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1. Executive Summary 
 
The planetGOLD Guyana project is funded by the Global Environment Facility, implemented 
by the GEF agency of Conservation International, and executed by the CI Guyana country 
office. 

Gravity concentration using a sluice box is the most common method to recover gold from 
the alluvial deposits, and is effective for the coarse gold particles. However, it is estimated 
that artisanal gold operators may only recover 25% to 30% of the total gold content, missing 
the fine-grained gold.  

In Guyana, only three categories of mining operation are recognized: small, medium and 
large. There is nothing in the legislation about artisanal mining ; but small-scale mining 
encompasses the labor-intensive, relatively unmechanized, typical artisanal operations. 
More importantly, mineral rights are assigned to the small-scale operators in the form of 
prospecting permits and mining licences ; so the artisanal mines are formalized within the 
overall mining sector.   

A visit to the Mahdia area, Potaro Mining District to observe the operations of an artisanal 
gold operation owned by Christopher Mining & Security Inc. (CMS) was carried out on 
October 5 – 10, 2022. Various documents were provided confirming the ownership and 
mining rights to the concession. 

 

1.1 Property Ownership 

The Christopher Mining & Security Inc. (CMS) property comprises five mining licences, Chris 
1 – 5 that are located between Carty Creek and Mahdiana Creek on mapsheet 43 NE/SE. The 
approval of the mining licences by GGMC gives legal title to the licenceholder. This property 
was one of three demonstration sites chosen by planetGOLD-Guyana to test gravity 
concentration equipment. 

The licence holder acquires the right to access the claim area within Crown Land and operate 
a small mining operation if the mining licence remains in good standing. Licences are subject 
to annual renewals including annual environmental bond payments. 
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1.2 Property Description 

The Mahdia Gold Property comprises five mineral claims, and is located approximately 
200 km south-southwest of Georgetown, the capital of Guyana. The Property comprises an 
area of approximately ~100 ha (~250 acres) and is located between the Prosperity, Carty and 
Mahdiana Creeks in Guyana’s Administrative District VIII-2 (Potaro-Siparuni) and Mining 
District 2 (Potaro). It lies within the Kaieteur 1:50,000 scale topographic map sheet 43NE/SE, 
approximately centered on latitude 580,375m Northing and longitudes 267,375m Easting 
(UTM WGS84, Zone 21N). 
 

1.3 Status of Exploration 

The nature and size of the alluvial deposits within the rainforest in Guyana makes 
exploration for gold challenging. Understanding the mass wasting and fluvial processes that 
result in the formation of alluvial deposits provide a guide to prospecting for accumulations 
of heavy minerals including gold. Most importantly the prospecting methods must be 
inexpensive for the average artisanal or small-scale miner. Hence the prospectors’ tools 
include gold pans and metal detectors to test colluvial, eluvial or alluvial sediments. Within 
the Chris mineral claims, the owner test mines new areas to determine their prospectivity 
for gold. 

The alluvial deposits are not necessarily the result of a single erosional cycle followed by 
deposition within a fluvial system. These deposits can have complex histories that are 
reflected in the population of gold grains. The gold grains will most closely match their hard 
rock sources when they are hosted in eluvial deposits proximal to the source rocks.  

Gold-bearing alluvial deposits are characterized by gravelly to cobbly units that trapped the 
gold particles in the open pore spaces. Soil geochemistry surveys can detect buried alluvial 
deposits but often auger sampling is used to collect larger samples of gravels to analyze for 
gold grains. Although the Eagle Mountain Deposit is only a few kilometers away, another 
unknown gold source is needed to explain the coarse gold particles at Mahdia. Eagle 
Mountain’s gold deportment only includes grains <75 microns. 

 

1.4 Geology and Mineralization 

The Mahdia Gold Property occurs in the northern part of the Guiana Shield, an area of 
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prominent Paleoproterozoic greenstone and tonalite-trondhjemite-granodiorite (TTG) belts. 
The Mahdia Gold Project lies near the southwestern margin of these belts. 

In orogenic gold systems such as the Eagle Mountain deposit, mineralization forms with 
generally consistent geological characteristics, which include deformed and variably 
metamorphosed host rocks; low sulphide volume; carbonate-sulphide ± sericite ± chlorite 
alteration assemblages in greenschist-facies host rocks; and a spatial association with large-
scale compressional to transpressional structures. The orogenic gold deposits normally 
consist of abundant quartz ± carbonate veins and show evidence for formation from fluids 
at supra-lithostatic pressures. These primary gold deposits are the source of gold that resides 
in the alluvial deposits. 

The alluvial gravels carry rounded to subrounded clasts of quartz diorite, amphibolite, 
sericite schist, quartz, quartzite, quartz-feldspar rich gneiss, and white quartz-bearing 
conglomerate in a sandy matrix. The degree of sphericity is generally medium to high, and 
clasts are moderately sorted. Gravel thickness ranges from 2 m to approximately 5 m. Alluvial 
gold is principally associated with coarse gravels having fragments over 2 inches (50 mm) in 
diameter. 

 

1.5 Conclusions and Recommendations 

Assuming the Mahdia Gold Project is typical for ASGM in the Potaro Mining District, the 
alluvial deposits host significant quantities of coarse gold. The use of sluices with both 
matting and steel grizzlies on the frontend of the processing flowsheet suggests that a 
significant portion of fine-grained gold particles and even coarse gold may be lost. Estimates 
project that only 25% to 30% of gold is recovered. The turbulent, high-energy flow observed 
through the sluice is not conducive to trapping the high specific gravity particles in matting 
or behind the metal mesh.   

A remote sensing investigation using the Sentinel-2 platform would provide an opportunity 
to measure the extent of alluvial mining in the Mahdia region. 

Collaboration with the GGMC would be useful to access their facilities to characterize the gold 
deportment in alluvial sediments – particle size distribution, gold shape analysis, etc. 

The coarse gold associated with the Mahdia Gold Project is interesting because the nearby 
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Eagle Mountain gold deposit hosts fine gold (i.e. 75 microns). Hence the source of the coarse 
gold remains to be identified and is an exploration target. 
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2. Introduction 

The estimated population of Guyana in 2021 is 790,000 and the current estimate of the 
number of artisanal and small-scale gold miners ranges from 19,000 to 30,000 (Delve, 2022). 
In a country that derives almost 16% of its GDP from mining, it is not surprising that roughly 
2.5% of the total population or 6.5% of the rural population is directly involved in ASGM. 
Further Guyana’s widespread gold deposits – both lode and alluvial (Figure 1) is evidence of 
its mineral potential for new discoveries.  

  
Figure 1: Guyana Exports by Commodity and Value, January to December 2017 (PACT 2017) 

On behalf of the Artisanal Gold Council, in its capacity as advisor to the planetGOLD global 
project, the writer accompanied a representative from planetGOLD-Guyana on a field visit to 
their test site near Mahdia (Mahdia Gold Project) in the Potario Mining District. The main 
objective of the visit was to observe artisanal gold mining in Guyana. 



13

 

 

 

2.1 Purpose of Report 

This report has been prepared for the Artisanal Gold Council of 633 Courtney Street, C-100, 
Victoria, British Columbia, V8W 1B9. The AGC is a Canadian non-profit organization involved 
in working directly with Artisanal and Small-scale Gold Mining communities and local 
experts to develop integrated and practical solutions that address the unique circumstances 
that exist in different locations around the world. The report was commissioned by AGC 
acting in its capacity as advisor to the planetGOLD Global project.  The purpose of this report 
is to provide a geological basis for an informed opinion as to the status and nature of 
Artisanal and Small-Scale Gold Mine (ASGM) resources in the Mahdia area, Potaro-Siparuni 
region of Guyana. 
 
 

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 on artisanal and small-scale gold mining in the 
Mahdia area, Guyana. This report examines the various aspects of artisanal mining with a 
view to the prospectivity of the alluvial deposits 

Peter Holmes is an independent qualified person (QP) as defined by Canadian Securities 
Administrators NI 43-101 and 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 
literature and information about the Mahdia alluvial gold district in Guyana.  

 

2.3 Sources of Information 

The author has reviewed geological data obtained from company reports and numerous 
papers published in scientific journals as referenced in Section 27 (References) of this report. 
The author has reviewed publicly available information from the Guyana Geology & Mines 
Commission website for 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 and other sources. 

This report is based on personal examination, by the author, of currently available reports 
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and data on the Mahdia region and ASGM operations in Guyana. The author visited Guyana 
from 3rd to 12th October 2022 to evaluate the geological environment, discuss the ASGM sector 
with various stakeholders and assess the general investment attractiveness and 
opportunities in Guyana. 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 at Mahdia on October 5-10, 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 Details of Personal Inspection 

On behalf of the Artisanal Gold Council, the writer visited the capital of Guyana, Georgetown 
and the Mahdia area which has a long history of artisanal and small-scale gold mining on 
October 3 – 13, 2022. The purpose of the visit was to observe the operations of artisanal gold 
mining in Guyana with a view to prepare a geological report about both the prospectivity of 
the alluvial deposits  
 
Day 1–03 October 2022 

Arrive at Cheddi Jagan International Airport at 19:30 from Toronto on Caribbean Airlines 
BW607 

Met at airport by Dayshawn Billingy (Conservation International) and driven to Rainforest 
B&B 
 
Day 2–04 October 2022 

Picked up by DB for meeting at CI offices to discuss preparations for visit to Mahdia and 
change currency. 

In afternoon met with CI managers, Ingrid Sarabo and Rene Edwards and DB to discuss plans 
and purpose for visit to Guyana. Stated objective was to collect information about ASGM in 
Guyana to support technical report focusing on attractiveness for investment in ASGM. Very 
positive response to purpose of visit. 
 
Day 3–05 October 2022 

Travel to Mahdia via Trans Guyana Airways departing Eugene F. Correia International 
Airport 

 

10:00 departure delayed to 14:30 and arrived via Grand Caravan 208 B at Mahdia gravel 
airstrip 15:30. 

Driver with 4X4 picked up DB and PKH at airport and transported to Roger Hinds Hotel. 
 
 
 
 
Day 4–06 October 2022 
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Travel from hotel to mining operation some 10 kms outside of Mahdia. 

Met mine owner/operator, Christopher Alphonso (Christopher Mining & Security Co) and his 
brother, Errol for tour of property (Five claims – Chris 1 to 5). Several nephews also work 
there and the company provides own security for operations and transport of gold to town 
for sales. 

Recently completed work in original area (main camp) and moved on to new area 
approximately 300m toward the mountains (i.e. Goldsource - Eagle Mountain). CA very open 
about his operation (started in 2004), typical production 1oz per day (estimated 50 tpd), no 
salary for crew but receive share of production, live on site, etc. Operating multiple sites but 
discussion limited to CI test site. 

Able to observe excavation by CAT and crew hydro-mining (alluvial material washed 
downslope) produces slurry for dredge to pump onto sluice box with matting and 4cm grizzly 
on top. Alluvial gold deposits formed from erosion off mountains (main gold belt) host coarse 
gold with nuggets up to 1cm in diameter. 
 
Day 5 – 07 October 2022 

Return to mine operation and meet with CA’s brother, Errol to ask detailed questions about 
labor/staffing, equipment, land access and general operating costs. 

Drive through Mahdia region to observe infrastructure – bridges, roads, etc. Town itself has 
power supplied by diesel generator, water sourced from mountains (most structures have 
tanks to collect rainwater), concrete main street is recent, three petrol stations, one large 
supermarket and many food vendors. 
 
Day 6–08 October 2022 

General discussion with DB about ASGM in Mahdia – GGMC involvement, operations within 
Amerindian lands, absence of women in ASGM, formalized gold sector largely controlled by 
industry groups such as Guyana Gold & Diamond Miners Association (GGDMA), etc 

Toured through town on foot to observe local police station, post office, radio station, regional 
hospital and GGMC regional office. Some photos discreetly taken away from gold buying 
shops 
 
Day 7–09 October 2022 

Depart 6am to observe wash down of sluice to recover gold at Christopher’s mining 
operation. 
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Day 8–10 October 2022 

Depart Mahdia for Georgetown via Trans Guyana Airways in afternoon. 
 
Day 9–11 October 2022 

Meetings with Guyana Geology & Mines Commission (GGMC) – Mineral Processing Unit: Mr 
Lyncoln Bandoo (Chem Eng), Ms Shemeiza Thom (Min Proc Eng), Mr Quinton Johnson (Min 
Proc Eng) and,  

Guyana Gold Board (GGB) – Ms Eondrene Thompson (General Manager). 
 
Day 10–12 October 2022 

Meetings with Guyana Environmental Protection Agency – Mining Unit, 

Guyana Gold & Diamond Miners Association: And Guyana Gold & Diamond Miners 
Association: Mr Vasquez Ramdas (Mgr-Tech Services) & William Woolford (Technical 
Consultant) 
 
Day 11 – 13 October 2022 

Depart Cheddi Jagan International Airport for Vancouver (via Toronto) at 01:30 via 
Caribbean Airlines BW606 
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3. Reliance on Other Experts 

The author has not relied on the opinion of non-qualified persons in the preparation 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 the various 
agreements between the ASGM mining group, Christopher Mining & Security Inc. and 
whomever. 
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4. Property Description and Location 
4.1 Location 

The Mahdia Gold Property comprises five mineral claims and is located approximately 200 
km south-southwest of Georgetown, the capital of Guyana, South America (Figure 2). The 
Property comprises an area of approximately ~100 ha (~250 acres) and is located between 
the Prosperity, Carty and Mahdiana Creeks in Guyana’s Administrative District VIII-2 (Potaro-
Siparuni) and in Mining District 2 (Potaro). It lies within the Kaieteur 1:50,000 scale 
topographic map sheet 43NE/SE, approximately centered on latitude 580,375m Northing and 
longitudes 267,375m Easting (UTM WGS84, Zone 21N). 

Figure 2: Location Map of Mahdia Gold Project 
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4.2 Mineral Rights in Guyana 

Mining is one of the main economic engines of Guyana and Guyana is a significant mineral 
producer and exporter. The extractive industries contribute to approximately 16 percent of 
Guyana’s Gross Domestic Product (GDP) and over 50 percent of export earnings. As reliance 
on sugar has fallen mineral exports, gold mining in particular has increased in value to 
Guyana. 

The minerals usually found in Guyana are gold, diamonds, bauxite, uranium, manganese and 
other precious and semi-precious stones and metals (Figure 3). 

Mining is predominantly done in the interior of Guyana, which can be difficult to access and 
there is a general lack of infrastructure. The State through the Guyana Geology & Mines 
Commission and Goinvest however does promote mining as a viable investment opportunity 
and works with investors to better realize investment in the industry. The domestic industry 
is largely composed of small and medium scale private miners and a few large-scale miners. 
The GGMC does not get involved in mining activities but acts a regulatory agency. 
 
Ownership of Mineral Resources 
 

The mining properties in Guyana are separated into mining districts and in those districts, 
Guyana Geology and Mines Commission (GGMC) with the approval of the Minister of Natural 
Resources designates parcels of land which are to be made available for prospecting and/or 
mining. After the designation, persons who are not prohibited can apply for a prospecting 
license (large scale mining) or a prospecting permit (medium to small scale mining) under 
sections 39 and 56 of the Mining Act 1989. Should a discovery be made, the holder can then 
apply for a mining license or mining permit respectively under section 43 of the Mining Act 
1989. 

The Mining Act of 1989 restricts the granting of mining licenses or permits to citizens of 
Guyana, or to any of the following: 
► A company within the meaning of the Guyanese Companies Act of 1991; 
► A publicly held corporation; 
► A co-operative society registered under the Co-operative Societies Act of 1948, as 

amended; 
► Any other corporate body incorporated, including a 

company established inside Guyana; 
► Any organization established by the Guyanese Government or by or under any 

written law in operation in Guyana and authorized to carry on mining operations. 

The GGMC may enter into a mineral agreement with any eligible person to grant that person  
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a license either to prospect and/or mine. Typically, for large scale operations, holders of large-
scale mining licenses would enter into a mineral agreement with the Government of Guyana. 

 
Figure 3: Mining Districts and Gold Activity in Guyana 

Foreign companies are prohibited from holding mining licenses on their own. The company 
can incorporate a local company to apply for mining claims. The other method used is to 
enter into Joint Venture Agreements with local miners. Under the Mining Act, a direct change 
of control of a corporation holding a mining license is prohibited without the prior written 
consent of the responsible government minister, which consent may be refused if the 
minister considers that the public interest will be prejudiced by such change of control 
(Denton’s 2022). 

The State plays a limited role outside of regulating mining activities through licenses and 
permits. Mineral tenures in Guyana allow for four scales of operation. 

These include: 

i. Small scale claim licenses of 460 meters by 245 meters or a river claim consisting 
of one mile of a navigable river 

ii. Prospecting Permits Medium Scale (PPMSs) and Mining Permits (MPs) covering 
between 150 to 1,200 acres each and are restricted to ownership by citizens 
(however, foreigners may enter into joint venture agreements whereby the two 



22 

 

 

parties jointly develop the property) 
iii. Prospecting Licenses covering between 500 and 12,800 acres are granted to both 

local or foreign companies 
iv. Large areas for geological surveys are granted as Permissions for geological and 

geophysical surveys with the objective of applying for Prospecting Licences over 
favorable ground 
 

Granting of Mineral Rights 
 

The licenses and permits are granted by the GGMC. However mineral agreements are usually 
between GGMC, the Minister of Natural Resources and the relevant applicant company. 

 

Mineral agreements are contracts with the Government of Guyana and the regulatory body 
GGMC, that allow their titleholders to conduct exploration and feasibility work in an area. 
 
Mineral agreements grant the right to its holder to apply for a mining license, which will 
entitle the holder to build and operate a mine. In general, under mineral agreements and the 
Mining Act, the holder of the mineral agreement is required to: 

► Obtain from the Environmental Protection Agency (EPA) an environmental 
permit for     construction and operation of a mine in the subject area; 

► File a feasibility study (at the level of detail of a PEA (Preliminary Economic 
Assessment) and include an environmental management plan) 

► Submit detailed proposals for the construction, establishment and operation of 
all facilities and services for and related to the recovery, processing, storage and 
transportation of the mineral from the proposed mining area.  

 

Security of Mineral Tenure 

Any citizen of Guyana is entitled to apply for a prospecting license or permit for a claim they 
are willing to work. The limitation on foreign ownership usually means foreign entities gain 
access to the mining industry through joint venture agreements or mineral agreements. 

The right once held are interim rights, enforceable upon the State and any other individual 
or entity. They can be freely transferred, transmitted, and encumbered by mortgages or other 
forms of collateral if formal requirements are met, which are similar to any sale of property 
in the related regulation. 

In addition, they are inherently conditional because, according to the mining law, the owner 
of the mining concession has the obligation to pay a yearly mining license fee, to the benefit  
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of the State, which is calculated based on the surface of the concession and the type of 
concession. The non-payment of the mining license fee may lead to a revocation of the license 
or a suspension. The license is a claim over the minerals in the claim and not a right to the 
land. Thus, it may be possible to have someone owning the land and another person owning 
the right to use the minerals on the land. 

In situations where there is a separate owner of the land, the parties would negotiate a means 
of compensating the owner of the land for the use of the land to explore and extract minerals. 

Property Legal Status 
 

The Christopher Mining & Security Inc property comprises five mining licences, Chris 1 – 5 
that are located between Carty Creek and Mahdiana Creek (Figure 4) on mapsheet 43 NE/SE. 
The approval of the mining licences by GGMC gives legal title to the licenceholder. This 
property was one of three demonstration sites chosen by planetGOLD-Guyana to test gravity 
concentration equipment. 
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Figure 4: Property Map showing Christopher Mining & Security Inc Mining Licences 
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Nature of Title to Property 

The licence holder acquires the right to access the claim area within Crown Land and operate 
a small mining operation if the mining licence remains in good standing. Licences are subject 
to annual renewals including annual environmental bond payments. 

 

4.3 Surface Rights in Guyana 

Most of the land in Guyana is owned by the government (i.e. Crown Land) and access to these 
lands is granted to mining licence holders for the purpose of operating and carrying out 
exploration activities to identify mineral deposits. If private land was included within the 
claim area then an access agreement would be required by the claimholder. 

 

4.4 Permitting in Guyana 

Permitting for small-scale mining is relatively simple. Once a mining licence is approved an 
environmental permit is granted. The licence holder posts an environmental bond annually 
and can proceed with mining activities – clearing forest cover, stripping overburden and 
hydro-mining the alluvial deposits. A separate permit is issued to allow the use of a dredge. 

 

4.5 Environmental 

An environmental permit is required to obtain mining license and permits. In order to obtain 
an environmental permit, an environmental impact assessment is required, which is 
followed by the preparation of an environmental management plan. Based on the plan 
submitted, the EPA can waive the need for the impact assessment however this would be 
unusual for medium to large scale mining. This plan is submitted to the GGMC for the 
issuance of the license. 
There are other permits that could be required depending on what is being done. These 
include, but are not limited to: 

► Permission from the Ministry of Public Works to construct and maintain 
roads on public land, 

► License of occupation for use of public roads from the Ministry of Public 
Works, 

► Miscellaneous permits from the EPA such as construction permits and 
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authorizations for air and noise pollution and the release of contaminants 
may be necessary. 

Protected Areas are regulated in the Protected Areas Act. However, in general mining claims 
are not awarded over areas covered as protected areas or are owned by other agencies. 
Outside of this and areas where communities are, there are no areas that are protected 
specifically from mining activities.  

Where mining activities are likely to fall within the boundaries of an Indigenous village or a 
river or stream within the boundaries of the village, permission must be obtained from the 
village in addition to complying with the other legal requirements, in accordance with 
section 48 of the Amerindian Act Cap 29:01. 

There is no government requirement to consult with communities outside of Indigenous 
communities under law where mining claims would impact said community. However, it is 
generally a good idea to maintain good relations with communities that may be impacted by 
the mining activities. 
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5. Accessibility, Climate, Local Resources, 
Infrastructure & Physiography 
 

5.1  Accessibility 

The Mahdia Gold Property alluvial deposits are located in an area near the Eagle Mountain 
project operated by Goldsource Mining (Canada) located approximately 7 km south of 
Mahdia Township (Figure 5) and 6 km south of the Mahdia airstrip. The Mahdia airstrip was 
hard surfaced in the spring of 2010 and is suitable for small commercial and charter twin-
engine passenger aircraft. Charter flights from Georgetown to Mahdia provide the quickest 
access route to the Project. 

Mahdia can be accessed by road from Georgetown in 5–7 hours (approximately 275 km). The 
road is paved from Georgetown to Linden. Access between Linden and Mabura is via a wide 
laterite road historically built by OGML and Demerara Timbers Ltd. The road between 
Linden and Mabura (121 km) is currently the subject of a major road upgrade project 
financed by UK Caribbean Infrastructure Fund, Caribbean Development Bank and the 
government of Guyana. An unpaved road from Mabura to Mahdia is narrow and locally 
steep. The Mabura/Mahdia Road is all-weather, though access can be difficult during the 
rainy seasons. From Mahdia to the mine site, the roads are winding with numerous deep 
potholes and currently traversable by 4X4 drive vehicles or ATVs. 

 

5.2 Climate 

The climate is tropical, hot, and humid, with a main rainy season in May–August and 
“Christmas” rains in November–February, separated by a short March–April dry season and 
a more consistent dry season from August to October. For Mahdia, the average monthly 
rainfall is estimated to range from 93 mm (October) to 418 mm (June), with a recorded 
maximum of nearly 700 mm for the month of June and an annual average rainfall of 2,826 
mm. An abrupt topographic break in the Eagle Mountain project area results in higher 
average rainfall than Mahdia. Temperatures are hot and vary little through the year, with 
average monthly lows ranging from 21.4°C (January) to 23.1°C (September), and average 
monthly highs between 29.6°C (January) and 31.6°C (September and October). Exploration 
and development activities may be conducted year-round at the Property; however, access 
can be more difficult during the rainy seasons. 

5.3 Local Resources 

 

There is no commercial electric power available locally outside of the town of Mahdia. An  
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abandoned hydroelectric power station is located at Tumatumari, approximately 23 km 
northeast of the mine area. This was constructed in 1957 by British Goldfields Limited and 
operated until 1959 when mining operations ceased. The Government of Guyana 
recommissioned the station in 1969 to serve local communities. This development included 
an embankment dam, a concrete overflow dam, and a two-unit powerhouse with an installed 
capacity of 1,500 kW. Several organizations have signed memorandums of understanding 
within the last 10 years to investigate the viability of refurbishing Tumatumari, but all are 
now believed to have expired. The Amaila Falls area located approximately 50 km west-
northwest of the Mahdia Gold Project has received government approvals for a 165 MW 
hydroelectric power project. Construction is scheduled to start in 2022. 

 
The small mining camp (~10 persons) constructed for Christopher Mining & Security Inc is 
supported with a small generator. 
 

5.4 Infrastructure 

Potable water is available from multiple small creeks within the Chris claims which are 
unaffected by the artisanal mining and processing.  

The nearby town of Mahdia was founded in 1884 and is the capital of the Potaro Region 8. It 
is reported to have a population of approximately 3,000 people, an increase from previous 
estimates of ~1,000 people since Mahdia was declared a township. Employment is dependent 
on local artisanal mining for gold and diamonds and mining related activities. There is a local 
hospital, regional airport, school, shops, restaurants, two gas stations, several mechanical 
shops, and two hotels/guesthouses. Diesel generators provide electrical power to the town. 
Cell phone service is provided by Digicel and GTT. Apart from the hospital and regional 
airport, the limited infrastructure available (particularly with respect to power) is typical of 
inland villages in Guyana. Supplies are partly sourced from Georgetown (mine equipment 
suppliers have local representatives) and partly from Mahdia (foodstuffs). The camp has 
limited Digicel cell-phone coverage and an established satellite link at camp provides internet 
access. The local economy of the Mahdia area is dominated by small-scale mining activity 
and a labor force familiar with artisanal mining is available to draw upon for mining 
activities. 

 

5.5 Physiography 

Small deeply incised creeks widen quickly to form alluvial flats up to 2 km wide that drain 
either to the Mahdia River and then to the Potaro River to the north, or south to the  
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Minnehaha River and then to the Konawaruk River. The alluvial gold and diamond deposits 
within both watersheds have been historically worked by artisanal miners and are still 
worked today. According to the GGMC, more than 1 Moz of gold have been produced by 
artisanal miners and recorded at GGMC since commencement of production records 
approximately 50 years ago. The area is covered by thick tropical jungle, including areas of 
historical mining dating to 1940s which have since been regrown by jungle vegetation. 
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6. History 
 

6.1 Historical Exploration Activity 

Artisanal gold mining in the Mahdia region began in the 1880’s and continues to this day 
(Figure 5) with a combination of alluvial and placer mining. Artisanal gold mining in Guyana 
began to increase around 2002 and peaked in 2012 accounting for roughly 25% of the GDP. 

The fact that the artisanal gold mining has consistently maintained its annual production 
levels for over 100 years suggests that it is sustainable in the long term. Periodically large 
orogenic gold systems are discovered such as Omai (3.7M oz), Aurora (~8M oz) and Toroparu 
(~10M oz). Unquestionably there is a relationship between the alluvial workings and large-
scale gold deposits. Some 60,000 oz of gold were recovered from placer deposits near Omai 
between 1886 and 1896, suggesting that a proximal primary source of gold was nearby. 
 

 
 
Figure 5: Artisanal Gold Production, 1990 – 2014 

 
 

6.2 Gold Production in the Mahdia Region 

Mineral extraction has been an important feature of the Guyanese economy over the last two 
centuries. Through the colonial period exploitation of minerals occurred on various scales, 
with gold, manganese and bauxite all mined in different locations and time-periods, on both 
large and small scales. The mining industry has, however, been historically dominated by 
small-scale operators focusing on the extraction of gold from alluvial sediments through 
placer mining, and to a lesser extent the small-scale mining of diamonds. These activities  
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grew in importance in wake of the abolition of slavery with the emergence of the so-called 
‘porkknockers’. These itinerant workers move around the remote forested areas in the 
interior of the country in search of gold. 

This model of mining has broadly continued post-independence with only minor deviations 
(Table 1). Today, the mining sector is a key component of the Guyanese economy, accounting 
for ~15% of GDP value-added and 65% of exports (Guyana Bureau of Statistics, 2018). The 
sector is still dominated by small and medium scale, domestically owned, gold mining 
operations, focusing on alluvial gold extraction. There are two medium-to-large-scale gold 
mines operating under foreign ownership, and a large gold mining operation at Omai did 
operate between 1993 and 2006, but over two-thirds of current production is still from small 
and medium operators (Guyana Geology and Mines Commission, 2015). Mahdia gold mining 
in Potaro has shown an increase in production to match the Mazaruni and Cuyuni Mining 
Districts. 
 
 
 

Table 1: Annual Gold Production in Guyana’s Mining Districts, 2006 -2013 
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7. Geological Setting and Mineralization 
 

7.1  Regional Geology 

The Mahdia Gold Project occurs in the northern part of the Guiana Shield, an area of 
prominent Paleoproterozoic greenstone and tonalite-trondhjemite-granodiorite (TTG) belts. 
The Mahdia Gold Project lies near the southwestern margin of these belts that are shown as 
red and green in Figure 6. 

 
Figure 6: Geological Map of the Guiana Shield (Voicu 1999) 

The greenstone-TTG belts are generally attributed to the Trans-Amazonian Orogeny. The 
orogeny records the convergence and eventual collision between the Archean nuclei of the  
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Amazonian Craton and the West African Craton, thought to have occurred between 2.2 Ga 
and 1.9 Ga (Kroonenberg et al., 2016). The belts share close similarities with the more widely 
explored Birimian of the West African Shield, where numerous >2 Moz gold deposits are 
known in Senegal, Mali, Guinea, Ivory Coast, Ghana, and Burkina Faso. 

Within the greenstone-TTG terrain, a series of major northwest-southeast striking, sinistral 
shear zones within a 75–100 km wide belt developed during Trans-Amazonian orogenesis 
(Voicu et al., 2001). These structures are spatially associated with many known gold deposits 
in Guyana (e.g., Voicu et al., 1999; Bassoo and Murphy, 2018). The Mahdia Gold Project lies 
between two of these structures, the Makapa-Kuribrong Shear Zone (MKSZ) and Issano-
Appaparu Shear Zone (IASZ). It is possible that the nearby Eagle Mountain deposit is 
associated with another of these regional structures. 

  



34 

 

 

 

8. Mahdia Property Geology 

The bedrock geology of Mahdia Gold Property is largely unknown as the mining claims would 
have been completely forested prior to commencement of operations. Since the gold is hosted 
in the alluvial deposits, there is little or no interest in the bedrock lithologies. The 
unconsolidated alluvial sediments overlie saprolite (Figure 7) which is soft enough to be 
excavated into channels for the washing or dredging activities. 
 

 
Figure 7: Saprolite at Mahdia Gold Property;  Artisanal Gold Council 
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9. Deposit Types 

The main style of gold mineralization in the Mahdia region is related to a series of tabular, 
shallow southwest-dipping, brittle-ductile composite shear zones within a granodiorite 
intrusion (e.g., Eagle Mountain deposit), or within upright breccia structures within mafic 
volcanics and altered granitoids (e.g., Salbora deposit). Gold mineralization is associated with 
silicification and with chloritic ± pyritic alteration. Alteration and sulphide mineralization 
within the tabular structures is interpreted to be syn-deformational, and the similarity of 
alteration types at Eagle Mountain and Salbora suggest that they are part of a single 
mineralized system. Both the Eagle Mountain and Salbora deposits are an orogenic-type gold 
system, also known as lode-gold deposits or (in the case of Archean and Paleoproterozoic 
deposits), greenstone gold deposits. Orogenic gold deposits typically form in metamorphic 
rocks in the mid to shallow crustal levels (5–15 km depth), at or above the brittle-ductile 
transition, in compressional settings that facilitate transfer of hot gold-bearing fluids from 
deeper levels (Tomkins, 2013). These deposits likely form in accretionary and collisional 
orogens (Groves et al., 1998), and hence the term “orogenic” is used. Orogenic gold deposits 
have formed for more than three billion years of Earth’s history, episodically during the 
Middle Archean to younger Precambrian, and continuously throughout the Phanerozoic 
(Goldfarb et al., 2001). They contribute significantly to global gold production, and recognized 
production and resources from economic Phanerozoic orogenic-gold deposits are estimated 
at just over one billion ounces of gold (including placer accumulations associated with this 
deposit type), with known Precambrian gold concentrations are about half this amount 
(excluding Witwatersrand ores – Goldfarb et al., 2001). There are many orogenic gold 
deposits globally that could be considered comparable to Eagle Mountain, including, several 
located in Guyana that are currently in production or under development (e.g., the Karouni 
gold deposit – Tedeschi et al., 2018; the 9-Mile deposit – Bassoo and Murphy, 2018; and Omai 
deposit – Voicu et al., 1999). 

 

9.1 Mineralization Styles 

 

In orogenic gold systems such as Eagle Mountain, mineralization forms with generally 
consistent geological characteristics, which include deformed and variably metamorphosed 
host rocks; low sulphide volume; carbonate-sulphide ± sericite ± chlorite alteration 
assemblages in greenschist-facies host rocks; and a spatial association with large-scale 
compressional to transpressional structures. The orogenic gold deposits normally consist of 
abundant quartz ± carbonate veins and show evidence for formation from fluids at supra-
lithostatic pressures (Figure 8). The mineralized lodes formed over a uniquely broad range 
of upper to mid-crustal pressures and temperatures, between about 200–650°C and 1–5 kbar.  
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Within the host volcano-sedimentary sequences at the province scale, world-class orogenic 
gold deposits are commonly located in second-order structures adjacent to crustal-scale 
faults and shear zones. 
 
 

 
Figure 8: Schematic profile indicating the relationship between primary and secondary gold deposits in the 
Guiana Shield 

9.2 Conceptual Models 

In Phanerozoic orogenic gold systems, mineralization forms in subduction-related tectonic 
settings in accretionary to collisional orogenic belts, from metamorphic fluids derived either 
from metamorphism of intra-basinal rock sequences or de-volatilization of a subducted 
sediment wedge (Figure 9), during a change from a compressional to transpressional stress 
regime (Groves et al., 2018). Although Archean and Paleoproterozoic crustal tectonics and 
subduction may have differed in scale and duration, similar metamorphic and intrusive 
processes drove orogenic gold mineralization in greenstone belts. Orogenic gold deposits are 
structurally controlled and typically located adjacent to second-order structures related to 
district-scale jogs in crustal-scale faults. These jogs or bends are commonly the site of arrays 
of cross-faults that accommodate the bending of the more rigid components (e.g., volcanic 
rocks and intrusive sills) of the host belts. 
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Figure 9: Formation of Orogenic Deposits 

 
Weathering and Oxidation 

Saprolite is the chemical weathering product of the underlying bedrock that has decomposed 
in place and generally retains the rock’s original structure and is especially characteristic of 
tropical lateritic weathering profiles. The saprolite consists of soft clay to sandy particles, 
depending on the rock type being weathered and the amount of quartz present. Both the 
Eagle Mountain and Salbora deposits are affected by weathering that results in a typical 
saprolite depth of 10–30 m and rarely to a maximum depth of 76 m from surface. Saprolite 
transitions to fresh rock across a variable horizon typically 1–3 m thick. The vertical and 
lateral variability within the laterite profile at Eagle Mountain has not been clearly defined. 
No ferruginous zone has been described and the upper part of the laterite profile may have 
been removed by erosion. Saprolite and transition material is mineralized and 
unmineralized. Gold mineralization within the saprolite at the Eagle Mountain deposit 
occurs where mineralized zones reach shallow depths or outcrop. Mineralized saprolite is 
derived from mineralized sheared granodiorite and consists of clay-rich material with very 
fine-grained disseminated gold. There is no evidence for gold remobilization or enrichment 
in the supergene environment. 

Alluvial Stratigraphy 

The alluvium stratigraphic column is a gradational sequence consisting of basal coarse 
gravels followed by, or intercalated with, medium gravels and fine gravels, succeeded by 
sands and clays, and overburden. The sequence represents the gradual diminishing of 
sediment load in a fluvial environment. The alluvium was deposited over a hard, compacted 
clay (false bedrock), considered to be the top of the Tertiary basement. Overburden is 
composed of fine materials, principally mud and clays, characterized by smooth sticky 
texture and brown and grey colors. Overburden thickness varies from 6 m to 16 m locally. 
The gravels carry rounded to subrounded clasts of quartz diorite, amphibolite, sericite schist, 
quartz, quartzite, quartz-feldspar rich gneiss, and white quartz-bearing conglomerate in a 
sandy matrix. The degree of sphericity is generally medium to high, and clasts are moderately 
sorted. Gravel thickness ranges from 2 m to approximately 10 m. Alluvial gold is principally 
associated with coarse gravels having fragments over 2 in. (50 mm) in diameter. 
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Fluvial flow regime is the primary geologic control on alluvial gold deposition. The 
dominance of fine gold grain sizes indicates a low-gradient system consistent with an 
interpretation of Tertiary paleochannels within flood plain gravels. Typical resistate heavy 
minerals in black sands include magnetite, ilmenite, titanomagnetite, zircon, monazite, 
chromite, and rutile. 

Placers can be found in virtually any area where gold occurs in hard rock (lode) deposits. The 
gold is released by weathering and stream action, carried by gravity and hydraulic action to 
favorable points of deposition, and concentrated in the process. Usually, the gold does not 
travel far from the source, so knowledge of the location of the lode deposits is useful. Gold 
can also be associated with copper deposits and may form placers in the vicinity of copper 
deposits, although this occurs infrequently. 

Geological events such as uplift and subsidence may cause prolonged and repeated cycles of 
erosion and concentration, and where these processes occurred deposits may be enriched. 
Ancient river channels and certain river bench deposits are examples of gold-bearing gravels 
that have been subjected to a number of such events, followed by at least partial concealment 
or burial by other deposits (Figure 10). Residual placer deposits formed in the immediate 
vicinity of the source rocks are usually not the most productive although exceptions occur 
where the veins supplying the gold were unusually rich. Reworking of gold-bearing materials 
by fluvial processes leads to the concentrations necessary for exploitation. Textural studies 
have suggested in-situ growth/coarsening of gold particles as gold is remobilized under 
varying pH and reducing/oxidizing conditions. 

Gold–rich rims are a near ubiquitous feature of placer gold particles, and understanding their 
origins is of great importance because they could potentially represent evidence for the 
widespread addition of gold to pre-existing alloy (Figure 11). Rims usually comprise two 
distinct components, both formed in the surficial environment. The inner feature comprises 
an Ag depleted zone, normally to c 20 µm maximum depth (occasionally to 100 μm), whose 
geometry is broadly sympathetic to the particle edge. Inner rims result from Ag removal, not 
Au addition. The outer rim feature comprises micron-sized overgrowths of pure gold on the 
inner rim substrate, whose origins may be biogenic or chemical. Conflation of these two 
separate features has encouraged acceptance of a biogenically-driven process for gold 
particle augmentation, ultimately leading to either nugget genesis or complete 
transformation of pre-existing gold particles (Chapman et al 2021). 
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No gold grain studies have been undertaken in the Mahdia area to examine the potential 
for augmentation of gold rims on particles.  

Figure 10: Schematic section of tropical soil profile A – Topsoil with organics, B – Laterite (regolith), C – Saprolite 
on unweathered bedrock 

 

 
Figure 11: Examples of external and internal features of placer gold particles. Black and white scale bars are 
1mm intervals. (a)-(c) examples of progressive physical modification of gold particles associated with transport 
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in the  

 

fluvial environment. (d)-(f) Placer gold nuggets with minerals attached: (d) Nugget with silver coating of Bi 
telluride. (e) Rough gold particle with attachment of quartz. (f) Nugget of gold (29 wt % Ag) exhibiting triangular 
crystal faces, with coating of Pb-As-bearing secondary minerals. (g-j) internal heterogeneity within placer gold 
particles revealed in BSE images (g) Homogeneous Au-Ag particle core surrounded by continuous Au rim. (h)-(j) 
Examples of mineral inclusions in placer gold particles. (h) Pyrite inclusions, with Fe oxide pseudomorph after 
pyrite at gold particle edge. (i) Molybdenite inclusion, within pure gold alloy, eluvial deposit. (j) Galena inclusion 
deformed sympathetic to gold particle flattening. (Chapman et al 2021) 

Because gold is relatively heavy, it tends to be found close to bedrock, unless intercepted by 
layers of clay or compacted silts, and it often works its way into cracks in the bedrock itself. 
Where the surface of the bedrock is highly irregular, the distribution of gold will be spotty, 
but a natural riffle-like surface favors accumulation. Gold will collect at the head or foot of a 
point bar or on curves of streams where the current is slowed or where the stream gradient 
is reduced. Pockets behind boulders or other obstructions and even moss-covered sections of 
banks can be places of deposition. Best results usually come from materials taken just above 
bedrock. The black sands that accumulate with gold are an excellent indicator of where to 
look. 

It should be kept in mind that each year a certain amount of gold is washed down and 
redeposited during the spring runoffs, so it can be productive to rework some deposits 
periodically. This applies chiefly to the near-surface materials such as those deposited on the 
stream bars or in sharp depressions in the channels. The upstream ends of stream bars are 
particularly good places for such deposits. Where high water has washed across the surface 
by the shortest route, as across the inside of a bend, enrichment often occurs. 

A riffle-like surface here will enhance the possibility of gold concentration.  

In prospecting areas with a history of mining, try to find places where mechanized mining 
had to stop because of an inability to follow and mine erratic portions of rich pay streaks 
without great dilution from non-paying material. Smaller scale selective mining may still be 
practical here if a miner is diligent. 
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10.    Exploration 

Unquestionably artisanal and small-scale miners are skilled prospectors as they can discover 
new deposits or additional reserves for their existing operations. 

Traditionally understanding the regional geology and structure are the keys 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). With limited resources, artisanal miners in Guyana employ metal detectors 
to identify areas with near surface accumulations of gold or other heavy metallic minerals 
like magnetite. 
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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). 

Lateritization of the primary gold system results in (i) wide mushroom shaped, low-grade 
dispersal halo consisting of fine-grained supergene (secondary) gold particles spreading 
laterally away from the primary deposit, (ii) supergene gold enrichment (higher grades than 
primary system) directly above the water table, along the base of the laterite horizon, and 
(iii) gold-bearing gossan development after sulphide-rich gold stockwork (Voormeij, 2021). 
 

Mineral Prospectivity for Gold 

For decades, the Guiana Shield has been seen as highly attractive for mining and 
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exploration companies (Figure 13), with exploration expenditures in the year 1998 being the 
highest of any South American country. However, the increased investment in exploration 
has not led to any large mines coming on stream after 2009. While several discoveries have 
been made, such as Eagle Mountain and Toroparu, a higher gold price will be required to 
bring these deposits into production. The maturity of the Guyana gold belt and technical 
challenges to prospect in the dense rainforest also require 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 orogenic gold mineral systems of similar setting and style to Omai may 
have been overlooked by prospectors and artisanal miners who have tended to focus on the 
more common alluvial deposits. 

 
Figure 13: Main gold deposits of the northern Guiana Shield in Rhyacian supracrustal sequences. More than 100 
Moz of endowment has been defined from 14 sites (source Troy Resources, modified after Voicu et al. 2001) 

 
Prospecting for Alluvial Gold Deposits 

The nature and size of the alluvial deposits within the rainforest in Guyana makes 
exploration for gold challenging. Understanding the mass wasting and fluvial processes that  



44 

 

 

 

result in the formation of alluvial deposits provide a guide to prospecting for accumulations 
of heavy minerals including gold (Figure 14). Most importantly the prospecting methods must 
be inexpensive for the average artisanal or small-scale miner. Hence the prospectors’ tools 
include gold pans and metal detectors to test colluvial, eluvial or alluvial sediments. 

 
Figure 14: Black, fine-grained heavy mineral unit associated with gold-bearing alluvial sediments; Photo  
Artisanal Gold Council, 2022 

The alluvial deposits are not necessarily the result of a single erosional cycle followed by 
deposition within a fluvial system. These deposits can have complex histories that are 
reflected in the population of gold grains. The gold grains will most closely match their hard 
rock sources when they are hosted in eluvial deposits proximal to the source rocks.  

Gold-bearing alluvial deposits are characterized by gravelly to cobbly units that trapped the 
gold particles in the open pore spaces. Soil geochemistry surveys can detect buried alluvial 
deposits (Figure 15) but often auger sampling is used to collect larger samples of gravels to 
analyze for gold grains. 
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Figure 15: Idealized regolith profile with locations for soil geochemistry field surveys (Voormeij 2021) 

A conceptual model for alluvial deposits (Figure 16) shows in a simplified schematic diagram 
the range of features such as the size, morphology and chemistry of the gold grains that are 
used to explore for primary and secondary sources of gold. Although most of the gold mining 
in Guyana is small-scale and focused on alluvial deposits, the detrital gold particles can 
provide information about primary sources and regional mineralizing systems. 

 

 
Figure 16: Conceptual Exploration Model for Alluvial Gold Deposits 

Gold grains undergo changes to their shape and chemistry when they are released from their 
host rocks. When the gold grains are initially released they tend to be irregularly shaped and 
flat-faced but through fluvial transport they become flattened and can show striations 
(Figure 17). 
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However, within the supergene environment, the gold particles can “grow” as the conditions 
for remobilization of gold are met (e.g. low pH). 

 
Figure 17: Gold recycling history in paleoplacers. (a) Schematic recycling pathways. (b) Angular nugget 
incorporated into a Pleistocene paleoplacer with recycled flakes. (c) Nugget and flake coexisting in a Cretaceous 
paleoplacer. (d) Micron-scale gold cementation of host sediment in Cretaceous paleoplacer. 

Geophysical prospecting for alluvial gold deposits can be effective to resolve the different 
units within the alluvial stratigraphy. Geophysical methods that have been applied to alluvial 
deposits include ground-penetrating radar (GPR) sensing, electric profiling, electric sounding 
and micro-magnetometric surveys. The cost of these surveys and forest cover makes 
geophysical prospecting impractical for ASGM. However high-resolution aeromagnetic 
surveys have been effective in identifying buried Tertiary drainage courses based on the 
heavy mineral accumulations (largely magnetite). Hence many regional airborne magnetic 
surveys may be useful to detect paleo-drainage courses that could host detrital gold. 
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11.   Drilling 

No drilling has occurred within the current property. 
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12.    Sample Preparation, Analyses and Security 

No samples of the alluvial material that were being mined and processed were collected by 
the author for this report. 
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13.    Data Verification – planetGOLD Activities 

Actual production data for individual artisanal and small-scale mining operations is not 
publicly available from either the Guyana Geology and Mines Commission or the Guyana 
Gold Board. 

planetGOLD-Guyana provided the following reports and information to the Artisanal Gold 
Council prior to the writer’s visit to the Mahdia Gold Project: 

1/ Mahdia Prospecting Sample Database, 

2/ Sample Grade Map, 

3/ Five Daily Processing/Mill Reports for March – July 2021, 

4/ GGMC Particle Size Distribution and Gold Assay Results, 

5/ Topsoil Prospecting Report, 

6/ Final Sampling Report. 

A site visit to the project area forms a normal part of the technical reporting process to verify 
and validate any interpretations, conclusions and recommendations made by participants in 
the project. Unfortunately, pG’s fieldwork was not active when the writer visited Mahdia so 
no sampling or processing using the pG treatment plant (i.e. trommel, three Gold Kacha 
Concentrators, jaw crusher and a Gemeni shaker table) were observed (Figure 18). 
 

 
Figure 18: Gold Kacha Concentrators at Mahdia Project 
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Prospecting Sampling 
 
The Mahdia prospecting sample database lists borehole numbers, samples, sample/borehole 
locations (GPS coordinates with elevation), sample depths and gold grades (gpt). Gold results 
for 141 samples are recorded of which 15 are listed as chip samples collected at the surface. 
Gold results are also listed for 69 boreholes with material collected at different depths 
(maximum depth 21 ft – 6.4 m). The database is lacking geological context and analytical 
methodology to interpret the gold results.  
 
There is no geological description of the individual samples collected from boreholes, original 
sample weights are not recorded, the sample protocol for material collected at different 
depths in boreholes is unknown and the analytical method for gold recovery is unknown. 
 
The samples were collected from four (Figure 19) target areas – “raw land”, old pit, 6” work 
ground and wall facing using two grids and a sample fence with two lines. A key observation 
is that the latter three target areas would comprise disturbed material – possibly tailings. A 
total of 78 samples were reported with detectable gold from 0.01 to 5.52 gpt. Although there 
are four apparent groupings of anomalous samples from 2 to 4 positive sites, without a 
geological context it is only reasonable to conclude that sample area hosts some residual gold. 
As disturbed ground and potentially tailings, the results present qualitative evidence of the 
inefficiency of previous mining to recover the gold. 
 

 
Figure 19: Location Map showing Areas of Interest 

 
Bulk Sampling and Processing 
Five daily treatment reports from March to July 2021, including monthly summary figures 
were provided to the writer. No other supporting documentation was provided. The 
processing results list gold recoveries from sluice boxes and gold in feed solids after sluice  
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box. Monthly gold recoveries from sluice boxes ranged from 31.3% (April) to 46.1% (March). 
These results are consistent with recoveries typically reported for sluice boxes (Table 2). 
 
 
Table 2: Bulk Processing and Gold Recovery 

 March April May June July Totals 
Wet Head Feed (tonnes) 134 172 158 156 91 711 
Moisture content (%) 3.0 3.0 6.7 8.2 5.9 - 
Dry Head Feed (tonnes) 130 167 147 143 86 673 
Gold recovered in sluice (g) 63.24 44.62 47.20 45.36 33.84 234.26 
Gold in sluice tails (g) 86.58 68.19 86.74 66.89 55.02 363.42 
Total gold recovered (g) 149.82 112.81 133.94 112.25 88.86 597.68 
Percent recovery (%) 42.2 39.6 35.2 40.4 38.1 39.2 

 
A total of 673 dry tons of material was processed through the sluice box from March to mid-
July. The average monthly moisture content in ore samples ranged from 3.0% (March/April) 
to 8.2% (June). No information was provided about how the sample weights were measured 
or the moisture contents were calculated. 
 
Monthly gold recoveries from the sluice box ranged from 44.62g (April) to 63.24g (March) and 
totaled 234.26g (7.5 troy oz) for the six months. A daily calculated mill feed grade was 
recorded which was used to project the weight of gold to be recovered from the daily 
processing. However as expected gold recoveries varied significantly around this figure.  
 
GGMC Particle Size Distribution and Gold Assays 
  
In June 2021, two specimens, CI 1 and CI 2 were submitted to the GGMC laboratory for sample 
preparation – crushing and milling, particle size distribution and gold assay by Actlabs 
(Guyana). No other information describing these samples, or their location was provided. 
 
The particle size analysis for sample CI 2 (233.05g) showed that 0.048 mg of gold was 
recovered in the +53-150 microns size range. No gold was recovered from sample CI 1 
(239.13g). 
 
The two samples were subdivided into three aliquots for gold assay. Sample CI 1 showed very 
consistent results with 0.096, 0.092 and 0.092 g/t gold grades. Sample CI 2 had highly variable 
results with 0.219, 1.703 and 125.09 g/t. The analytical results present a good example of the 
“nugget effect” associated with gold and serve to emphasize that sample support sizes, 
rigorous sampling methods and QA/QC protocols to ensure meaningful results are used. 
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Prospecting and Sampling Reports 
  
Two short reports were provided to support the prospect sampling: Top Soil Prospecting  
 
Report of Mining Block A-545/000 and Final Report of Mining Block A-545/000.  The topsoil 
report appears to be an interim report listing 27 samples describing the material as either 
rock (10) or clay/loose soil (17) and gold results in gpt. Four examples of panned concentrates 
of clay/loose soil samples from an auger or flush drill (?) were presented including photos. 
 
The final report describes the various horizons within the soil profile: topsoil, grading, loam, 
laterite and mineralized clay (or hard bottom). The main areas of interest are the old pit, 6” 
work ground and 6” tails wall face. The north facing wall in the old pit is projected to host the 
north-trending, gold-bearing vein which is projected to extend into the “raw” area. 
 
Comments 
 
The bulk sample results are interesting because the material was initially processed by the 
artisanal miners through their sluice box set-up (D Billingly, pers. comm.). Essentially, the 
feed for the pG bulk sample was tailings material demonstrating that as believed, there was 
a significant amount of gold that passed through the sluice. 

The positive results for the prospecting samples that were collected in the Old Pit, 6” Work 
ground and 6” tails wall face are interesting because these areas were previously mined. 
Hence the disturbed ground was shown to still be prospective for gold. The raw area of 
undisturbed alluvium was also prospective for gold mining.  

The reported gold-bearing quartz veins are primary targets for the source of the alluvial 
deposits. If possible, these quartz veins should be described, mapped and sampled to assess 
their gold potential. These veins would also be a local source gold in the alluvial deposits. 

In most artisanal mining areas around the world, it is a challenge to evaluate the head grades 
of the various deposits that are mined. The Mahdia Gold Project is no different but using 
more modern technology it is assumed that recovery efficiency was improved. Although the 
operating parameters of the various pieces of equipment were not provided to the writer, 
the gold results provide a minimum baseline for recovery. Hence a reasonable estimate of 
the gold content would be 2 gpt. 
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14. Mineral Processing and Metallurgical Testing 

In Guyana, the main method of mining alluvial gold is, and has been, by using wooden or 
metal sluices normally 5 to 20ft long by 2 to 8ft wide accompanied by 4” or 6” dredges 
consisting of small engines with water and gravel sections. These are not high recovery 
systems. Studies completed by the GGMC over the past several years have reportedly 
averaged the recovery rate of these sluice systems at generally between 30% to 40%. In 
addition, sluices generally only recover gold above 100 mesh in an effective manner. Below 
100 mesh the recovery rates for gold can fall below 5%. 

In recent years, a few larger alluvial mining operators have implemented wash plants and 
concentrators (Sepro/iCON systems) and these have shown to improve recovery rates up to 
85%. With these systems much more of the finer gold content of - 200 mesh can be recovered. 

Wash plants are more expensive as a capital cost, as well as to prepare for onsite alluvial 
mining, but they are far more efficient with their higher recovery rates. Also, less labor is 
required as the entire system is substantially more mechanized. These modern state of the 
art wash plants, and /or Knelson concentrator systems and flow sheet designs, enable alluvial 
mining of up to 20 hours per a day per plant compared to 10 hours per day which is more 
common for a traditional dredge or sluice system. 
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15. Mineral Resource Estimates 

Mineral resource estimates require data on the distribution of the commodity of interest be 
it gold or some other metallic mineral within the ore deposit. Drilling is usually required to 
delineate the boundaries and thickness of the various lithologic units that comprise the 
orebody. In the absence of drilling and trenching or analysis of ore samples, no mineral 
resource estimates are possible. 
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16. Mineral Reserve Estimates 

In the absence of drilling and controls on mining or sampling, no mineral reserve estimates 
are possible. 
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17. Mining Methods 

The artisanal mining of gold ore in Guyana is a relatively simple process because the gold is 
hosted in alluvial deposits. The extraction of the gold-bearing alluvium is an earthmoving 
exercise where the forest cover is cleared, and barren topsoil is striped off to expose the 
auriferous cobbly to gravelly sediments overlying saprolite (Figure 19). 

In Mahdia, the stripping of overburden requires the removal of 1 to 3 meters of fine-grained 
sediments to access the payable unit.  Once the alluvial sediments are exposed then they are 
washed with high pressure hoses to create a slurry that runs downhill within a channel cut 
into the soft saprolite. The crew manually removes cobbles and organic material from the 
slurry as it flows toward the dredge pump (unscreened). The dredge man moves the nozzle 
collecting the sediments in the slurry and also removes any roots or branches within the 
flowing slurry. 

 
Figure 1819: Artisanal Gold Mining in Mahdia, Guyana;  

The slurry is pumped into a 200 L steel drum (Figure 20) where the turbulent, high-pressure 
flow from the dredge settles slightly allowing the unsized and unwashed feed to drop onto 
the top of the sluice passing through the double deck sluice box. The base of the sluice is lined 
with matting and held in place with a steel mesh (4 cm opening) grizzly.  The process of 
feeding the sluice continues for approximately five days when the sluice is cleaned out to 
recover the gold and other heavy minerals. 
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Figure 1920: Sluice Set-up;  

The clean out of the sluice is a simple process where the matting is removed from the sluice 
and shaken into a small tank of water (Figure 21) to release all the trapped particles. Once 
the matting is considered to be free of all the particles, the tank is decanted, and the sediment 
is placed into a 20-liter pail.  

The tank is refilled with water, a gold pan is placed on the bottom and the material is then 
screened (Figure 22) During the screening, organic material (small roots) is discarded and 
the oversize (i.e. +1.0mm fraction) is visually examined for coarse gold. Two to three gold 
particles were found after each screening. 

While the screen was being examined, the senior person in the crew would pan (locally called 
spinning the bottle) the material that passed through the screen onto the gold pan until the 
lights were removed leaving the visible gold and black heavy minerals (Figure 23).  
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Figure 2021: Clean out of the Sluice;  
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Figure 2122: Screening the Sluice Concentrate;  

 
Figure 2223: Coarse gold recovery by panning sluice concentrates;  
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18. Project Infrastructure 

The remote locations of most ASGM in Guyana dictate that mining operations must be fully 
self-sufficient for power generation and housing for workers. Once a road is constructed into 
a mine area, minimal maintenance leaves rutted spur roads suitable for ATVs or 4-wheel 
drive vehicles to transport supplies. 
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19. Environmental Studies, Permitting and Social 
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 result in worse 
outcomes in an unregulated situation. 

It is useful to examine the interplay of the interests of the various stakeholders (Figure 29) to 
understand their motivations and identify opportunities for cooperation and interaction. 

 

(Barreto et al 2018) 
Figure 2324: Relational Stakeholder Map 

With formalization comes legalization 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 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.  



62 

 

 

 

Exploration and mining assets require valuations to secure funding or financial aid to 
improve and expand their mining operations. 

Competition between large-scale mining houses and artisanal or small-scale mining 
operations is to be expected. Because the ASGM and LSM are interested in the same 
commodity there is a natural competition for access to the same areas considered prospective 
for gold deposits. Because the large-scale mining houses operate within a well-defined legal 
framework they enjoy a measure of security in ground acquisition, exploration activities and 
ultimately resource development.  
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20. Capital and Operating Costs 

A dataset collected from the GGMC on the output and cost of 133 miners, the average cost per 
ounce of gold for production period 2013–14 based on different dredge sizes was calculated 
and presented in Table 3 below. Dredge size is positively related to both variable and fixed 
costs. This is not surprising, since the capital costs (or rental) are higher for larger operations. 
The key variable costs such as wages and fuel are also understandably higher for larger 
dredges, which require more workers and consume larger quantities of fuel (Pasha et al. 
2017). 
Table 3: Impact of Dredge Diameter on Production Costs 

Dredge Size Fixed per oz Variable per 
oz Total per oz Contribution margin 

per oz 
Break-even unit 

(oz) 

2” USD $273.53 USD $166.48 USD $440.01 USD $1,037.14 0.26 

4” USD $394.28 USD $280.97 USD $675.25 USD $922.66 0.51 

5” USD $595.36 USD $700.00 USD $1,295.36 USD $503.63 1.18 

6” USD $707.25 USD $722.78 USD $1,430.03 USD $480.85 1.45 

Notes: Contribution margin = Selling Price – Variable Cost per unit. Break-Even Units = Fixed 
Cost per unit/Contribution Margin per unit. (Modified after Pasha et al. 2017) 
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21. Economic Analysis 
Although an economic analysis of the ASGM in Guyana is beyond the scope of this report, the 
impact of the ASGM on the Guyanese economy is clear in terms of both employment and GDP. 

Financial support for ASGM in Guyana is difficult for small-scale miners to access. Despite 
the importance of mining on the Guyana economy, domestic operators face a significant 
challenge to secure funding from commercial banks (Figure 31). Over the period, 2004 to 
2013, bank lending and advances increased from 1% to roughly 5.5% as a total of all loans 
and advances to businesses. 

Providing loans to small-scale gold miners to expand operations through the purchase of new 
equipment presents some obstacles for lenders. If the miner defaults on the repayment of the 
loan then the bank has few options to recover any portion of the funds. The remote locations 
of most gold mining operations are difficult to access to seize assets like generators, 
excavators or processing equipment. The transportation cost from the interior of Guyana is 
very high due to the distances from the capital, Georgetown and may exceed the value of the 
used equipment. 

 
Figure 2425: Financial Support for Mining in Guyana 
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The absence of mineral reserve estimates for gold properties also hinders investment 
because of the uncertainty in the life of mine. Without any data on the grade variation or 
volume of payable ore, the risk averse lending institutions choose to invest in lower risk 
ventures. 
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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. 
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23. Interpretation and Conclusions 

Assuming the Mahdia Gold Project is typical for ASGM in the Potaro Mining District, the 
alluvial deposits host significant quantities of coarse gold. The use of sluices with both 
matting and steel grizzlies on the frontend of the processing flowsheet suggests that a 
significant portion of fine-grained gold particles and even coarse gold may be lost. Estimates 
project that only 25% to 30% of gold is recovered. The turbulent, high-energy flow observed 
through the sluice is not conducive to trapping the high SG particles in matting or behind the 
metal mesh.   

Gravity concentration separates heavy minerals from lights based on their density or SG but 
also based on particle size. While sluice boxes may be suitable for coarse gold grains, a 
secondary technique of gravity concentration is appropriate for fine-grained gold to increase 
the amount of gold recovered. 

The coarse gold grains were recovered using low-cost methods starting with sluice boxes and 
final recoveries were made by panning and using mercury amalgams. Mechanization can be 
seen in the use of excavators for clearing forest cover and stripping overburden to access the 
alluvial material. Land dredges are used to pump a slurry of the coarse alluvium into the 
dropbox at the top of the sluice. The sluice offers the least expensive, lowest maintenance 
option to concentrate gold with a high-volume feed rate. Unfortunately, most fine gold 
particles will pass through the sluice and report to the tailings.  

The prospecting methods used by small-scale miners have proved effective in identifying 
additional areas with gold-bearing alluvium. Artisanal and small-scale miners are frequently 
the pathfinders for larger gold deposits (Figure 32). The gold grains within the alluvial 
sediments are direct indicators from their primary sources of gold mineralization (orogenic 
deposits). 
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Figure 2526: Schematic Indicator Mineral Dispersion through Time 

ASGM would be required to invest in additional gravity concentration equipment to optimize 
the gold recovery from alluvial deposits. The direct benefit to mine operators would be 
increased revenue and the GGB would see increased sales. 
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24. Recommendations 

The two-stage processing circuit could be more consistently utilized to recover coarse gold 
and fine gold particles and the sluice adjusted to produce a greater volume of concentrate. 
Further study of the effect of size classification on gold recovery efficiency would be useful 
beyond the limited testing to date.  

Using gold production data from GGMC and the GGB, plots of annual gold production for each 
mining district (large-scale map) noting geological context would be useful for regional 
exploration purposes. The distribution of secondary gold deposits could be beneficial to 
identify large mineral/gold systems. 

Because the gold in alluvial deposits was derived from primary sources, LSM would benefit 
from greater interaction with ASGM because they have the technology to explore deeper and 
of course, mining on a larger scale. Perhaps the small-scale miners should be regarded more 
like junior explorers and cooperation agreements could be developed to the benefit of both 
parties. 

A remote sensing investigation using the Sentinel-2 platform would provide an opportunity 
to measure the extent of alluvial mining in the Mahdia region. 

Collaboration with the GGMC would be useful to access their facilities to characterize the gold 
deportment in alluvial sediments – geological context, deposit type, particle size distribution, 
gold shape analysis, etc. 
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APPENDIX 1 
Characteristics of Alluvial and Eluvial Gold Dispersion 

 
 Alluvial Gold Eluvial Gold 
Relationship to 
primary source 
of gold 

Fine gold and small nuggets Can 
be transported many kilometers 
from source of gold. 
Can be ancient alluvial gold 
deposits in ground lifted high 
above current stream levels. 

Large nuggets may be closer 
to primary gold source. 

 

Mode of gold 
transport 

Fluvial transport through 
gullies, streams, creeks and 
rivers 

Released from the 
primary source by 
erosion/weathering and 
transported downslope 
by gravity. 
Close proximity to gold 
source if the source has 
not been dispersed. 

Gold 
Characteristics 

Rounded edges, small 
nuggets, flakes or gold dust 
Larger nuggets closer to 
the source in upper 
reaches of river or creek 
Finer gold further from the 
source or in lower reaches 
of river 
Largest nuggets deposited 
in coarse sediment and 
finer gold in sandy parts of 
the sediment. 
Can occur with heavy 
minerals such as magnetite 

Angular irregular 
shaped nuggets. 
Generally gold nuggets 
larger near the source 
and smaller further 
down the slope 
Often Specimen gold is 
found (Specimen gold 
still has the host rock 
attached.) 
 

Deposition of 
gold 

Caused by a change in 
velocity or direction of 
water flow, such as; 
1/ Inside bends in the river 
(i.e., point bars) 
2/ Large boulders in the 
water flow 
3/ Flow velocity decreases 
where drainage widens 
into pools, an estuary or 
lake 
4/ Fissures, holes or natural 
traps in the stream 
 

Moved by gravity or 
rockslides as the 
primary gold source 
erodes. 
Deposited due to a 
change of hill gradient 
such as; 
1/ A depression in the 
hillside. 
2/ Base of the hill 
prevents further 
movement 
3/ Natural rock barrier 
prevents movement. 

Prospecting 
for secondary 
gold deposits 

The high SG of gold means 
it is transported at the base 
of currents and will be 
deposited by changes in 
current velocity. Places to 
prospect for alluvial gold in 

 Look at low hills, 
rises and flats adjacent 
to gold producing areas 
such as gold mines on 
hillsides. 
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stream or riverbeds are 
listed below. 
The most prospective sites 
for gold accumulation are 
where there is a decrease 
in flow velocity or change 
in direction. 
 Find the direction of 
flow then prospect on and 
around the inside bend of 
the steam or riverbank 
 Gold travels in the 
line of least resistance so 
look downstream to the 
next sharp inside bend and 
prospect in a straight line 
to that bend. 
 Along that line look 
at the stream bed, look for 
obstructions such as hard 
rock dykes across the flow 
or boulders. If so, focus on 
these areas. 
 If there are fissures, 
holes or natural HM traps 
in the stream scrape out all 
the material in those sites. 
 Examine the 
overburden in all these 
heavy mineral traps right 
down to bedrock, then 
scrape out the fissures and 
holes in the bedrock. 
 Even if the bedrock 
in the stream is bare 
granite or other igneous 
rock check it for fissures 
 Look for holes, even 
those filled with cemented 
rubble and check these 
thoroughly down to 
bedrock. 
 Coarse sediment and 
gravel deposits could hold 
larger gold nuggets, even if 
the deposit is not on the 
bedrock, it could still 
contain small nuggets 
 Identify paleo-
drainage and prospect 
there using these 
guidelines. 

 Prospect laterite 
profiles that have 
developed over bedrock. 
 Look at the base 
of hills where there is 
quartz rubble. 
 Search on 
hillsides where there is 
a natural barrier such as 
a quartz vein or a dyke. 
 Follow the path 
down the hill from your 
gold find or the 
historical evidence and 
up the hill to try to find 
more nuggets or even 
the primary gold source. 
 Look for changes 
of vegetation on 
hillsides to see if there is 
deeper ground there 
where material has 
been deposited in a 
depression. 
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 Paleo-drainage 
courses could have been 
covered by volcanic flows 
or uplifted by earth 
movement and be found on 
the tops or sides of hills. 
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APPENDIX 2 
Gravity Concentration Methods 

Variables, 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 grains 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. 
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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Conventional Jigs 
There are many variations of a conventional jig; Examples are the Denver or the 
Russell. This consists of two parallel feed boxes each of which discharges into 
two sets of cells arranged in series. The feed slurry flows over the two hutches 
where it is subjected to the forces described above. The high specific gravity 
(SG)/coarse grains pass through the ragging and screens into the hutches where 
they are removed as an underflow concentrate (Figure 1), while the remainder 
of slurry discharges into an overflow launder as tailings 
Variables 
 Pulse rate (increased rate causes greater bed dilation and concentrate weight take, 
up to a maximum value, but increases mechanical stress) 
 Stroke length (longer stroke increases concentrate weight, but also mechanical 
stress) 
 Hutch water (required to maintain uniform bed fluidisation in conjunction with 
the above, but will wash fine heavies to tails if excessive) 
 Ragging (the type of ragging, its SG, particle size, and shape will have an influence 
on the separation) 
 Bed depth and ragging screen aperture 
Advantages 
 Able to recover coarse particles, thus reducing grinding requirements for hard 
rock ores, and excessive slimes generation 
 Open visual and physical inspection possible with many adjustments 
Disadvantages 
 Operation an ‘‘art’’, largely based on experience, and is subjective 
 Ragging screen requires periodic cleaning to prevent blinding and build-up of 
coarse heavies 
 Not suitable for recovery of fine material 
 Use a lot of water 

 

 
Figure 1. – Schematic illustration showing mechanism of jigging with water pulses and 
ragging 
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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 (Figure 2). 
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 (like 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 (pulp density), 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 cut point 
Disadvantages 
 Low capacity, large space requirements  
 Require frequent operator attention, checking and adjustment 
 Size classification of feed necessary 
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Figure 2. Shaker Table Set-Up 
 

Spirals 
The spiral is basically an inclined chute with a complex cross section (Figure 3) 
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 (Figure 4). These forces 
are greater than in the cone and, coupled with the lower slurry density normally 
used, produce a greater upgrade ratio than the pinched 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) 
 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 
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Figure 3. – Schematic section of spiral concentrator showing heavy mineral distribution 
 

 
Figure 4 - Gold Spiral Concentrator in Urals, Russia 
 
 
 
 
 

Knelson Concentrator 
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Variables 
 bowl speed 
 fluidization 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 (Figure 5). 
 Large processing capacity. The processing capacity of KC-XD70 and KC-CVD64 
Knelson concentrator can reach 300-1000T /hr and 100-300T /hr, 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 (Figure 6). 
 Short separation process. The investment of Knelson concentrator is less, and the 
payback time is short, generally from 1 month to 1 year. 
Disadvantages 
 High cost for artisanal miners 

 

 
Figure 5 – Knelson Semi-Continuous Gravity Concentrator 
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Figure 6. Gold Recovery in Knelson Gravity Concentrator  
 
Size Classification 
 
The importance of size classification in gravity concentration cannot be underestimated. 
Gravity concentration techniques are based primarily on SG or density contrasts but 
grainsize also plays a role. Coarse grains are also preferentially concentrated so ideally 
oversize material can be removed by screening. Other important benefits of screening are to 
reduce the amount of material to be processed and disaggregating material that may be held 
together by clayey constituents to release gold particles (Figure 7). 
 
Size classification can be achieved by a variety of equipment from Sweco screeners to 
trommel screens but usually has a requirement for abundant water. Sizing for gold recovery 
typically focuses on the very fine size fraction -3mm. This sizing can be handled by shaker 
tables. 
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Figure 7. Wet Screen Trommel  
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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 color 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 statistically representative of the potential mineral deposit 
(orebody) being sampled and used to determine metallurgical characteristics. 

Bullion  Metal formed into bars or ingots. 

By-product  Secondary metal or mineral product recovered in the recovery process 

C 
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Chalcopyrite A sulphide mineral of copper and iron; the most 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  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  Material which accumulates at the base of a steep slope. 

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 45mm 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  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 specific 
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 
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amenability of ore to gold extraction and upon costs of production. 

D 

Dacite  The extrusive (volcanic) equivalent of quartz diorite. 

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

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

E 

Eluvial  Geological deposits and soils that are derived by in situ weathering or 
weathering plus gravitational movement or accumulation.  

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. 
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Fault   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. 

G 

Galena  Lead sulphide, the most common ore mineral of lead. 

Gold Deportment Describe gold-containing particles 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. 
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I 

Indicated Mineral Resource 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 That part of a Mineral Resource for which quantity and 
grade or 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 aluminum is commonly considered to have 
formed in hot and wet tropical areas by intense weathering of the underlying rocks. 

Level   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  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 
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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 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 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   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  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 
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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 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  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 
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processes. 

Outcrop  An exposure of rock or mineral deposit that can 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  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. 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  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   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   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  Metamorphic rocks surrounding an igneous intrusive where it comes in 
contact with a limestone or dolostone formation. 

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

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

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

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

Stringer  Narrow vein or irregular filament of a mineral or minerals traversing a 
rock mass. 
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Sulphides  Group of minerals which contains sulfur and other metallic elements 
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 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   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. 
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