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Small-scale gold mining is Suriname’s main economic sector, producing about two thirds of the nation’s
gold. Despite this, the sector is only very loosely regulated and most small-scale mining activities are
informal. Surinamese miners are only a minority: the majority are Brazilian migrants, who have no right
to the land and therefore have to pay a percentage of their production for land use. This study reports the
ﬁndings of a ﬁeld mission to small-scale mines in the region of Brokopondo reservoir. We document the
technical aspects of small-scale gold mining in Suriname and contextualize this technology to social
issues to identify links with cultural, political and sociological factors. Our ﬁndings show that informality
and insecurity lead to a mine management culture that applies short-term solutions, such as cheap but
polluting and inefﬁcient technologies, and fails to produce stable, long-term mining conditions for clean,
efﬁcient technology and secure business planning. We conclude that the social context of the mining
economy in Suriname strongly interacts with the technologies employed.
© 2016 Elsevier Ltd. All rights reserved.
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1. Introduction
In Suriname, small-scale gold mining e the country’s main
economic sector e started in the 1990s in what is sometimes called
the ‘second gold rush’. The ﬁrst gold rush happened hundred of
years earlier, at the end of the 19th century, when new gold ﬁnds
attracted miners from the Caribbean, the United States and Europe
to the three Guianas (then British Guiana, Dutch Guiana (Suriname)
and French Guiana). After 1910, the production of gold waned and
after the First World War many workers moved to the bauxite industry, leaving the gold mines rather abandoned in the interior
(Buddingh’, 2012; Dijck, 2001). Starting in the 1980s, gold mining
was rediscovered. In 2011, gold mining accounted for 60% of total
export value, and this ﬁgure is still increasing (Central Bank of
Suriname, 2014). Small-scale gold miners produce about two
thirds of this gold. In 2013, the number of small-scale miners in
Suriname was estimated at 20,000 (Cremers et al., 2013), among a
population of around half a million.
Since 2004, Iamgold Corporation has run a large-scale mine
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north of Brokopondo reservoir. Newmont Mining Corporation is
about to start mining in the eastern part of the country (Nassau
mountains). To make way for the two mines, small-scale miners
were removed from the area. The Iamgold plant is close to the
Okanisi village Kofﬁekamp. Notwithstanding protests since the ﬁrst
prospection in the area in the early 1990s, the local population
never received compensation and there are still local miners
working on the concession under the constant threat of removal
(Heemskerk and Duijves, 2013; Heemskerk et al., 2014; MacKay,
2002; de Theije et al., 2014). Despite the important contribution
of large-scale mining to the national economy, small-scale mining
is far more important, because it creates jobs in other sectors, such
as transport, the production and sale of mining equipment and
basic provisions and necessities, and the services sector, which
provides many services to the population involved in the mining
business. An IMF report published in 2009 stated that small-scale
gold mining was the second largest employer in Suriname, just
after the considerable public sector (Fritz-Krockow et al., 2009).
Twelve percent of the population (60,000 people) depend on it.
Despite the size and importance of the sector, Suriname does
not have adequate legal, environmental and social frameworks for
small-scale gold mining. The mining department of the Ministry of
Natural Resources has no systems or budgets for geological
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research or engineering work. The institutions responsible for
environmental policies have not developed regulations for smallscale mining activities. Likewise, there are no organizations to
train miners in cleaner methods or to provide loans to invest in
better equipment. As a result, the small-scale gold mining sector in
Suriname is informal and depends on self-organization and
informal regulations.
Furthermore, there is a lack of detailed ﬁrst-hand information
about the mining technology and social organization in the gold
ﬁelds of Suriname. Few researchers have analysed the small-scale
gold mining sector in the country, with important early exceptions being Veiga (1997a) on the role of Brazilian miners and
importance of formalization of the sector, Heemskerk (2000) on
maroon mining at Sellakriki and Tapanahoni river, and Healy et al.
(2005) on the sector from an environmental viewpoint. More
recently, de Theije published on Brazilian migrant mining de Theije
(2007a, 2007b); de Theije and Heemskerk (2009b), as did Oliveira
(2013). De Theije has also published on border issues (2014) and,
together with Luning, on the relation with illegal mining in French
Guiana (de Theije and Luning, 2016). Heemskerk and De Theije have
published several articles on the effects of gold mining on the
maroon and indigenous population of Suriname (de Theije and
Heemskerk, 2009a, 2014, 2011).
In this paper, we present the ﬁrst results of recent research
undertaken during a ﬁeld mission to three places where intensive
small-scale mining is being carried out in the region of Brokopondo
reservoir (Fig. 1), which was built in the 1960s to produce electricity
for bauxite processing plants. We visited mines and interviewed
miners in Alemoni-Sarakriki, Balengsoula and White House/Kraboudoi. The objective of the paper is to (1) document the principal
mining technology used in small-scale gold mining in Suriname
and (2) socially contextualize this technology to identify links with
cultural, political and sociological factors. We ﬁrst describe the
social aspects of the miners community in the country, and then
explain our research approach in the ﬁeld. In the sections that
follow, we discuss the surface and the underground mining
methods. We show that the social and political situation can be
related to the chosen mining method. Our inventory and analysis

Fig. 1. Map of Suriname.

provide a foundation for considerations on the reorganization of
the sector towards cleaner production and more responsible smallscale gold mining. We provide mining jargon in Brazilian Portuguese to document the relevance of the presence of Brazilian migrants in the mining community, since the dominance of the
Brazilians means that Surinamese miners also use Brazilian terms
for the mining equipment and geology.
2. Maroon and migrant miners in Suriname: engaging legal
systems
Small-scale gold mining is only very loosely regulated in Suriname, with most activity being informal. The current gold rush
involves both local people and migrants. Suriname maroons and
Brazilian migrants dominate the artisanal gold mining population
in Suriname. Most of the gold deposits are situated in the part of the
country where the Saamaka, Okanisi (Ndjuka), Matawai, Pamaka
and Aluku peoples live, and they consider the territory to be their
homeland. Although the Suriname state does not recognize the
land claims of the maroon population (or of indigenous populations
in other parts of the country), it does tolerate the mining activities
and only seldom performs repressive actions (de Theije et al., 2014;
de Theije and Salman, 2016). There are several reasons for, ranging
from a lack of means and capacity to the economic importance of
the sector for the country and complicity of ofﬁcials in the business.
The result is an informal but nevertheless regulated organization of
small-scale gold mining that can be typiﬁed as being based on
‘engaging legal systems’ (de Theije et al., 2014), of national, tribal
and mining culture’s origins, that is characteristic of many
Amazonian gold producing countries (Kolen et al., 2013; Priester
n, 2015).
and Hentschel, 2013; Ura
Brazilian miners (garimpeiros in Brazilian Portuguese)
outnumber Surinamese miners three to one. In the goldﬁelds, the
Brazilian culture dominates both work and lifestyle. Everyone listens to Brazilian music, watches Brazilian telenovelas (soap operas)
and speaks at least a rudimentary Portuguese, and most of the
terminology used in the mining venture is Portuguese. This is also a
reﬂection of the fact that the Brazilian miners brought knowledge
and new mining techniques to Suriname. Today, the recognition of
their mining skills and their reputation as hard workers underscores their important contribution to the growth of gold mining outputs in the country since the 1990s.
Maroon and migrant miners often work together in teams,
although there are also mono-nationality work forces. Usually the
work is organized as follows: one person owns the production
equipment (pumps, hoses and, depending on the type of operation,
crushers, excavators, etc.) and a number of workers bring in their
work force teams. The owner of the operation is responsible for the
organization and all the necessary means of production, including
food for the miners and fuel for the machinery. After recovery, the
gold is divided between the partners in the process according to
pre-established shares.
Some of the Brazilian miners stay in Suriname for many years,
sometimes decades, have established ﬁrms, and can be considered
as settled in the country. Many others are part of a continuous
rotation of mine workers. Most are from the Brazilian State of
~o; others come from Para
 and other northern states like
Maranha
. They work in Suriname, but may also decide
Roraima and Amapa
to try their luck in the illegal mines of French Guiana or move on to
Guyana. It is a very ﬂexible labour force, specialized in mining and
the related service economy (de Theije and Bal, 2010).
The main problem for the small-scale miners, both Maroon and
Brazilian, is that they do not have mining permits issued by the
national mining service (GMD). Most of the country is divided into
large concessions (of up to 140,000 ha) that are issued to a handful
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of town-based businessmen and the parastatal mining company,
Grassalco. The licensing system for small-scale mining is not ﬁt for
purpose: the rules are not clear and the information is not transparent. As a result, only nine 200-ha concessions dedicated speciﬁcally to small-scale gold mining have been issued, and six of
them were issued to the same person (as of 29 December 2010). The
owners of the large concessions often do not have their own mining
operations but instead sublet to maroon or Brazilian miners, who
then pay a percentage (typically 10e15 per cent) of the production.
In some parts of the country, the owners of the large concessions
are inactive and leave the prospecting to the inhabitants of the area.
These local people then exercise the traditional rules, following the
customary rights of their family-based village organization (Healy
et al., 2005). This is the case in the three areas where we
collected data for this study.
In this situation, the maroon inhabitants of the area mine for
themselves and engage Brazilian miners in a similar way as the
large concession owners do: they can mine if they pay part of the
recovered gold to the ‘land owners’ (either the formal concession
right holders or the customary land owners). Thus, small-scale
miners, especially the Brazilian migrant miners, can only operate
if they establish an agreement with a legal or customary landlord.
This system functions well because most miners and locals consider
it fair. However, power abuses are common, typically when a garimpeiro ﬁnds a rich vein and is subsequently expelled from the
mine by the owner of the land, who then takes over the mine to
extract the gold for himself. In fact, this happened to one of the
Brazilian miners we visited in January 2016. After investing six
months of work and money, caving three tunnels in search of the
~o in Brazilian Portuguese), he ﬁnally hit on it.
main vein (or ﬁla
Immediately afterwards, the customary owner of the land broke
their agreement and conﬁscated a part of the land to start mining
there with his own equipment. The news about such situations
spreads rapidly among the Brazilian miners. The power difference
between garimpeiros and customary landowners or legal concession owners creates insecurity for those miners who do not have
formal and legal mining permits. In turn, this affects the technological development of the mining sector, as miners are afraid to
invest more than absolutely necessary in their operations, in case
they lose their investments to the whims of a local boss.
In 2011, the Suriname government established a special unit to
regulate the small-scale gold mining sector. This unit e Ordening
Goudsector Suriname (OGS), which is under the direction of the
‘national security’ division of the President’s Ofﬁce e was meant to
legalize illegal and informal activities in the mining area, and
‘restore law and order’ (OGS, 2016). The results of the work of the
unit are disappointing, as so far the formalization has not been
realized and the visibility and performance of OGS in the mining
area is zero, except in places where there are open conﬂicts between concession owners and miners, such as on the Iamgold
concession, or where inﬂuential businessmen from the capital are
involved. At the moment (September 2016), maroon miners are
again being removed from the Iamgold concession, and there has
recently been a conﬂict in Brokopondo, close to our research
location at Balengsula. In addition, the health and environmental
concerns that were to be addressed by the OGS have not received
any attention in the policy practice. As a result, in most part of the
goldﬁelds the formal and customary landowners and the informal
miners are left to themselves to organize the local mining
agreements.
3. Field investigation methods
In order to study both the main mining technology used in
small-scale gold mining in Suriname and the social, political and
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cultural elements of the activity, we combined several research
methods. Field investigation included interviews with the operators (Fig. 2-A), technical characterization by survey (Fig. 2-B),
completion of a standardized ﬁeld form, photographic documentation (Fig. 2-C). The technical standardized form is thoroughly
described in Seccatore (2014). It covers the following aspects:
∙ General information on the mine, such as location, access, and
infrastructure
∙ Geological and geotechnical synthetic survey
∙ Operational aspects of the mining activity
∙ Operational aspects of mineral processing and chemical
handling
∙ Aspects of operational health and safety
∙ Legal status of the mine and organizational aspects.
It must be highlighted that at times the ﬁeld research conditions
presented a high risk (Fig. 2-B). Those researching artisanal mining,
especially underground mining, face risks on a daily basis. The
authors undertook every task on their own initiative and never
relied on third persons to access risky areas for data gathering.
Academic research will have to deal with this aspect of ﬁeld
surveying in the future to allow safe operational conditions for ﬁeld
researchers.
The technical research was combined with a socioeconomic
survey (Finkie and Yﬂaar, 2016) and anthropological observation
and interviews. This ‘socio-tech’ research approach was developed
as a result of the dialogue between different disciplines in an
Amazon-wide project on conﬂicts related to small-scale gold
mining. The approach included a survey with questions about the
different phases in the mining process and the motivations and
rationalizations of miners, as well as the economic aspects of the
mining operations; open/semi-structured interviews on the same
issues with expert miners; and detailed documentation of technologies used in mining (Cremers, 2013). One of the main goals of
the socio-tech research was to understand why miners work the
way they do, to be able to discover how interventions may be
organized. The combination of technology and social contextual
issues also produces insight into the principal needs of the smallscale miners.
In January 2016, a team of eight people participated in the 10day mission to three areas in the gold mining provinces Brokopondo and Sipaliwini. Over 70 miners were surveyed (60 valid
survey forms), 13 semi-structured interviews and two focus-group
discussions were held, and a large collection of visual recordings
was compiled. The sites for research were selected for their
representativeness in both technical and social terms. At the sites
selected, both surface and underground operations were accessible,
and operations were conducted exclusively by Surinamese, exclusively by Brazilians or by a mixed SurinameseeBrazilian joint
venture. We also selected locations that had not been studied
before, and that were not a locus of conﬂicts with landowners from
Paramaribo or large-scale operations.
4. Surface mining operations
All the surface mining operations observed were operating in
regolith (a heterogeneous mixture of weathered, altered rock and
loose soil). Mainly two mining methods were observed at the
selected sites:
∙ Mechanical excavation and mucking. A mechanical excavator
loosens the material and transports it to a muck pile. Crushers or
sluice boxes are fed, depending on the site, from this muck pile.
The feeding of the crushers or sluice boxes can be either
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Fig. 2. Fieldwork methods. A: interview and completion of technical forms; B: inspection of the operation; C: photographic documentation.

mechanical (by the original excavator or a second one) or
manual (by operators handling a shovel). See Fig. 3 for a schematic of this mining method and Fig. 4 for a photograph of it.
∙ Hydraulic mining. An engine is connected to a double-action
pump, which provides pressing and suction actions. The pressing action feeds a water monitor with a high-pressure ﬂow of
water. An operator manoeuvres the monitor to direct the water
jet on the soil to loosen the consolidated or semi-consolidated
material. The pulp of water and loose material is then sucked
up a pipe by the suction action of the pump. The pulp is then
pumped over sluice boxes. An excavator usually removes the
overburden (generally silt and clay), exposing the material of
interest (usually sand or sandy silt) that is mined by hydraulic
means. See Fig. 5 for a schematic of this mining method and
Fig. 6 for a photograph of it.
Hydraulic mining leads to very unstable slopes. Signs of erosion
at the toe of slopes are frequent. When overburden removal does
not accompany the hydraulic excavation, the result is often
dangerous overhanging walls that are liable to collapse at any time
(Fig. 7). Pressurized ducts (pressing and suctioning) are a constant
risk in hydraulic mining. Drowning in deep water and being

crushed by collapsing slopes are also constant threats that the
operators face. Machinery accidents and falls from height are also
constant risks for workers in operations where the equipment
operators are either unskilled or unaware of risk situations (Fig. 7).
The reason the mining technique and equipment described
above is used is both puzzling and complex. It seems to be a
mixture of improvisation, tradition, personal preferences of the
miners and short-term planning. The equipment is poorly matched
in terms of size and productivity; for example, we saw a large-size
excavator working alongside a small-scale hammer mill. This results in the inefﬁcient use of the largest piece of equipment (as seen
in Fig. 4). Also, engine assembling, the coupling of engine equipment to rotating parts and the maintenance of equipment is done in
an artisanal fashion. Considering both the high amount of idle time
and the artisanal approach to mechanical equipment, it is not
possible to provide sound information regarding technical speciﬁcations or productivity rates.

5. Underground mining operations
Underground mining took place in two main geological
categories:

Fig. 3. Schematic of excavation and mucking (not to scale).

J. Seccatore, M. de Theije / Journal of Cleaner Production 144 (2017) 107e119

111

Fig. 4. Mining by excavation and mucking. All the elements of Fig. 3 are visible.

Fig. 5. Schematic of hydraulic mining. Not to scale.

∙ Consolidated soil. Regolith mainly composed of consolidated
combinations of clay, sandy clay or sandy silt. The cohesion
provided by clay allowed steep, vertical walls. Shafts were often
observed unsupported with walls as high as 12 m.
∙ Hard rock. Mainly igneous rocks. Andesite and basalt were
encountered.
~o in BrazilMiners generally call auriferous deposits ‘veins’ (ﬁla
ian Portuguese). The outcrops observed in tunnels, stopes or on the
surface appear to be of epithermal origin. The auriferous veins in

the hard rock appeared to be composed of altered quartz. The
geological control of the operation was observed according to one,
or a combination, of the following techniques:
∙ Looking for a vein upstream/uphill when gold is found in the
sediments downstream/downhill: the gold found in the lower
regions is believed have originated from erosion of primary
veins in the upper regions.
∙ Directly following a visible outcrop of a primary vein.
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Fig. 6. Hydraulic mining.

Fig. 7. Unstable slopes left by uncontrolled hydraulic mining.

∙ Digging a shaft and tunnel system at any given point suitable for
digging, with the aim (hope) of intercepting the ore body whose
outcrop is visible at some distance but is not accessible due to
property, concession or other restrictions.
∙ Dowsing, normally using a wooden stick, to determine which
area is ‘rich in gold’ (the stick is called a mentiroso in Brazilian
Portuguese, i.e. ‘liar’). Such techniques can be deﬁned as ineffective at best.
The only type of underground mining method observed was a
shaft, tunnel and stope system for narrow vein mining. A shaft is
manually excavated in regolith. At a certain depth one or more
horizontal tunnels are excavated. The majority of tunnels are also

driven into soil. Only one operation was observed excavating hard
rock. Normally the regolithebedrock contact is the end point of the
operation for the majority of the mines visited.
∙ Soil excavation. In consolidated clay, soil excavation is carried out
by ‘drilling and scaling’ (Fig. 8). An operator controls a manual
rotary-percussive electric drill. The drill bit is driven into the
consolidated soil of the tunnel face at an angle of between 45
and 70 . The operator, using the drill rod as a lever, then pulls
the drill bit towards the free face: the wedge of soil between the
drill bit and the free face is scaled and the loose material falls on
to the tunnel ﬂoor. The excavated material is put in a bucket and
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Fig. 8. Excavator at risk of falling, and posing potential risk to personnel below.

hauled by hand to the shaft, where it is pulled up to the surface
by rope.
∙ Rock excavation. Only one mining operation was observed in
hard rock. The mining method employed is open stoping along a
narrow vein. The excavation technique in this mine was the
same as soil excavation in lower shafts until contact with the
bedrock. Then, to excavate hard rock the miners use a blowtorch
(Fig. 9). A gas-fuelled blowtorch is driven directly onto the rock

ﬂoor of the stope, along the mineralized vein. The torch provides
a strong, high-pressure blue ﬂame. Due to differential dilatation
of the crystals composing the rock, cracks form and the rock
either crumbles, chalks in or breaks off in wedges. The excavated
material is then removed using a hoe to expose new, unexcavated rock. Efﬁciency is quite low and an average advance
of 1 m per day is attained. Stopes remain unsupported; no rib
pillars were observed. A schematic cross section of an

Fig. 9. ‘Drilling & scaling’ excavation. Rough section 0.8 m  2 m. Unsupported walls and roof of the tunnel are clearly visible. The marks of the scaling operations are evident on the
walls and roof. The dark circular shape on the left is the shadow of the arms of one of the authors as she took the photograph.
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Fig. 10. Blowtorch excavation.

underground artisanal mine, as observed in the ﬁeld, is shown
in Fig. 11 (see Fig. 10 for the actual underground condition).

The hauling of personnel and material is conducted through
shafts by means of a rope (Fig. 2-B). The rope is raised and lowered
by a winch; the winches are generally manual but are occasionally
motorized. Supports were occasionally observed in shafts; however, unsupported shafts are as common as supported ones. No
shaft showed any sign of protection against accidental falls. Tunnels
were also observed supported or unsupported with equal frequency. The general rule adopted is to support shafts and tunnels
only when auriferous ore is encountered. Employing supports
without striking the economically interesting ore would result in a
ﬁnancial loss, which local miners consider unfeasible. Ventilation is
provided by means of small pressing fans and pipes (Fig. 12),
although the air ﬂow becomes insufﬁcient to provide proper
ventilation beyond a certain depth. In the blowtorch mining operation areas, the structure of the mines was double-shafted (Fig. 11).
In this case, the air heated by the blowtorch triggered a natural
ventilation ﬂow, turning the higher shaft into an aspiring duct and
the lower in a pressing one. The air ﬂow provided by the fan would
be insufﬁcient even to provide a sufﬁcient oxygen ﬂow to substitute
the one consumed by the blowtorch ﬂame. Ventilation pipes are
also used as communication devices (Fig. 12).
The blowtorch excavation technique is especially inefﬁcient,
nevertheless it is the best option for artisanal miners for economic
reasons. In Suriname, only smuggled explosives are available to
artisanal miners, since only mining companies can obtain legal
authorization to purchase explosives and carry out blasting activities. Miners reported that one 100  1200 cartridge of explosive, 1
blasting cap and 1.5 m of safety fuse (3 min burning time) costs 4 g
of gold at any local shop. The explosive will be either high VOD
(velocity of detonation) dynamite if smuggled in from Guyana or
Venezuela, or low VOD emulsion if smuggled in from Brazil. While
dynamite can sometimes be worth the expense, emulsion explosive
is considered ineffective by local miners for underground work, as
it has repeatedly failed to initiate proper rock breakage in singlehole crater blasting (the only type of blasting used for tunnel
driving described by the miners). This is why explosives are rarely
employed in artisanal mining in Suriname and there is a lower

Fig. 11. Typical cross-section of an underground mine as observed in the ﬁeld. The shaft and tunnel scheme is identical for both soil and rock excavation. Only the blowtorch
excavation technique is used for hard rock portions. Not to scale.

J. Seccatore, M. de Theije / Journal of Cleaner Production 144 (2017) 107e119

115

Fig. 12. Ventilation pipe underground, also used as a communication device.

technical awareness compared to the underground artisanal mining observed elsewhere in South America (Seccatore et al., 2014).
Alternative excavation techniques such as jackhammers would
require a set of equipment such as compressors and piping that are
ﬁnancially out of the reach for artisanal operations.
Due to the lack of drilling and blasting operations in hard rock,
dust (from drilling) was very scarce and fumes (from explosives)
were absent from the tunnels. Oxygen levels, veriﬁed by comparing
the height of a ﬂame lit underground to its height on the surface,
were normal. Humidity levels, on the other hand, were extremely
high. The atmosphere was damp and merely standing underground
induced heavy sweating. In the blowtorch operation stope, the heat
was almost unbearable and estimated to be above 50 O C and
certainly beyond any threshold for safe working conditions. With
questionable wisdom, local miners drink cachaça (a Brazilian liquor) while underground to help them bear the fatigue of working
under such harsh conditions. The risk of geotechnical collapse is
constantly present, as unsupported structures are common. Fall
risk is also common, as no protection measures are provided for
shafts and stopes. Shaft structures can be a hazard during climbing
due to the possibility of bumping into wood frames and hidden
objects such as wood wedges or nails. Rope climbing cannot be
described as a safe hauling method for personnel in the ﬁrst place.

6. Mineral processing methods
Two predominant types of mineral processing systems were
observed:
∙ Crusher, sluice and copper plates. The excavated material is
crushed in a hammer crusher and then sent in pulp to ﬂow over
sluice boxes and copper plates. Sluice boxes can be covered with
carpets or metal mesh, or a combination of both. Copper plates,
depending on the cases, are either abraded with mercury to
cover them with a thin layer or not treated at all. In all cases, the
plates are later washed with a combination of soap and battery
acid and abraded with sandpaper. Abrading the copper plates as
they are oxidized releases the oxidized mercury. The plate is
later “activated” using sulfuric acid, which leaches the copper
oxides. The shiny plate is then ready to receive the next “dose” of
Hg. During the process mercury is oxidized and released with
the tailings. Combinations of sluices and copper plates vary
greatly. Fig. 13 and Fig. 14 show two examples.

∙ Simple sluice boxes. The excavated material is directly pumped
in pulp with water on to sluice boxes (Fig. 15). Sluice boxes can
be covered with carpets or metal mesh or a combination of both.
In this case Hg is not added in the sluices, it is later added to the
concentrate extracted from carpets and metal mesh.
Panning was observed as a secondary activity: miners pan the
already processed tailings during their spare time (Fig. 16) and they
are allowed to keep whatever amount of gold they can recover.
Mercury (Hg) was the main chemical encountered during
ﬁeldwork. It is introduced at various stages during the processing
phases, depending on the operation. Acid (generally car battery
acid) is employed for abrading copper plates (Fig. 18). In general, no
attention or awareness is shown regarding the use of chemicals or
their release into the environment. Hg amalgam is burnt in the
open air, usually on pans over wood ﬁres. A recent report showed
that less than 10% of the responding miners always use a retort
(Duijves and Heemskerk, 2015). A rare example of a retort is shown
in Fig. 17, observed at the underground operation. Like elsewhere,
‘(…) excessive and uncontrolled use and spillage of mercury in gold
mining is facilitated by (a) omissions in the regulatory framework,
(b) the accessibility of mercury, (c) the widespread practice of
whole ore amalgamation, (d) low mercury recycling and (e) suboptimal understanding and awareness of mercury related health
risks’ (GOMIAM, 2015). Similar results have been reported in
research across the Amazon (Kom et al., 1998; Ouboter et al., 2012;
Sousa and Veiga, 2009; Veiga, 1997b; Veiga and Baker, 2004; Vieira,
2006). During our ﬁeldwork, we only observed one retort being
used (in the same operation as the underground blowtorch mining). The owner of this operation seemed to be the only person
aware of the risks of Hg exposure.

7. Discussion
In general, all the operations observed during the ﬁeld trip were
rudimentary. The technology level was always low, as was the
technological, operational and geological awareness. As is typical of
artisanal mining, technologies, techniques and strategies appeared
to be used because they are customary or because people nearby
are using them. Nonetheless, a tendency was observed in terms of
decision making and strategic planning:
∙ In easily-recoverable ore, such as alluvial deposits in plains, the
technological level was the lowest observed, operational
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Fig. 13. Example of a crusher, sluice box and copper plate system.

Fig. 14. Another combination of crusher, sluices and copper plates. In this case, sluices are positioned before and after the section with copper plates, and are covered with carpets.
No logical reason was ever provided by the operators for preferring one particular conﬁguration over another.

planning was close to zero, and the strategic and managerial
planning was focused on the short term, with no attention to
long-term planning
∙ The more difﬁcult it is to mine the deposit (i.e. in side-hill or
underground mining), the higher the level of awareness
regarding geological issues, technological choices and strategic

planning. A sign of this is the fact that the only retort for mercury recycling (industrially made) has been observed in the
underground operation with the blowtorch, the operation with
the most difﬁcult material to excavate and at the same time the
one with the highest level of technical awareness.
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Fig. 15. Simple sluice box. The material excavated is pumped in pulp with water directly on to the sluice. A ﬂow reducer (a wooden box where the pulp pipe is directed before
ﬂowing on to the sluices) is sometimes installed upstream.

Fig. 16. Panning. A secondary activity performed in the miners’ spare time, and a method of re-processing old tailings.

The general idea is that those who choose to mine in loose alluvium need less capital and lower technical awareness, and
therefore end up conducting simpler operations led by short-term
planning, whereas those who accept the challenge of more difﬁcult
deposits require more capital and technical awareness, and therefore tend to invest more carefully and to plan on a longer term
basis.
The reasons for such a short-term outlook on the mining

activities originates in the informality and insecurity of the industry
with respect to access and rights to mining grounds, as described in
Section 2. Several aspects can be outlined:
i. The miners, being informal, have no access to loans. This
prevents them from raising funds to invest in equipment and
mine installation.
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the social context of the mining economy in Suriname strongly
interacts with and inﬂuences the technologies employed.
8. Conclusion

Fig. 17. Retort. Brand new, manufactured semi-industrially (in series) in the capital
(Paramaribo) and sold in a local shop.

This paper shows how the mining technologies used in smallscale gold mining in Suriname are deeply linked with cultural,
political and sociological factors. In Suriname, Brazilian and Surinamese artisanal miners live in the same areas, but have different
cultural and sociological backgrounds as well as different access to
legal rights, citizenship and mineral concessions. The Surinamese
are landowners as well as miners, while the Brazilians have no right
to land ownership and can only operate on Surinamese concessions. This situation creates the relationship landowneretenant
worker. This clash of conditions creates the framework that leads to
technological choices. Those in the condition of tenants operate in a
framework of insecurity: informality prevents access to loans and
certain mining products, such as explosives; moreover, since there
is no security of long-term permission to mine the land, mining and
business planning tend to be oriented towards the short-term. This
leads to investment in rudimentary technologies, precarious
structures and improvised solutions. The socio-political context of
the mining sector in Suriname inﬂuences the technologies
employed and the safety conditions of workers. Policymakers
tasked with improving conditions in the mining sector will have to
take a proactive, multidisciplinary approach that combines social,
political and technological solutions.

Fig. 18. Abrading copper plates with sandpaper, acid and soap.

ii. The miners tend not to invest time and money in assets and
operations that do not contribute directly to the production
of gold.
iii. General insecurity contributes to a mine management culture that is often inefﬁcient and fails to produce stable, longterm mining conditions and secure business planning.
Looking broadly at the whole framework, one can conclude that
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