
or a part, of 
the area 
covered by a 
prospecting 

 Licence. 
Condition: 
Renewable, 
once 

Permit valid only for the 
minerals specified in 
application Can apply to 
convert it to a small-scale 
permit as per Regulations to 
be developed 
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4.7 Environmental 

The writer observed that no consideration was given to environmental compliance by 
any of the artisanal gold mines that were visited.  
 
Before a person is granted a small-scale mining licence, they are expected to obtain an 
Environmental Impact Assessment, an approved Social Heritage Assessment, and an 
approved Environmental Management Plan. Equally, prospecting, retention and 
mining licences cannot be granted unless the applicant submits a site mitigation and 
rehabilitation or mine-closure plans for approval. In this regard, the applicant is 
required to provide an Environmental Protection Bond (or financial security) sufficient 
to cover any costs associated with the implementation of the environmental and 
rehabilitation obligations. These requirements place a significant financial burden on 
small-scale mining companies for compliance. 
 
A recent example of an Environmental Impact Assessment (Kigen 2021) for small-scale 
gold mining operation in Kapsaos Nandi County provides a good reference to satisfy 
the requirements for the National Environment Management Authority (NEMA). 
Copies of deeds and approved mining licences included in the appendices provide 
useful examples of the legal documents issued by the government.  
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5. ACCESSIBILITY, CLIMATE, LOCAL 
RESOURCES, INFRASTRUCTURE AND 
PHYSIOGRAPHY 

5.1 Accessibility 

Road access (Figure 3) to the various artisanal mine sites in southwestern Kenya is very 
good and Kenya in general has an extensive road network connecting it to Uganda and 
Tanzania to the south. The main road from Nairobi to Uganda is the A104 is paved and 
mostly two lanes. Moving heavy mining equipment around Kenya can be done easily. 
The trip from Nairobi to Migori (~375 km) took about eight hours on the B3 paved road. 
Airports are also located at Migori, Kakamega and Narok for turboprop aircraft. 
 

 
Figure 3: Road Network of Kenya 
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5.2 Climate 

There are two rainy seasons—the heaviest rains (called masika) usually fall from mid-
March to May and a shorter period of rain (called vuli) occurs in November and 
December (Figure 4). January and February are mostly dry, although there may be a 
chance of rain. The dry season, with cooler temperatures, lasts from May to October. 
 
In the Lake Victoria basin, annual precipitation varies from 1,000 mm around the 
lakeshore to more than 1,800 mm in the higher elevations in the eastern areas. 
  

 
Figure 4: Mean Annual Precipitation in Kenya 

  
 

Daily maximum temperatures range from 27 °C in July to 32 °C in October and 
February. 

 

5.3 Local Resources 

The majority of the artisanal mining operations have minimal requirements for 
electrical power because most of the processing involves manual labor. The 
underground miners use flashlights attached to their headgear and winches require 
four persons to raise the ore buckets.  



18 

 
 

 

 
Larger or deeper mining operations include Atlas Copco compressors to provide 
ventilation as the deepest gold mine at Osiri has a shaft down to 1,000 ft (330m) but 
generators provide electricity to drive the ball mills and any other power needs. Osiri 
was the exception as a power corridor passed through the mining operations providing 
a connection to the power grid. The cost of electricity can reach KES 500,000 (USD 
$4,000) monthly. 
 
A key requirement for all mining operations is water for processing. Despite the high-
water table, and abundant rainfall in western Kenya, water use in most sites visited by 
the writer was restricted to jugs for sluices and plastic tubs for panning concentrates. 

5.4 Infrastructure 

Most artisanal mine sites had some large tanks or concrete-lined reservoirs to collect 
rainwater. Waterlines and pumps were observed to dewater the mines and distribute 
water throughout the worksites. Water is simply delivered to the sluices in large pails. 
Road access is good to all sites visited through ungraded dirt tracks connected to the 
highway system so any heavy equipment can be transported to site. 
 
Power requirements are usually provided by generators but if any mining operations 
achieved a significant threshold they could be connected to the national grid.  
 
Coverage for mobile communications is offered by several operators – Airtel Kenya, 
Telkom Kenya and most commonly by Safaricom. Foreigners can purchase a local SIM 
card by presenting a passport. Only a couple of larger mine operators had machine 
shops with mechanics for servicing equipment and repairs. Generally, artisanal or 
small-scale mines are self-sufficient for routine operations relying on contractors from 
Tanzania for specialized services such as blasting. These contractors provide all 
explosives and drilling equipment for loading shots. 

5.5 Physiography 

The Lake Victoria basin is part of a plateau rising eastward from the lakeshore to the 
Rift highlands. The lower part, forming the lake basin proper, is itself a plateau area 
lying between 900 and 1,200 metres above sea level (Figure 5). The rolling grassland of 
this plateau is cut almost in half by the Kano Plain, into which an arm of the lake known 
as the Winam Gulf (Kavirondo Gulf) extends eastward for 80 km. The floor of the Kano 
Plain merges north and south into highlands characterized by several extinct 
volcanoes. 
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Figure 5: Koppen-Geiger Climate Classification Map for Kenya (1980 – 2016) 
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6. GOLD EXPLORATION HISTORY 

Artisanal gold mining has a long history in Kenya dating back to the 1920’s.The 
mineralisation at the Rosterman mine was hosted within an outcropping quartz vein 
and early mining extracted near surface ore to a depth of 5 metres at an average grade 
of approximately 50 g/t. Similar high grades have been reported from numerous other 
operations for shallow parts of the mineralised zones but a sharp drop in grade was 
often reported in fresh rock, evidence for significant surficial enrichment in the LVG. 
The mine started operations in 1935 and ore was accessed via a vertical shaft that 
reached a depth of 588 metres, When operations ceased in 1952 some 259,000 ounces 
of gold at an average grade of 12.3 g/t had been produced. 
 
Small scale underground mining in the North Mara area was active between the 1930s 
and 1970s (e.g. Mara Mine, Nyabirama, Komerera and Golden Glory) withocal artisanal 
mining ongoing through the 1980s. In 1987 a substantial artisanal gold rush occurred 
at Nyabigena following a discovery by a shepherd. It is estimated that approximately 3 
tonnes of gold were recovered by these operations (Stewart et al., 2001). In 1993, Afrika 
Mashariki Gold Mines (AMGM) recognised the lack of previous modern exploration 
conducted in the North Mara area and applied for 500 square kilometres of exploration 
tenements. Drilling beneath artisanal workings commenced in 1993 resulting in 
discoveries at Nyabirama and Nyabigena. By June 1996 gold resources of one million 
ounces had been defined. Ongoing exploration continued to add resource and reserve 
ounces and by the end of 2001 resources had increased to 3.8 million ounces and 
reserves to 1.9 million ounces. Gokona lies beneath 6 to 40 metres of Tertiary lava 
approximately 600 metres west along strike from the Nyabigena deposit. It was 
discovered by an IP survey followed up by reconnaissance reverse circulation drilling. 
The IP technique was used due to the significant silicification (potassic feldspar/silica) 
and sulphidation (pyrite/arsenopyrite) observed in association with the gold 
mineralisation at the Nyabigena deposit. An initial resource of some 700,000 ounces 
grading 5.4 g/t Au was defined in December 2002, just over 12 months after the 
discovery hole. By December 2002 identified gold resources of approximately 4.4 
million ounces and 3 million ounces of reserves had been delineated within three open-
cut deposits (Nyabirama, Nyabigena and Gokona). 
 
Near surface gold mineralization has enabled the artisanal and small-scale gold mines 
in Kenya to persist and expand as the price of gold rises. The artisanal miners can act 
as prospectors for large gold systems that may eventually attract the interest of large-
scale miners with the capacity to explore deeper to identify economic gold deposits. 
 
In 1930, a group led by Louis Andrew Johnson was on the way back from northern 
Tanganyika when they stopped at Kakamega near the Yala River. They panned the 
river and found gold flecks. After raising some funds, they started to stake claims and 
so began the Kakamega gold rush. Johnson’s syndicate had found a large outcrop of 
gold-bearing quartz reefs in the Kiminini area between the Yala river and Milmo’s 
camp; they acquired an exclusive prospecting licence over a considerable area, some 



21 

 
 

 

of which had rich alluvial gold. 
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7. GEOLOGICAL SETTING AND 
MINERALISATION 

7.1 Regional Geology 

The Tanzania Craton forms the south-eastern extent of the Archaean Eastern Congo 
Craton, a 2,000 km long corridor, which extends from Tanzania in the south, northwest 
into the Central African Republic (Figure 6). The southern part of the Tanzania Craton 
is dominated by felsic Dodoma gneisses and granitoid rocks and local supracrustal 
Dodoma schist relicts (Kabete et al., 2012). The northern part of the craton is composed 
of a Neoarchean granite-greenstone terrane of the Lake Victorian Goldfields (LVG), 
which provides the host environment for the gold deposits. The LVG comprises seven 
greenstone belts, Iramba/Sekenke, Nzega, Sukumaland, Kilimafedha, Musoma-Mara, 
Migori and Busia-Kakamega. Early workers recognised unifying stratigraphic themes 
within these greenstone belts. 
 

 
Figure 6: Geological Setting of the Lake Victoria Goldfields within the Eastern Congo Craton 

The Busia-Kakamega Greenstone Belt lies on the northern edge of Lake Victoria 
extending northwest from Kakamega in Kenya, into Uganda. The belt comprises an 
overall northeast facing sequence of volcanic and sedimentary rocks intruded by 
granitoids. The oldest rocks are pre-2750 Ma Samia Hills Group in the west through the 
2700- 2670 Ma Ndori group and 2670-2660 Ma Yala group, eastward into the 2660 Ma 
Kavirondo group (Sharp et al. 2016). The volcanic units, and their intrusive equivalents, 
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include rocks of komatiitic, tholeiitic, calcalkaline and high potassium adakitic 
composition: the adakitic rocks within the Yala River group are intercalated with 
sandstone and conglomerate which has been included in the Kavirondo group in the 
past. The komatiitic suite hosted by the Ndori Group includes high-Mg basalts and 
ultramafic volcaniclastic rocks. The granitoids can be separated into two groups: an 
older calcic syn-volcanic suite predating deposition of the Kavirondo group 
sedimentary rocks and a younger circa 2650 Ma high potassium suite which post-dates 
the Kavirondo group. Most of the rocks throughout the Busia-Kakamega Greenstone 
Belt show remarkably little strain at the outcrop scale. Exceptions are occurrences of 
mafic volcanic meta-tectonites. Field relations suggest these meta-tectonites are 
passively intruded by the circa 2670 Ma Assembo granitoid, which provides a 
minimum age for this early deformation. Rocks of the younger Kavirondo group are 
locally folded and in places cut by a steep cleavage in outcrops. The inferred ca. 2660 
Ma age of the Kavirondo group provides a maximum age for this younger cleavage and 
a clear indication that there are at least two distinctive generations of structures in the 
belt. East-northeast faults are inferred across the belt from several lines of evidence. 
These faults are discordant features, most likely representative of younger 
deformation. The major structural grain of rocks in the central part of the belt is 
northeast, truncated by the north striking intrusive contacts of the circa 2655 Ma 
Maragoli and Mumias external batholiths. 
 
Within the Busia Kakamega Belt two informal geological regions have been recognised, 
the Kakamega Dome in the northeast, a broad synclinal structure of volcano-
sedimentary rocks and the Lake Zone in the southwest a northeast trending folded and 
thrusted volcano-sedimentary sequence. 
 
The Migori Greenstone Belt lies at the northeastern end of the Archean Tanzanian 
Craton and is bounded by younger Archean granites and Proterozoic rocks. The 
Greenstone Belt itself has been dated at 2.7-2.3Ga and consists of a mix of 
metasediments, predominately pelitic greywackes and shales, as well igneous rocks 
including tuffs, dolerites and andesites with varying degrees of associated 
metamorphism. The belt has been formed from a complex sedimentary basin 
consisting of several volcanic centres forming a pattern of subaerial andesites and 
associated volcano-sedimentary rocks, subaqueous basalts, dacites and rhyolites and 
turbiditic sediments. Banded iron formations also occur associated with turbiditic 
rocks. Also of note are Kuroko-style VMS deposits around the Macalder area, which 
have been worked for copper, zinc and silver, and is currently worked for gold by 
small-scale operations (Henckl et al 2016).  
 
The Archean Nyanzian Craton area of western Kenya, where metallic mineralisation 
of base and precious metals such as gold, copper, and silver are present and the 
potential for ferrous and non-ferrous metals exists (Figure 7). 
 
Gold mineralisation occurs within banded iron formations, tuffaceous rocks and most 
commonly in steeply dipping, strike parallel, quartz veins often associated with steeply 
dipping strike slip faults. The majority of current gold workings seem to be in close 
proximity to the granite contact which suggests that an intrusion-related gold deposit 
(IRGD) model may apply. 
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Figure 7: Location map showing main gold producing sites and other commodities 

7.2 Gold Mineralization 

Based on the key parameters, orogenic gold deposits are evidently the products of 
successive processes that should occur at specific depths and times with specific rocks, 
tectonic settings and physicochemical conditions (temperature, pressure, pH and 
conditions). From the lower to the upper crust, the favourable successions required 
and all the possible ways of aborting the system is presented in Figure 8. First, 
metamorphic fluids should be generated. Second, ligands (HS-) should be available; 
otherwise, the system aborts. Third, gold should be present, and fourth, favourable 
structures or faults should be available and active to transfer the mineralising fluids 
up to the seismic zone. Finally, efficient mechanisms for gold precipitation are needed; 
otherwise, fluids will be flushed to the surface (eroded at present level of exposure) 
with their gold in solution. This systemic approach also highlights the possibility of 
forming barren ore zones, which have all the characteristics of a productive system but 
lack gold (Gaboury 2019). 
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Figure 8: Anatomy of an orogenic gold hydrothermal system with the key parameters.  

Note: The conceptual representation is based on a mineral systems approach, where the formation of an 
orogenic gold deposit, from the bottom up and in time, requires a sequence of processes to provide key 
parameters; otherwise, the mineralization does not form (Groves etal 2020). The timeframe is adapted 
from Cox (2016) 
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8. DEPOSIT TYPES 

8.1 Orogenic Gold Systems 

Archean to Proterozoic-aged orogenic gold in quartz-carbonate veins is the 
predominant model for Kenyan gold deposits. In the past literature these were also 
referred to as mesothermal gold deposits, hosted in tectonically stable, thick cratons, 
shields and orogenic belts. They’ve been exposed to tropical climates (Af to Aw) since 
the late Carboniferous. Thick regolith has formed, and the topography has been 
reduced to low and undulating terrain (Figure 9). 
 
Intrusion-related gold systems can form through multistage processes and have 
orogenic gold system overprints (Mathieu 2021). More study is required to examine the 
genesis of the gold deposits. 
 

 
Figure 9: Nyanzian Greenstone Belts of the Lake Victoria Goldfields and Major Gold Deposits 

  
Hardrock mining using central shafts and tunnel systems to extract gold-bearing 
andesitic and tuffaceous rocks. The gold is hosted primarily within quartz vein systems 
that can be easily recognized by artisanal miners (Table 2).  



27 

 
 

 

 
Table 2: Largest Gold Deposits in Tanzania and Kenya 

Gold Deposit Tonnage 
(mt) 

Grade 
(gpt) 

Contained 
Gold (oz) 

Owner 

Bulyanhulu* 56 mt 9.68 17,451,827 Barrick 
Geita* 143 mt 2.67 12,278,043 Anglogold Ashanti 
Nyanzaga* 91 mt 1.51 4,425,577 Barrick 
Buzwagi 85 mt 1.25 3,440,550 Barrick 
New Luika* 14 mt 3.21 1,474,159 Shanta Gold 
Golden Pond 25 mt 1.80 1,416,214 Resolute Mining 
SMP 31 mt 1.26 1,260,566 Helio Resources 
Mikei (Kenya) 29 mt 1.26 1,192,097 Red Rock Resources 
Nyakufuru 19 mt 1.72 1,071,262 Resolute Mining 
Handeni/Mag
ambazi 

22 mt 1.44 1,014,811 East Africa Minerals 

Kilimepesa 14 mt 1.56 705,000 Caracal Gold 
Rosterman    Inactive 

N.B. Tier 1 deposits/mines are considered to have >10M oz of contained gold. 
* Producing or past producing mine. 

  
There is a clear difference between the gold deposits in Tanzania and Kenya; in terms 
of both grade and tonnage. However, it is worth noting that artisanal activities in many 
locales in Tanzania preceded the discoveries of the large gold mines. 

8.2 Alluvial Gold Deposits 

The distribution of primary gold deposits throughout western Kenya provides the 
source for gold in the alluvial deposits. Exploration for lode gold deposits typically 
began with stream sediment sampling but some accumulations of heavy minerals 
including gold reached economic levels in alluvial deposits. 
 
No reliable data is available on the gold content within the alluvial deposits along the 
Yala River, but some miners will struggle to recover 0.5 g for a day’s effort. However, 
on a good day, the artisanal miners might get from 2g to 5g of gold (The Standard, 
September 6, 2021). 
 
The ASGM target recent alluvial deposits that are exposed along both sides of the Yala 
River. The well-sorted gravel unit that hosts the gold extends up to 50m onshore but is 
covered by thick (up to 6m), very fine-grained (barren) overbank sediments. Lacking 
access to heavy equipment, the artisanal miners hand dig through the overbank 
sediments to reach the gravel unit (Figures 10 & 11). Onshore the gravel unit may only 
be 1m thick wedging out but within the active river, the auriferous gravels may reach 
3m or more.  
 
Another potential source of gold would be on the riverbed. At Sigalagala, the writer 
observed exposed irregular outcrop that would be suitable to trap gold particles 
flushed along the river during flood stages. These sites would require specialized 
dredge pumps and operators with knowledge of diving. 
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Figure 10: Excavating the overbank sediments to access the alluvial gravels 

  
 

 
Figure 11: Sluicing alluvial sediments along shore of the Yala River. 
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9. GOLD EXPLORATION FOR OROGENIC 
DEPOSITS 

Traditionally, understanding the regional geology is the key to exploring for gold by 
large mining companies. LSM companies will employ structural mappers, geochemists 
and other specialists in their search for new Tier-1 deposits (i.e., >10M oz of contained 
gold). 
 
For the artisanal miner, prospecting using geochemical sampling to identify gold 
anomalies (Figure 12) in surficial material or with geophysics to find favourable 
structures are beyond their means. 
 

 
Figure 12: Schematic cross section through simplified primary gold mineralized system consisting of gold 
in quartz veins and stockwork mineralization that has been exposed to tropical weathering at the 
surface (Voormeij 2021). 

In discussions with the artisanal miners, virtually every active site can be traced to the 



30 

 
 

 

colonial era (ca. 1933) with some even using the same shafts. Understanding that 
structure defined the ore horizons or gold mineralization, the miners simply follow the 
trend of the known mineralization. Of course, some quartz vein systems have multiple 
horizons which has miners operating at different levels requiring the deepening of 
shafts (Figure 13). 
 

 
Figure 13: Conceptual Diagram Showing the Movement of Metals through the Regolith (CSIRO 2022) 

 

9.1 Mineral Prospectivity for Gold 

For several years the LVG was seen as highly attractive for mining and exploration 
companies, with exploration expenditures in the year 1998 being the highest of any 
African country. However, the increased investment in exploration in the next decade 
did not lead to any large mines coming on stream after 2009. While a number of 
discoveries have been made, such as Golden Ridge and Nyanzaga, a higher gold price 
will be required to bring these deposits into production. The maturity of the LVG also 
requires new exploration ideas and technologies. The fact that many Archaean 
greenstone gold deposits worldwide have been shown to extend to depths of two 
kilometres or more suggests that one avenue is deeper exploration around existing 
deposits which possess high gold grades. Lower-grade, near surface deposits of the type 
exploited to date by open pit mining will be increasingly difficult to discover but the 
stockwork-disseminated deposits of similar setting and style to Gokona-Nyabigena may 
have been overlooked by prospectors and artisanal miners who have tended to focus 
on the more common quartz vein deposits. 
 
In fact, it is worth noting that Barrick (Canada) has publicly indicated its renewed 
interest to explore for gold in East Africa (Mining.com 2022).  
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10. DRILLING 

No drilling has occurred at any of the artisanal or small-scale mines that were visited.  
 
  



32 

 
 

 

11. SAMPLE PREPARATION, ANALYSES, AND 
SECURITY  

Although no laboratory testing is conducted to determine the ore Ngold content, the 
mine operators do follow the quantity of gold that is recovered from the ore bags 
(Figure 14). The lowest grade reported by the ASGM was 0.2 gram per bag and the 
highest was 5 grams per bag (it was noted that the gold content was highly variable 
within a mine). These grades are only what was recovered and not the true gold 

content.  
Figure 14: Ore sample showing sulphides in Migori County Commissioner’s Office  
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12. DATA VERIFICATION 

A fundamental requirement for a technical report is a site visit to verify any 
assumptions and confirm locations of activities and scope of the operations. For Kenya, 
the field trip itinerary was as follows:  
 
Monday 5th December  
 
Meetings with planetGOLD-Kenya team (including Peterson Kamau, Deputy Director – 
Ministry of Environment and Forests) to discuss the objectives and planned outcomes 
of the writer’s visit & Ministry of Petroleum and Mining – Phillip Kirui, Chief Mines 
Inspector to discuss the status of formalization of ASGM. 
 
Tuesday 6th December 
 
Meeting with Symon Kamore Mwangi, Managing Director of SMEP Bank 
(Microfinance) to discuss investment and finance opportunities in the artisanal and 
small-scale gold mining sector. 
 
Travel by car with Kiprono Patrick (planetGOLD) and driver, Ndugu Samson from 
Nairobi to Migori and stay at Florence Hotel. 
 
Wednesday 7th December  
 
Meeting at Migori Regional Mining Office with Regional Commissioner of Mines, Joshua 
Boiwo to discuss ASGM activities; confirmed moratorium on new licence applications 
since 2019, all ASGM operating without mineral rights, ~300 cyanide processing plants 
(20% licenced). 
 
Site visits to the large Osiri Matanda mine, escorted by Kephan Ojuka (Chairperson of 
Osiri Artisanal Mining Committee) and visit small Mikei Mining Site (George Onko). 
 
Thursday 8th December  
 
Visit Kehancha mine, travel to Narok County to visit Lolgorian mine with Cheramba, 
Chairperson of Lolgorian Artisanal Mining Coimmittee and MoM&P geologist, Danstan 
Sinigi enroute to Kakamega and stay at Golf Hotel. 
 
Friday 9th December  
 
Meeting with Herbert Asema (Chairperson Vihiga Mining Cooperative) with visit to 
Vihiga mine site, Meeting with Timothy Mukoshi (Chairperson of Kakamega Group) 
with site visits to the new Kakamega discovery, Bushiangala processing site and 
Sigalagala alluvial site on the Yala River in Kakamega County. 
 
Saturday 10th December  
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Travel back to Nairobi. 
 
The brief visit provided the opportunity to get an overview of the artisanal gold mining 
sector in western Kenya. Moreover, the visits to the various mining operations 
confirmed that processing with sluices is used at all gold treatment sites with the same 
issues of poor mixing, low water use, etc. Cyanide treatment plants were observed at 
Osiri and Vihiga mine sites, but no information was provided about gold recovery. 
Visits to some licensed cyanide treatment plants would have been useful to observe 
these operations and query their operating parameters.  



35 

 
 

 

13. METALLURGICAL TESTING 

No metallurgical testing was conducted for this report and there are no records of such 
testing that we are aware of. Tailings gold assaying is performed by secondary 
processors, but the results are not shared publicly. 
 

 
Figure 15: Preparation of tailings sample to test gold content for CIL operator 
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14. MINERAL RESOURCE ESTIMATES 

In the absence of drilling or analysis of ore samples, no mineral resource estimates are 
possible. 
 
Drilling anywhere in the world is one of the most expensive sampling methods but it 
provides valuable information about the geology, mineralisation and gold content in 
the host rocks. It also provides data on the depth extent of the mineralised zone which 
can be used to attract potential investors to fund an expansion of the artisanal mining 
to a small-scale mining operation. 
 
If the drilling results were sufficiently interesting, then a potential cooperation 
agreement between ASGM and LSM companies is possible leading to a joint venture.  
 
Based on the small size of artisanal and small-scale mining permits, it is unlikely that 
an individual miner would have a LSM within the property, however the lateral extent 
and thickness of alluvial gold deposits is unknown (Figure 16). 
 

 
Figure 16: Sigalagala alluvial site on Yala River 
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15. MINERAL RESERVE ESTIMATES 

In the absence of drilling and controls on mining or sampling, no mineral reserve 
estimates are possible. 
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16. MINING METHODS 

The mining of gold ore in Kenya using poorly supported shafts and tunnels is of great 
concern. The tunnels are cramped, poorly ventilated and require frequent pumping to 
keep dry. Explosives (ANFO) are used to extract the ore which is then hauled out 
manually. There are relatively frequent mine collapses and flooding often leading to 
the death of miners. 
 
In Osiri, as in adjacent ASM areas in Migori, gold ore extraction and processing is 
carried out via underground extraction, crushing, milling, sluicing, and amalgamation, 
followed by amalgam burning and recovery of the doré (gold with residual mercury). 
Ore extraction occurs from several operating shafts, the most productive of which 
employs approximately 70 men and yields approximately 70 – 50kg sacks of ore per 
day (i.e., 3,500 kg) from a main 330 meters deep shaft connected to a gallery of tunnels 
that can extend for 100 meters. 
 
Extraction takes place in two phases: 
 

► During development/preparation, drilling using jackhammers and blasting with 
explosives is followed by one to two days pause to allow the gases to dissipate. 
Underground workings are then inspected by the blaster and timberman, and 
related timbering is done to support unstable ground. 

► During extraction, paid labourers remove waste rock discarded by miners in 
sacks for disposal at the surface, whilst workers use hammers and pickaxes to 
break ore (exposed wall rock or fragmented by blasting) into transportable sizes 
that they later haul to surface in sacks. Workers typically are equipped with 
rubber boots and small flashlights. 
 

Extraction takes place 24 hours per day, six days per week. However, downtime for 
drilling and blasting requires approximately eight hours per blast and is carried out 
once or twice weekly. Underground miners do not strictly work in set shifts or teams 
but can choose to work individually or in teams of two to five and for several (typically 
two to three) hours as needed to acquire at least one full sack of ore. They gain entry to 
the mine only as others exit to ensure numbers underground are reasonably limited 
given space constraints. 
 
On their return to surface with their ore, they receive their share (a 1:1 ratio, split with 
owners) (Figure 17). They then either sell or pay for processing of their ore and then 
break for the day or re-join the queue to return to work. 
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Figure 17: Splitting the ore between the owner and the miners 
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17. PROJECT INFRASTRUCTURE 

As expected, each mine site possessed minimal infrastructure to support the mining 
and processing facilities. Except for Osiri in Migori County, none were connected to the 
national power grid and water was stored in cisterns from rainfall or surface runoff. 
Buildings were usually simple wood structures with corrugated metal roofs. Access to 
the various mine sites is via ungraded dirt roads. 
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18. MARKET STUDIES AND CONTRACTS 

ASGM supply chains from the mine in Kenya to traders to the final market (usually 
Dubai) typically function outside the formal economy. The true magnitude of the 
artisanal and small-scale gold mining sector is unknown and operates informally 
without written contracts or agreements. 
 
Formalisation will bring transparency and some structure to the artisanal and small-
scale mining business.  
 
The application of the Mining Act of 2016 and its subsequent legislation will create legal 
entities, either individuals or cooperatives. As more ASGM enterprises enter the formal 
economy, there is an expectation that some key benefits will be provided to support 
the resource sector. 
 
Formalisation will include a royalty scheme for precious metals (currently 8% royalty 
on gold) that must be competitive with neighbouring countries to discourage tax 
avoidance and the illegal flow of gold across borders. 
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19. ENVIRONMENTAL STUDIES, PERMITTING AND 
SOCIAL OR COMMUNITY IMPACT 

The ASGM activities focus on the recovery of gold often using mercury to form 
amalgams with heavy mineral concentrates. New processing technologies in the final 
recovery of gold could have a significant impact in the reduction of mercury used that 
ultimately enters local ecosystems. Cyanidation processes only provide a partial 
solution that can actually result in worse outcomes in an unregulated situation. 
 
It is useful to examine the interplay of the interests of the various stakeholders (Figure 
24) to understand their motivations and identify opportunities for cooperation and 
interaction. 
 

 
Figure 18: Figure 24. Relational Stakeholder Map for Kenya    (Barreto et al 2018) 

With formalisation comes legalisation and regulation in what is currently operating 
largely outside government oversight. Regulation of any sector of the economy 
including the ASGM will bring minimum standards for operation including safe work 
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practices and environmental protection. Moreover, it should provide security for mine 
owners and operators and introduce a legal framework where permits and licenses are 
considered assets. Exploration and mining assets require valuations to secure funding 
or financial aid to improve and expand their mining operations. 
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20. CAPITAL AND OPERATING COSTS 

The capital and operating costs for artisanal and small-scale miners in Kenya are 
minimal for individual owners or operators. Major capital items would be water 
pumps, generators and air compressors but the value of these items would be minor 
and likely not appear in any accounts. 
 
The sluices currently in use would benefit from modern, thicker matting with smaller 
openings.  
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21. ECONOMIC ANALYSIS 

Artisanal gold mining has a significant impact on the regional economies of the 
counties where it is concentrated in West Kenya due mainly to its local employment. 
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22. OTHER RELEVANT DATA AND INFORMATION 

There is no other relevant information known to the Qualified Persons that would 
make this report more understandable or that if undisclosed would make this report 
misleading. 
 
 
 
 
 
 

 
 
 
  



47 

 
 

 

23. INTERPRETATION AND CONCLUSIONS 

The Lake Victoria Goldfields in Kenya still host a significant amount of gold that is 
mined primarily by artisanal and small-scale operators. Exploration for new gold 
deposits is continuing but at a very low level given challenges with mineral rights and 
a continuing moratorium on new applications for exploration permits. 
 
The nature of the artisanal gold mines extracting ore from hard rock sources presents 
serious challenges to safe underground operations and the manual transport of ore in 
bags to the surface limits the potential for increased production. The sinking of 
additional shafts by other mining groups along the same mineralized horizon provides 
an opportunity for others to benefit but it is cannibalizing the ore body. In effect, the 
mine life of the original gold operations is shortened as tunnels intersect and conflicts 
arise. 
 
The underground miners are paid on a production sharing basis with the mine owner 
and sometimes the landowner. This method of payment insulates the mine owner from 
the geological variability of the orebody as no advance drilling or analysis of the ore is 
done to establish the true grade. However, the sample treatment is largely the domain 
of women who receive daily wages for their efforts. Women were feeding the fine 
products from the ball mills over the sluices and were also seen crushing rocks to 
reduce their size before crushing or pulverizing in the standard ball mills. The artisanal 
mines are one of the largest employers in Migori, Kakamega and Narok counties. 
 
Although every site visited used sluices followed by some panning, there were 
variations in the inclination of the sluices, waterflow, feed rate and amount of material 
allowed to accumulate on the burlap matting. In general, their operation was sub-
optimal to concentrate gold because much of the fine gangue material was retained on 
the matting. This may be a recognition that most of the gold particles are very fine and 
would be washed away if the sluice achieved the appropriate pulp density.  
 
Some mines have introduced compressors for ventilation and water pumps are 
essential to manage both groundwater infiltration and surface runoff. 
 
The alluvial deposits along the River Yala in Kakamega County were only seen on the 
final day. Mining activity was evident along the river with hand dug pits through up to 
8m of fine-grained overbank sediments to access the gravels. Some miners were 
working in the active flow to some 3 to 5 feet below the water level. One miner 
presented a meagre gold recovery for the day but the significant point is that half the 
gold was coarse and would be amenable to recovery by sluicing. 
 
Exploration for gold mineral systems that could support a larger-scale mine should also 
examine intrusion-related gold systems (Figure 25). Previous exploration programs 
focused on orogenic gold systems, but the IRGS may offer a fresh perspective to 
interpret geochemical results and examine where the gold potential lies. Like 
everything in exploration, the mineral systems approach requires modern datasets 
(i.e., geochemistry, geophysics, etc.) covering large regions typically collected by 
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national geological surveys. The pre-competitive datasets are effective in attracting 
investment by exploration and mining companies. 
 

 
Figure 19: Schematic model of an intrusion-related gold system 

  
From the perspective of investment and access to funding, many operators would 
benefit with improved efficiency from small loans to buy water pumps or electric 
winches. New processing technology would require an increased throughput that is 
likely not achievable from a single shaft. Multiple shafts will increase the rate of 
depletion of the resource and probably require more frequent visits by the blaster to 
maintain production. 
 
The main method of gold recovery is sluicing followed by panning to produce a heavy 
mineral concentrate. In Kenya, the feed for the sluices is the fine-grained (i.e., -0.3mm) 
product from the ball mills. However, the dry product is poured into a box at the top of 
the sluice where water is introduced to flush the feed across the burlap matting. Water 
was poured from a small container, so the flow is discontinuous and inconsistent. The 
operation of the sluices was unlikely to achieve significant concentration as the fine-
grained feed would quickly blind the matting. 
 
The short sluices with low inclinations that are used by miners processing alluvial 
deposits are somewhat effective in gold recovery. During the visit to Sigalagala, a miner 
showed his gold recovery for the day which was estimated at 1 gram. What was notable 
was that it included coarser gold particles than was seen at the hard rock mines.  
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24. RECOMMENDATIONS 

26.1 Formalization 

Formalization of the artisanal gold mining is a key component to bring transparency 
and order to this important sector of the Kenyan economy. The current situation is not 
sustainable, where abandoned shafts and mine workings present hazards to 
landowners and livestock. But the transition to formalization requires a plan using the 
Mining Act of 2016 as a roadmap and engagement with the artisanal mining 
community. 
 
Documentation of the various key mine sites in Migori, Kakamega, Narok and other 
counties can be done through visits by Ministry of Mining geologists using GPS to 
record shaft locations and key data. Similarly, samples of ore and host rocks should be 
submitted to the Directorate of Geology for archiving and possible laboratory analysis 
to determine the gold content. This inventory of gold mineralization would provide a 
valuable exploration tool to understand the mineral systems that formed the ore 
deposits. 
 
The archival samples could be used by various stakeholders including universities to 
test theses on the timing of mineralization, sources of gold-bearing fluids or gold 
deportment studies. The value of academic studies on the various gold deposits is 
shown by the work of L. Salimo (2013) – “Gold mineralisation at Masumbi Au-Cu 
Prospect, West Kenya: Implication for gold exploration in the Archaean Ndori 
Greenstone Belt of Kenya”. 
 
With some 300 cyanide leach plants in Migori county, it is estimated that only 20% have 
the necessary processing licence. Starting with the licenced operators, a registry 
documenting their production data, chemical use, disposal protocols for leachate and 
general compliance with the terms of their licence should be established. Visits to the 
unlicensed sites would engage these operators in the formalization process and 
emphasize the need to process auriferous tailings following best practices for 
environmental compliance. 

26.2 Opportunities for Improvement  

A key area for artisanal mining would be to provide workshops on sample processing 
to build capacity and understanding about the principles of gravity concentration. Also 
new technologies could be introduced, and their operation explained but with a view 
to enhanced recovery and mercury-free processing. planetGOLD can provide a good 
source of information and support for the knowledge transfer because of its in-house 
expertise on mercury-free gold recovery methods and technologies. 
 
Communication of best practices for artisanal gold mining would be an important 
initiative to improve operating conditions across the industry. Sluice operations would 
benefit from modern, thicker matting that would allow fine gold particles to lodge 
deeper and resist being flushed into tailings. The fine-grained feed for the sluices would 
also benefit from wetting and mixing at the top of the sluice and being washed down 
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the sluice with a constant and consistent waterflow so a greater proportion of the lights 
report to the tailings. 

26.3 Investment Attractiveness 

 
The alluvial deposits along the Yala River and other major rivers present an intriguing 
exploration target. The true extent of the auriferous gravels is unknown due the thick 
overbank sediments that have preserved the alluvium. 
 
The Yala River Basin is divided into three zones: the upper, middle and lower based on 
regular gauging stations at the outlet of each sub-catchment. The upper catchment falls 
in Nandi County, middle catchment falls in Kakamega and Vihiga counties of Western 
region and the lower catchment is found in Siaya County in Nyanza region (Figure 26). 
It is not surprising that gold is found in alluvial sediments in these counties where gold 
is mined from hard rock sources. 

 
Figure 20: Land Use Map of the Yala River Basin 

 
 

Clearly there is good access to the Yala River along its entire length. This access enables 
the possibility to carry out ground penetrating radar (GPR) surveys to map the alluvial 
gravel unit. Furthermore, a truck-mounted auger drill could complete some boreholes 
to support the geophysical interpretation and provide sample material to test the gold 
content.  
 
An auger sampling programme would both determine the lateral extent of the gravel 
unit and provide sample material to test the gold content. Given the limited sample 
volume, a gold processing circuit to optimize the recovery of both coarse and fine gold 
particles should be used. A rigorous sampling protocol would ensure that a high 
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confidence resource estimate was produced. 
 
Since the conditions (i.e., Tertiary domal uplift) that resulted in the erosion of gold-
bearing lithologies and deposition within the alluvial sediments along the Yala River 
drainage would exist elsewhere in Western Kenya, other river systems such as the 
Migori and Nyando (Figure 27). 
 

 
Figure 21: Major Drainage Systems in Western Kenya 
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APPENDIX 1 
Gravity Concentration Methods: 
Operating Parameters & Advantages and Disadvantages 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Sluices 
Pinched sluice type gravity separators were popular in the 1960s and 70s, primarily in the Australian minerals 
sands industry, until the advent of the new generation of spirals. The pinched sluice is basically an inclined slope, 
over which a slurry containing particles of different SG flows. Due to the gravitational and frictional forces 
occurring, and a narrowing of the sluicing deck (pinching), segregation occurs with the finer heavier particles 
migrating to the bottom of the flowing film and the lighter coarser to the top. By means of a slot (concentrate off-
take) near the end of sluice the fine heavy particles are removed from the main tailings stream, which passes 
over the slot and discharges at the end (Fig. 3). There are (or were) two types of pinched sluice. 
Variables 
Feed rate 
Water flow; 
Particle size and shape; 
Cleanup period (removal of concentrates); 
Slope angle; 
Riffles and/or carpets lining the sluice; 
Width and length of sluice; 
Pulp density; 
Arrangement of the sluices. 
Advantages 
Open for visual inspection, adjustment and cleaning 
High feed density (63% solids) so low volume-pumping requirement 
Disadvantages 
Large space requirement and unwieldy 
Low upgrade ratio (typically 3 to 1) 
Controlled feed density necessary 
Low recovery of fines 
Feed requires screening 
Low tolerance of slimes 
Multiple feed points and separating surfaces 
Require wash water for density control on cleaner stages 
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Figure 22: Schematic illustration showing mechanism of jigging with water pulses and ragging 

 
Shaking Tables 
The shaking table is another gravity separation device that has been in use for many years. Little has changed in 
the design, although multi-deck (up to three levels) tables have led to capacity increases relative to floor area. 
Shaking tables are normally used only on cleaning stages because of their low capacity. The principle of 
separation is the motion of particles according to SG and size moving in a slurry (in the case of wet tables) 
across an inclined table, which oscillates backwards and forwards essentially at right angles to the slope, in 
conjunction with riffles which hold back the particles which are closest to the deck. This motion and 
configuration cause the fine high SG particles to migrate closest to the deck and be carried along by the riffles 
to discharge uppermost from the table, while the low SG coarser particles move or remain closer to the surface 
of the slurry and ride over the riffles, discharging over the lowest edge of the table 
Variables 
Angle of deck (steeper angle less weight to concentrate) 
Length of stroke (longer the stroke, the more the sideways motion and hence more weight to concentrate up to 
a maximum) 
Frequency of stroke (similar to length i.e., the more frequent the more sideways motion up to a maximum) 
Splitter positions (the position of the splitters on the concentrate launder will determine the weight take to 
concentrate) 
Feed rate and density (above a maximum of typically 2 tph per full size table and density typically 40% solids, 
depending on the type and particle size of the feed) separation will be reduced 
Wash water (wash water is added along the top of the table to assist solids flow, maintain low solids density, 
preventing ‘‘dry spots’’, and washing slimes to tails 
Riffle height (a low riffle height will be better for fine-grained feeds and vice versa) 
Advantages 
Highly selective, with high upgrading ratio if used correctly 
Able to visually monitor separation and to adjust the cutpoint 
Disadvantages 
Low capacity, large space requirements  
Require frequent operator attention, checking and adjustment 
Size classification of feed necessary 

 
Spirals 
The spiral is basically an inclined chute with a complex cross section (Fig. 5(a)) wrapped around a central 
column. The principle is that a combination of gravitational and centrifugal forces acting upon particles of 
differing specific gravities cause fine heavies and coarse lights to segregate (Fig. 5(b)). These forces are greater 
than in the cone and, coupled with the lower slurry density normally used, produce a greater upgrade ratio than 
the sluice (typically 5 to 1) and a better recovery of fines. 
Variables 
Feed rate (as feed rate increases performance falls, however there is generally an optimum) 
Feed density (as density increases performance also falls, although very fine particles tend to be recovered 
better) 
Splitter settings (wider cuts increase concentrate recovery but reduce grade) 
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Feed sizing (optimum feed sizing is -3 mm +75 µm) 
Advantages 
Open for visual inspection, adjustment and cleaning 
High upgrade ratio means fewer stages in circuit, smaller cleaning capacity, and throw away rougher tails in 
some cases 
Able to tolerate moderate to large variations in slurry feed density 
High capacity for floor area when used as triple starts, or with large diameters 
Better slimes and oversize tolerance 
No wash water 
Disadvantages 
Multiple feed points require even distribution 

 
 
 

 
 
 

 
Figure 23: Schematic section of spiral concentrator showing heavy mineral distribution 
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Figure 24. Spiral concentrator in Urals, Russia 
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Knelson Concentrator 
 
Variables 
bowl speed 
fluidisation water flow rate 
pinch valve open time 
closed time. 
Advantages 
High concentration ratio, usually 1000-3000 times. Concentrate grade is higher, generally 1000-2000g /t. The 
recovery rate is significantly higher than that of conventional gravity separation equipment. 
Large processing capacity. The processing capacity of KC-XD70 and KC-CVD64 knelson concentrator can 
reach 300-1000T /h and 100-300T /h respectively. 
Environmentally friendly. There is no need to add any chemicals during the operation of the knelson 
concentrator. 
High operation rate, low power consumption, easy operation and management. Few operators, high 
automation degree, low daily maintenance, and low production cost. 
Small floor space. The knelson concentrator is easy to integrate into the grinding circuit configuration in the 
reconstruction, expansion and new plant. It can be set at the tailings discharge point of the dressing plant to 
recover sulfide, iron, tin, tungsten, niobium, gold, silver, monazite, rutile and other metals or minerals with a 
particle size greater than 0.02mm. 
Short separation process. The investment of knelson concentrator is less, and the return time is short, 
generally from 1 month to 1 year. 
Disadvantages 
 

 

 
Figure 2425: Knelson Semi-Continuous Gravity Concentrator 
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Figure 2526: Gold Recovery in Knelson Gravity Concentrator 
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GLOSSARY 
A 
Adit A horizontal passage from the surface into the 

mine providing access to a mineral deposit.  
Ag Silver. A metallic chemical element with the 

chemical symbol Ag (Latin: argentum, from the 
Indo-European root *arg- for "grey" or "shining") 
and atomic number 47. A soft, white, lustrous 
transition metal, it has the highest electrical 
conductivity of any element and the highest 
thermal conductivity of any metal. The metal 
occurs naturally in its pure, free form (native 
silver), as an alloy with gold and other metals, and 
in minerals such as argentite and chlorargyrite. 
Most silver is produced as a by-product of copper, 
gold, lead, and zinc refining. 

Arsenopyrite A tin-white or silver-white to steel-gray 
orthorhombic mineral: FeAsS. 

Assay A chemical test performed on a sample of ores or 
minerals to determine the amount of valuable 
metals contained. 

Au Gold. A chemical element with the symbol Au 
(from Latin: aurum "gold") and an atomic number 
of 79. Gold is a dense, soft, shiny, malleable and 
ductile metal. Pure gold has a bright yellow colour 
and luster traditionally considered attractive, 
which it maintains without oxidizing in air or 
water. Chemically, gold is a transition metal and a 
group 11 element. It is one of the least reactive 
solid chemical elements. The metal therefore 
occurs often in free elemental (native) form, as 
nuggets or grains in rocks, in veins and in alluvial 
deposits. Less commonly, it occurs in minerals as 
gold compounds, usually with tellurium.  

B  
Bulk sample A large sample of mineralized rock, frequently 

hundreds of tonnes, selected in such a manner as 
to be representative of the potential mineral 
deposit (orebody) being sampled and used to 
determine metallurgical characteristics. 

Bullion Metal formed into bars or ingots. 
By-product A secondary metal or mineral product recovered 

in the milling process 

C 
Chalcopyrite A sulphide mineral of copper and iron; the most 
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important ore mineral of copper. 
Channel sample A sample composed of pieces of vein or mineral 

deposit that have been cut out of a small trench or 
channel, usually about 10 cm wide and 2 cm deep. 

Chip sample A method of sampling a rock exposure whereby a 
regular series of small chips of rock is broken off 
along a line across the face, back or walls. 

CIM The Canadian Institute of Mining, Metallurgy and 
Petroleum. 

CIM Standards The CIM definitions and standards for mineral 
resources and mineral reserves adopted by CIM 
Council from time to time. The most recent update 
adopted by the CIM Council is effective as of 
November 27, 2010. 

Colluvial  
Concentrate A fine, powdery product of the milling process 

containing a high percentage of valuable metal. 
Contact A geological term used to describe the line or 

plane along which two different rock formations 
meet. 

Core The long cylindrical piece of rock, about an inch 
in diameter, brought to surface by diamond 
drilling. 

Core sample One or several pieces of whole or split parts of 
core selected as a sample for analysis or assay. 

Cross-cut A horizontal opening driven from a shaft and (or 
near) right angles to the strike of a vein or other 
orebody. The term is also used to signify that a 
drill hole is crossing the mineralization at or near 
right angles to it. 

Cu Copper. A chemical element with the symbol Cu 
(from Latin: cuprum) and atomic number 29. It is 
a ductile metal with very high thermal and 
electrical conductivity. Pure copper is soft and 
malleable; an exposed surface has a reddish-
orange tarnish. It is used as a conductor of heat 
and electricity, a building material, and a 
constituent of various metal alloys. 

Cut-off grade Lowest grade of mineralized rock that qualifies as 
ore grade in a given deposit and is also used as the 
lowest grade below which the mineralized rock 
currently cannot be profitably exploited. Cut-off 
grades vary between deposits depending upon the 
amenability of ore to gold extraction and upon 
costs of production. 

D 
Dacite The extrusive (volcanic) equivalent of quartz 
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diorite. 
Decline A sloping underground opening for machine 

access from level to level or from surface; also 
called a ramp. 

Development Underground work carried out for the purpose of 
accessing a mineral deposit. Includes shaft 
sinking, cross-cutting, drifting and raising. 

Dilution Rock that is, by necessity, removed along with the 
ore in the mining process, lowering the grade of 
the ore. 

Diorite An intrusive igneous rock composed chiefly of 
sodic plagioclase, hornblende, biotite or 
pyroxene. 

Dip The angle at which a vein, structure or rock bed is 
inclined from the horizontal as measured at right 
angles to the strike. 

Drift A horizontal or nearly horizontal underground 
opening driven along a vein to gain access to the 
deposit. 

E 
Eluvial  
Epithermal Hydrothermal mineral deposit formed within one 

kilometre of the earth’s surface, in the 
temperature range of 50° to 200°C. Epithermal 
deposit A mineral deposit consisting of veins and 
replacement bodies, usually in volcanic or 
sedimentary rocks, containing precious metals or, 
more rarely, base metals. 

Exploration Prospecting, sampling, mapping, diamond drilling 
and other work involved in searching for or 
defining a mineral deposit. 

F 
Face The end of a drift, cross-cut or stope in which 

work is taking place. 
Fault A break in the Earth's crust caused by tectonic 

forces which have moved the rock on one side 
with respect to the other. 

Fold Any bending or wrinkling of rock strata. 
Footwall The rock on the underside of a vein or 

mineralized (ore) structure. 
Fracture A break in the rock, the opening of which allows 

mineral-bearing solutions to enter. A "cross-
fracture" is a minor break extending at more-or-
less right angles to the direction of the principal 
fractures. 
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G 
Galena Lead sulphide, the most common ore mineral of 

lead. 
Gold Deportment describe gold- containing particles in order to 

determine the gold speciation, grain size and 
mode of occurrence (gold liberation, exposure, 
and mineral associations) as well as to generally 
characterize the mineralogical composition of the 
ore. 

Grade Term used to indicate the concentration of an 
economically desirable mineral or element in its 
host rock as a function of its relative mass. With 
gold or silver, this term may be expressed as 
grams per tonne (g/t) or ounces per tonne (opt or 
oz/t). 

Gram  0.0321507 troy ounces. 
g/t  Grams per metric tonne. 
gpt  Grams per tonne. 

H 
Hanging wall The rock on the upper side of a vein or mineral 

(ore) deposit. 
High grade Rich mineralization (ore). As a verb, it refers to 

selective mining of the best mineralization (ore) 
in a deposit. 

Host rock The rock enclosing a mineral (ore) deposit. 
Hydrothermal Processes associated with heated or superheated 

water, especially mineralization or alteration. 

I 
Indicated Mineral Resource An Indicated Mineral Resource is that part of a 

Mineral Resource for which quantity, grade or 
quality, densities, shape and physical 
characteristics, can be estimated with a level of 
confidence sufficient to allow the appropriate 
application of technical and economic 
parameters, to support mine planning and 
evaluation of the economic viability of the deposit. 
The estimate is based on detailed and reliable 
exploration and testing information gathered 
through appropriate techniques from locations 
such as outcrops, trenches, pits, workings and 
drill holes that are spaced closely enough for 
geological and grade continuity to be reasonably 
assumed. 

Inferred Mineral Resource An Inferred Mineral Resource is that part of a 
Mineral Resource for which quantity and grade or 
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quality can be estimated on the basis of geological 
evidence and limited sampling and reasonably 
assumed, but not verified, geological and grade 
continuity. The estimate is based on limited 
information and sampling gathered through 
appropriate techniques from locations such as 
outcrops, trenches, pits, workings and drill holes. 

Intrusive A body of igneous rock formed by the 
consolidation of magma intruded into other 

K 
Km Kilometre(s). Equal to 0.62 miles. 

L 
Laterite Rock type, rich in iron and aluminium is 

commonly considered to have formed in hot and 
wet tropical areas. They are developed by intense 
weathering of the underlying rocks. 

Level The horizontal openings on a working horizon in 
a mine; it is customary to work mines from a shaft, 
establishing levels at regular intervals, generally 
about 50 m or more apart. 

Limestone A bedded, sedimentary deposit consisting chiefly 
of calcium carbonate. 

Loam Loam is soil composed mostly of sand, silt, and a 
smaller amount of clay. By weight, its mineral 
composition is about 40–40–20% concentration of 
sand–silt–clay, respectively. 

M 
M Metre(s). Equal to 3.28 feet. 
Metasediment A metamorphic rock derived from the 

recrystallization of sediments under intense heat 
and pressure. 

Metavolcanics A metamorphic rock derived from the 
recrystallization of volcanic rocks under intense 
heat and pressure. 

Measured Mineral Resource A Measured Mineral Resource is that part of a 
Mineral Resource for which quantity, grade or 
quality, densities, shape, physical characteristics 
are so well established that they can be estimated 
with confidence sufficient to allow the 
appropriate application of technical and 
economic parameters, to support production 
planning and evaluation of the economic viability 
of the deposit. The estimate is based on detailed 
and reliable exploration, sampling and testing 
information gathered through appropriate 
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techniques from locations such as outcrops, 
trenches, pits, workings and drill holes that are 
spaced closely enough to confirm both geological 
and grade continuity. 

Metallurgy The science and art of separating metals and 
metallic minerals from their ores by mechanical 
and chemical processes. 

Metamorphic Affected by physical, chemical, and structural 
processes imposed by depth in the earth’s crust. 

Mill A plant in which ore is treated and metals are 
recovered or prepared for smelting; also a 
revolving drum used for the grinding of ores in 
preparation for treatment. 

Mine An excavation on or beneath the surface of the 
ground from which mineral matter of value is 
extracted. 

Mineral A naturally occurring homogeneous substance 
having definite physical properties and chemical 
composition and, if formed under favorable 
conditions, a definite crystal form. 

Mineral Claim or Concession That portion of public mineral lands which a 
party has staked or marked out in accordance 
with federal or state mining laws to acquire the 
right to explore for and exploit the minerals under 
the surface. 

Mineralization The process or processes by which mineral or 
minerals are introduced into a rock, resulting in a 
valuable or potentially valuable deposit. 

Mineral Resource A concentration or occurrence of natural, solid, 
inorganic or fossilized organic material in or on 
the earth's crust in such form and quantity and of 
such grade or quality that it has reasonable 
prospects for economic extraction. The location, 
quantity, grade, geological characteristics and 
continuity of a mineral resource are known, 
estimated or interpreted from specific geological 
evidence and knowledge. The term mineral 
resource covers mineralization and natural 
material of intrinsic economic interest which has 
been identified and estimated through 
exploration and sampling and within which 
mineral reserves may subsequently be defined by 
the consideration and application of technical, 
economic, legal, environmental, socio-economic 
and governmental factors. The phrase reasonable 
prospects for economic extraction implies a 
judgment by the Qualified Person in respect of the 
technical and economic factors likely to influence 
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the prospect of economic extraction. A mineral 
resource is an inventory of mineralization that 
under realistically assumed and justifiable 
technical and economic conditions, might become 
economically extractable. The term mineral 
resource used in this report is a Canadian mining 
term as defined in accordance with NI 43-101 – 
Standards of Disclosure for Mineral Projects 
under the guidelines set out in the Canadian 
Institute of Mining, Metallurgy and Petroleum 
(the CIM), Standards on Mineral Resource and 
Mineral Reserves Definitions and guidelines 
adopted by the CIM Council on December 11, 2005, 
and recently updated as of November 27, 2010 
(the CIM Standards). 

N 
National Instrument 43-101 Means “Canadian” National Instrument 43-101 (NI 

43-101) Standards of Disclosure for Mineral 
Projects, Form 43-101F1 and Companion Policy 
43- 101CP. NI 43-101 is a national instrument for 
the Standards of Disclosure for Mineral Projects 
within Canada. The Instrument is a codified set of 
rules and guidelines for reporting and displaying 
information related to mineral properties owned 
by, or explored by, companies which report these 
results on stock exchanges within Canada. This 
includes foreign-owned mining entities which 
trade on stock exchanges overseen by the 
Canadian Securities Administrators (CSA), even if 
they only trade on Over-The-Counter (OTC) 
derivatives or other instrumented securities. The 
NI 43-101 rules and guidelines were updated as of 
June 30, 2011.  

Net Smelter Return A payment made by a producer of metals based 
on the value of the gross metal production from 
the property, less deduction of certain limited 
costs including smelting, refining, transportation 
and insurance costs. 

O 
Orebody A term used to denote the mineralization 

contained within an economic mineral deposit. 
Orogenic orogenic deposit is a mineral deposit that was 

created during the subduction of oceanic under 
continental plate and this involves a series of 
geological processes. 

Outcrop An exposure of rock or mineral deposit that can 
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be seen on surface, that is, not covered by soil or 
water. 

Oxidation A chemical reaction caused by exposure to oxygen 
that results in a change in the chemical 
composition of a mineral. 

Ounce A measure of weight in gold and other precious 
metals, correctly troy ounces, which weigh 31.1 
grams as distinct from an imperial ounce which 
weigh 28.4 grams. 

Oz Ounce 

P 
Pb Lead. A main-group element in the carbon group 

with the symbol Pb (from Latin: plumbum) and 
atomic number 82. Lead is a soft, malleable poor 
metal. It is also counted as one of the heavy 
metals. Metallic lead has a bluish-white colour 
after being freshly cut, but it soon tarnishes to a 
dull grayish colour when exposed to air. Lead has 
a shiny chrome-silver luster when it is melted into 
a liquid. 

Pyrite A common, pale-bronze or brass-yellow, mineral. 
Pyrite has a brilliant metallic luster and has been 
mistaken for gold. Pyrite is the most widespread 
and abundant of the sulfide minerals and occurs 
in all kinds of rocks. 

Q 
Qualified Person Conforms to that definition under NI 43-101 for an 

individual: (a) to be an engineer or geoscientist 
with at least five years' experience in mineral 
exploration, mine development or operation or 
mineral project assessment, or any combination 
of these; (b) to have experience relevant to the 
subject matter of the mineral project and the 
technical report; and (c) to be a member in good 
standing of a professional association that, among 
other things, is self-regulatory, has been given 
authority by statute, admits members based on 
their qualifications and experience, requires 
compliance with professional standards of 
competence and ethics and has disciplinary 
powers to suspend or expel a member. 

R 
Ramp An inclined underground tunnel which provides 

access for exploration or a connection between 
levels of a mine. 
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Reclamation The restoration of a site after mining or 
exploration activity is completed. 

Recovery Rate A term used in process metallurgy to indicate the 
proportion of valuable material obtained in the 
processing of an ore. It is generally stated as a 
percentage of the material recovered compared to 
the total material present. 

Refining The final stage of metal production in which 
impurities are removed from the molten metal.  

Refractory ore Ore that resists the action of chemical reagents in 
the normal treatment processes and which may 
require pressure leaching or other means to effect 
the full recovery of the valuable minerals.  

S 
Saprolite Rock type that is formed in hot and wet tropical 

areas by intense and prolong chemical 
weathering of the underlying rocks. 

Shaft A vertical passageway to an underground mine 
for moving personnel, equipment, supplies and 
material including ore and waste rock. 

Shoot A concentration of mineral values; that part of a 
vein or zone carrying values of ore grade. 

Sill A term used to denote the floor of a mining level 
or drift Also, used to denote a mining level 
developed on mineralization or orebody. 

Skarn Name for the metamorphic rocks surrounding an 
igneous intrusive where it comes in contact with 
a limestone or dolostone formation. 

Sphalerite A zinc sulphide mineral; the most common ore 
mineral of zinc. 

Stockpile Broken mineralization (ore) heaped on surface, 
pending treatment or shipment. 

Stope An area in an underground mine where 
mineralization (ore) is mined. 

Strike The direction, or bearing from true north, of a 
vein or rock formation measured on a horizontal 
surface.  

Stringer A narrow vein or irregular filament of a mineral 
or minerals traversing a rock mass. 

Sulphides A group of minerals which contains sulfur and 
other metallic element such as copper and zinc. 
Gold is usually associated with sulphide 
enrichment in mineral deposits. 

T 
Tailings Material rejected from a mill after most of the 

recoverable valuable minerals have been 
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extracted. Tonne A metric ton of 1,000 kilograms 
(2,205 pounds). 

Tunnel A horizontal underground opening, open to the 
atmosphere at both ends. 

V 
Vein A fissure, fault or crack in a rock filled by minerals 

that have travelled upwards from some deep 
source. 

W 
Wall rocks Rock units on either side of a mineral deposit 

(orebody). The hanging wall and footwall rocks of 
a mineral deposit (orebody). 

Waste Unmineralized, or sometimes weakly 
mineralized, rock that is not minable at a profit. 

Z 
Zn  Zinc. From the German Zink, or spelter (which 

may also refer to zinc alloys), is a metallic 
chemical element; it has the symbol Zn and atomic 
number 30. It is the first element in group 12 of 
the periodic table. Zinc is, in some respects, 
chemically similar to magnesium, because its ion 
is of similar size and its only common oxidation 
state is +2. Zinc is the 24th most abundant element 
in the Earth's crust and has five stable isotopes. 
The most common zinc ore is sphalerite (zinc 
blende), a zinc sulfide mineral. 

Zone An area of distinct mineralization. 
 


