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ABSTRACT

This paper identifies the intersecting technical and social factors that have fueled a history of conflict between artisanal and small-scale mining (ASM) and large-scale
mining, and more recently, their potential coexistence, in Marmato, Colombia. At Marmato, a vertically zoned ore body and corresponding vertically stacked land
claims have in part fueled tensions between ASM and large-scale mining. These same characteristics have also given rise to a scenario which could facilitate the
coexistence of both parties. The case of Marmato has implications for policy and decision-making around relations between ASM and large-scale mining elsewhere,
notably: 1) how a politicization of natural hazards can exacerbate existing asymmetries in power, wealth, and risk; 2) some deposit types such as epithermal veins
may be particularly suited to coexistence, but site-specific characteristics determine whether the technically feasible mining methods could facilitate or preclude
coexistence; 3) how equity is central to successful coexistence; and 4) how approaches such as contract mining will need to integrate social and technical

considerations.

1. Introduction

Marmato, Colombia is the location of one of the oldest active gold
mining sites in South America (Table 1), and the site is a test case for
modern interactions between artisanal and small-scale mining (ASM)’
and large-scale mining. The deposit being mined is located on Cerro El
Burro, on the eastern flank of Colombia’s Cordillera Occidental,
Department of Caldas, approximately 120 km south of Medellin (Fig. 1).
The mining in this area dates back to at least 500 B.C., when the
indigenous Quimbaya people worked as miners and goldsmiths (Red-
wood, 2009). Marmato has been mined nearly continuously since the
1500s (SRK, 2017), the deposit itself is specifically mentioned in reports
from the first European colonization of Colombia (Morales, 1995;
Restrepo, 1952). The name comes from “marmaja,” which is a historic
Spanish term for pyrite. Marmato played a major role in history in the
1820s, when Simén Bolivar borrowed against the mines to obtain British
funding for Colombia’s war of independence from Spain (Gallego and
Giraldo, 1984). Marmato has seen episodic conflict between parties
representing foreign and local mining interests since at least the early
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20th century (Robayo, 2012).

Today, the veins found at the highest elevations of Cerro El Burro are
exploited by hundreds of active small-scale underground workings, in a
zone designated for ASM in 1954 by National Decree 2223. The middle
elevations of the mountain were designated for medium-scale mining,
which has occurred episodically below the town since the early 19th
century. Since 1993, the medium-scale Colombian company Mineros
Nacionales S.A. has been producing about 22,000 ounces of gold
annually from the Maruja mine in that zone, also referred to by in-
terviewees as La Palma.

Various large-scale mining companies have explored Marmato since
1995; this has been the underlying cause of over two decades of tension
between small-scale and large-scale mining parties. The Marmato lo-
cality is naturally prone to landslides, which have been exacerbated by
small-scale mining activity. In 2006, the large-scale mining company
Colombia Goldfields co-opted this geological hazard as an impetus to
resettle the community away from the proposed open pit site. Although
the company socialized their proposed project with local leaders and
authorities, conflicting ideas about land ownership fueled tensions

1 In this paper, we follow the convention in the literature by using artisanal and small-scale mining (ASM) as an umbrella term that encompasses various scales of
labor-intensive mining operations that largely take place informally with minimal technologies (Hilson and Maconachie, 2019). Many countries distinguish between
artisanal and small-scale operations by the quantity of minerals produced, the land area that is being mined, and the technologies employed. In Colombia, the miners
at Marmato are technically classified as small-scale operators; however, they also fall under the traditional miner classification. This is examined later in this paper.
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which they can prevent large-scale multinational companies from
exploiting the Zona Alta (Lopera Mesa, 2015). The deeper ‘“Zona Baja” is
essentially equivalent to the lower portions of the geological Upper Zone
where the veins do not outcrop. It also encompasses the Deeps Zone
which is characterized by disseminated mineralization. The legal
designation of the Zona Baja continues infinitely to depth. In Marmato
proper, the upper limit of the Zona Baja is defined by the road, which
varies from 1207 to 1298 m elevation. Outside Marmato, the Zona Baja’s
upper limit extends to the land surface. This means that in the area
around Marmato, near-surface mineralization would not be reserved for
small-scale exploitation. In addition to the different types of land des-
ignations, mining activities in Marmato are also governed by the state’s
legal and regulatory framework.

4.3. Legal and regulatory framework for traditional mining

All mineral resources in Colombia legally belong to the state.
Formalized mining in Colombia is administered by the Ministerio de
Minas y Energia (Ministry of Mines and Energy) and overseen by the
Agencia Nacional de Mineria (National Mining Agency). The state grants
concessions on a single 30-year contract which covers exploration, mine
construction, and mineral exploitation; this contract is renewable for an
additional 30 years. During the exploration and construction stages,
concession owners are required to pay annual taxes based on the land
area. There are royalties but no annual tax during exploitation. For gold
and silver mines, the state collects a royalty of 4% of the gross value at
the mine mouth (Ernst and Young, 2017). An environmental impact
assessment is required thirty days before the end of the exploration
stage, an environmental impact statement is required in advance of
construction, and an environmental license and annual environmental
insurance policy must be carried during mining.

The National Mining Code of 2001 defined categories of small-,
medium- and large-scale mining based on annual production (Table 2).
Operators at all scales are obligated to adhere to the same requirements
for securing and retaining their concessions, including environmental
permitting. This legal and regulatory framework makes it difficult for
small-scale miners to become formalized, and only 7% of the total
registered mining units in the country are formal (Veiga and Marshall,
2019). Relative to large-scale companies, small-scale miners do not have
the resources to conduct environmental impact studies, manage the
health and safety or environmental impacts of their work, or apply for
permits. In Colombia, there is a trend towards privatization of formal-
ization, wherein large-scale companies help with the logistics of
formalizing small-scale miners who are operating on or near their con-
cessions. This is the case in Segovia and Buriticd, where the companies
allow contract mining by formalized collectives of small-scale miners.
Both projects have been marred by disputes between ASM and
large-scale mining (Section 9.3).

The National Mining Code of 2001 also established categories of
traditional operations and traditional mining. Traditional operations were
defined as activities conducted by individuals, groups, or associations
native to the area who have been mining continuously or discontinu-
ously since before the code was enacted (Mining and Energy Ministry of
Colombia, 2015) and where these activities are the only source of
minerals in the region (Colombian Congress, 2001). It is usually the
main livelihood in these areas, as well as a significant source of the
minerals supplied by the region. Traditional mining is subject to the

Table 2
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formalization process outlined in the Mining Code. The Mining Code
directs the mining authority to define areas where traditional mining is
taking place and prioritize granting of mining titles to the representative
community and/or associations. These groups are then supposed to
continue the process of becoming formalized. The inclusion of tradi-
tional mining in the Mining Code is important in Marmato because it
mirrors the miners’ claims that they are mineros tradicionales or “tradi-
tional miners” with specific rights to the land (Rochlin, 2018).

In addition to recognizing traditional mining, the Mining Code of
2001 decreased state ownership and limited state influence over mining
activities. As a result, the region saw an influx of multinational mining
companies in the early 2000s. With these changes, the small-scale
miners in Marmato were often treated as illegal and felt that their
traditional rights to mine Cerro Burro were not protected by law. Of the
approximately 500 small-scale mines operating in Marmato in 2019,
only 122 had legal mining titles according to the Catastro Minero
Colombiano, the entity that maintains information on mining in
Colombia. The miners formed an Asociacion de Mineros Tradicionales de
Marmato in order to advocate for their rights. However, they have not
been officially recognized as traditional miners by the State and still lack
the title to the land and the legal right to mine at Marmato. As one of the
miners interviewed for this study explained: “... the Colombian State
went from being protective to a persecuting State that makes legislation
to put small miners to jail. They make laws so that we remain in a legal
limbo and cannot obtain guarantees to work.”

5. Small-scale mining

This section documents the characteristics of the ASM community
and the practices of modern ASM at Marmato, drawing from interviews
(Table 3), site visits, and publicly available data. The geological and
legal frameworks intersect with the social context to drive the particu-
larities of ASM, as well as its interactions with large-scale mining.

The current population of Marmato is approximately 9,000,
including 4,000 to 5,000 miners and their families. Some families have
been there since before colonial times, and others have migrated to
Marmato more recently from the Pacific coast and other towns in
Antioquia. The region is characterized by a mix of ethnic groups,
including approximately 54% Afro Colombians and 20% Indigenous
peoples. The ASM miners operate about 500 mines and 100 processing
plants in Marmato (Colombia Plural, 2018). Up to 90% of the commu-
nity is economically dependent on gold (Rochlin, 2015a: 740).

The town still thrives despite the fact that the old town center has
been mostly abandoned since the 2006 landslides. There are several
schools, a library, and a prominent Catholic church. Outside the church
there is a statue of Santa Barbara, who is the patron saint of miners and
users of explosives. There is also a cultural center that explains the area’s
mining heritage. Outside the cultural center, the long history of conflict
between local and foreign mining is exemplified by a mural depicting
the legend of La Bruja de las Minas (the witch of the mines). The legend
comes from a 1938 novel by Colombian author Gregorio Sanchez, who
tells a story set in Marmato in the 1920s. In the story, an English mining
company takes over the small-scale operations with the help of military
force. A woman is murdered, and she becomes a witch who haunts the
foreigners and protects the local miners.

In Marmato, the small-scale mines and processing facilities are
operated by individuals, collectives, and corporations. Most of the

Classification of gold mining activities in Colombia. “Traditional” mining is not included here because it is not characterized by tonnes or m*/year. Adapted from

Mining and Energy Ministry of Colombia (2015).

SMALL MEDIUM LARGE
Underground Surface Underground Surface Underground Surface
Ore production from precious metal ~ Up to 15,000 Up to 250,000 >15,000 to 300,000 >250,000 to >300,000 Tonnes/  >1,300,000 m>/
deposits (Au, Ag, Pt) Tonnes/Year m®/Year Tonnes/Year 1,300,000 m>/Year Year Year
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Summary of ASM interview questions and responses relevant to this study.

What was your profession prior to
mining?

School =3
Mining = 2
Farming =2

I Services = 1

Do you work with family or

friends?
Alone=1

How long have you worked in
mining?
Where did you learn to mine?

Do you work in a mining team?

What type of practices have
improved your performance?
Solution oriented = 1
Do you have better payment in
mining than other sectors?

Do you feel supported by the
ommunity?

Do you feel supported by the
Government?

Do you feel supported by the
large-scale company?

Very little = 2

Friends = 4

Family =3

Between 1 and 9 years =5

More than 10 years =3

In amining company = 6

With traditional miners = 2

Yes=7

Improved technique = 4

Identify risks = 3

Yes=4
Enough =4

Yes=8

miners interviewed in this study learned to mine by working for Mineros
Nacionales S.A. or its large-scale mining owners (Table 3). Despite the
knowledge they gained from mining companies, all of the miners
interviewed for this study stated that they did not feel supported by the
large-scale mining companies that have had a presence in Marmato
(Table 3). Several interviewees emphasized the equitable structure of
ASM operations, and many now work in teams with friends and family
members. One miner interviewed for this study contrasted the ASM
approach to his perception of large-scale mining in Marmato.

There are around 4000 miners, and the vast majority of them work as
independents. They have their business inside the mines and
participate in the production. The design of the system is [that] we
all work, we all distribute the gains and losses equally. Unlike the
company ... [where] I work as a donkey and [the company] take all
the profits; you [the company] take all the products, you [the com-
pany] take the development.

This miner explains the perceived benefits of working as an “inde-
pendent,” rather than for a company. He indicates that there is a certain
degree of fairness built into working with local teams, as well as eco-
nomic and development benefits. Resonant with the concept of equity
that appears to be central to ASM, the concepts of risk and profit are also
approached collaboratively at Marmato, with the greatest risk being
personal safety.

How is participation in the business? Everything is managed based
on equitable terms: we all invest, we all start equally, no matter if he
has the compressor or has the mill; I [the miner] am also putting the
most valuable thing which is the work and the risk of being inside the
mine, so we have to distribute equally. So in those cases the worker
inside the mine has an advantage over the one outside because here
the risk is taken very seriously.

Interviewees also highlighted the importance of mining as both a
tradition and a source of opportunity: “... the miner sticks to both the
mining tradition and his work, his mill and his mine because not only
[does it] mean economic well-being but it means quality of life and
opportunities to share with his family,” and “I have learned many things

about mining, especially the social sense of mining; not only the
resource but also the culture and the risks.”

The small-scale miners in Marmato see themselves and the broader
community as deeply integrated, in part because of the economic re-
lationships between mining and other activities, and in part because of
the cultural tradition which has evolved around mining (cf. Toledo
Orozco and Veiga, 2018 in Tambogrande, Peru; Cortés-McPherson, 2019
in Madre de Dios, Peru). All of the miners interviewed stated that they
felt supported by the community (Table 3), demonstrating the mean-
ingful role of mining in Marmato.

[We miners feel the support of the community in Marmato] in the
protective sense that the miners have about their leaders, which is
expressed in respect ... if you defend the [small-scale] miners, you
are a hero in the town; that is clear when you interact with them.
There is an attitude of respect and admiration from miners [for their
leaders] because they [the miners] feel that in some way or another
leaders contribute so that they can work.

To the people interviewed, ASM is characterized by equitable
working conditions and practices. Mining represents an economic op-
portunity, and it is a source of community cohesion. Given the ways in
which miners spoke favorably about ASM in contrast to large-scale
mining, community members may not want to work for a company
operating a large-scale mine (Table 3).

The modern technical practices of ASM at Marmato (Fig. 3) are
rooted in the geological characteristics of the deposit. The miners extract
gold and silver from veins in the shallow portion of the Zona Alta, in
total producing 5,000 to 30,000 oz of gold per year at an average grade
of 4-5 g/t (Gran Colombia Gold, unpublished data). Many of the mines
exploit only one vein or a single zone. Underground development of
drifts and crosscuts is conducted by hand, by jack leg drilling and
blasting, and with small mechanized equipment. These relatively simple
and small-scale methods are feasible because of the specific character-
istics in this part of the ore body, including the vein shape, size, orien-
tation, and mineralogy. Many parts of the underground workings are
unsupported. Where support is necessary, it is limited to wooden cribs
made from milled or unmilled timbers, and cave-ins do occur. The
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timbers are harvested locally in the district, trucked to the Marmato
townsite, and carried to the adits by burros. Because many of the small
mines operate individually, ore transport occurs on a small scale by
relatively rudimentary methods. Ore is transported from the active
workings to the surface by hand in sacks, as well as in hand-pushed carts
on a metal rail system. The ore is then transferred to local processing
facilities by hand, on burros, in light vehicles, and in small trucks. Some
mines also transport ore using small buckets and cables on aerial
tramways. Waste rock is stored underground or disposed of near the
adits, most commonly off the sides of roads, in ravines, and on hillsides
with or without timber retention structures.

Numerous entables (mineral processing facilities) exist in Marmato,
ranging in scale, throughput, and degree of mechanization. The facilities
are typically built on the sides of steep hills above ravines, and material
is transported between processing stages by gravity without handling, or
in buckets carried by hand. Most of the facilities employ crushing,
milling, gravity separation, cyanide leaching in agitation tanks, and zinc
precipitation (Salgado et al., 2019). Some of the operations add mer-
cury, cyanide, or both to the ball mills, although the extent of mercury
usage is unknown since the 2018 Colombian federal ban on mercury
amalgamation. Miners purchase the cyanide in Marmato as NaCN pellets
in 10 gallon buckets. The zinc precipitate is smelted in a furnace to
produce a precious metal doré. Liquid and solid tailings from processing
are discharged directly into the ravines. The cyanide leaching and zinc
precipitation method requires infrastructure beyond the capacity of an
individual miner, which partly explains why many have organized into
companies and associations. Several domestic companies operating in
Marmato, such as the Manizales-based Sky Group Minerals, have
invested large amounts of money into their processing facilities.

The doré produced in the Marmato entables is sold locally or trans-
ported to Medellin, where it is refined to remove silver, copper, and
other impurities. At least 80% of the gold produced in Colombia is
exported legally and purchased by large refineries or their brokers
(OECD, 2018), which means that a large percentage of gold produced by
informal ASM exits the country legally.

Environmental concerns have been central to interventions and
programs intended to manage ASM (e.g., CIRDI, 2017; Cortés-Mc-
Pherson, 2019), and ASM operators are required to comply with envi-
ronmental regulations as part of becoming formalized. The miners
interviewed in this study commented that formalization is a heavy
burden, and the requirements should not be the same as for large-scale
mining. This is a contentious point: governments seek to mitigate the
environmental effects of ASM, but if the bar is set too high, ASM will
continue to operate outside the law and environmental management
strategies cannot be enforced. In Colombia, few miners formalized by
the Ministry of Mines and Energy have had their permits approved by
the Ministry of the Environment and Sustainable Development (Veiga
and Marshall, 2019).

The most salient environmental effects of ASM in Marmato are
deforestation, waste rock disposal, and tailings discharge. Deforestation
occurs locally at the sites of excavation and dispersed where timber is
harvested for underground support. Waste rock is material that must be
removed in order to access the zones where the targeted commodity
occurs at economic concentrations. In accordance with environmental
regulations, small-scale miners who become formalized are required to
store their waste rock underground. However, this has the potential of
reducing access by chateadoras, who are women who sort through the
waste rock to find gold. In 2016, in the emerald mining industry in
Colombia, concerns about the environmental impacts of waste rock led
the government to ban voladoras or events where waste rock was
“thrown” to local communities (Caraballo, 2019: 1041). This resulted in
a reduction of the local population’s access to emeralds (Caraballo,
2019).

Marmato’s Zona Alta mineralization is characterized by numerous
small veins. This mineralization style lends itself to a large number of
small-scale mines and processing facilities. Therefore, there are many
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point sources for potential contamination from waste rock and tailings.
The ravines and waterways adjacent to and downstream of the mineral
processing facilities are visibly contaminated by the direct discharge of
tailings and process waters. In the late 1990s, waters flowing from the
Marmato site were characterized by high total suspended solids. Cya-
nide and heavy metals were above the background levels in the area
(Prieto, 1998). At that time, suspended stream sediments contained Ag,
As, Bi, Cd, Cu, Hg, Sb, Pb, and Zn. Elevated levels of dissolved As, Cd, Cu
and Zn were observed in the water, and Bi, Cd, Pb and Zn were
bioavailable in the Cauca River (Prieto, 1998). Dissolution of sulfide
minerals caused local acid mine drainage, although at that time the
Marmato stream which captures all of the mining drainage had a neutral
pH upstream of its confluence the Cauca River, due to buffering by the
host rocks (Prieto, 1998). A more recent study demonstrated that mer-
cury levels were high (up to 142 ng/L) in surface waters at Marmato and
in the Cauca River (Torrance et al., 2013). The point sources identified
in that study were spatially related to entables and small mines, and the
authors attributed the contamination to the use of mercury amalgam-
ation during small-scale gold processing. The water samples also showed
elevated levels of As, Cd, Pb and Sb, likely related to the dissolution of
sulfides in discharged tailings.

Health and safety concerns for the small-scale miners in the pro-
cessing plants include exposure to heavy metals, inhalation of dust or
hydrogen cyanide gas, and exposure to other mineral processing re-
agents. In the mines, health and safety concerns include explosions,
ground control failures, heavy equipment accidents, and other injuries
and fatalities related to insufficient safety measures and lack of adequate
personal protective equipment. Of these, explosions are the primary
concern in the ASM community. The explosives necessary for blasting
are tightly regulated by the Colombian army due to the history of armed
conflict in the country. The legal process is onerous for small-scale
miners to obtain explosives and can take six months if all the re-
quirements are fulfilled, requiring the approval of the Ministry of Mines
and Energy (Ministerio de Minas y Energia), the environmental au-
thority (in this case the Corporaciéon Auténoma Regional), and the
department of arms control (Departameto Control de Comercio de
Armas). The applicant must have a mining title, a semi-annual opera-
tional plan, official permission to transport the explosives, and an
approved powder magazine in which to store the explosives. The lack of
access to explosives is a pressing concern for ASM miners because it
limits gold production and increases the health and security risks. An
explosives black market exists in Colombia, and in some mining com-
munities there are linkages between mining and terrorist groups or
criminal bands (El Colombiano, 2017). The interviewees in the present
study were adamant that there is no presence of such illegal groups in
Marmato because of strong efforts on the part of the community. The
safety issues arise because some miners in Marmato manufacture their
own explosives, and these have unpredictable detonation times. In a
radio interview, one small-scale miner stated that homemade explosives
have caused 80 to 100 accidents in Marmato, resulting in 20 fatalities
and 50 long-term disabilities (Caracol Radio, 2019). Without access to a
mining title, the miners must resort to black market sources or
dangerous homemade explosives, highlighting the imperative to create a
functional legal framework for ASM in Colombia.

6. Medium-scale mining

In 1991, the Colombian company Mineros Nacionales S.A. was
awarded a 30-year concession contract from the state to explore and
mine in the Zona Baja, which had been designated for medium-scale
mining by Decree 2223 (Fig. 4). Early 20th century portals left by the
British company in 1925 were reopened, and the mine has been in
operation since 1993. The mine is known in the community as La Palma
(Fig. 2), which is the portal near the mine gate; the company refers to the
mine as Maruja, which is the main access. Marmatenos also call the mine
abajo (below) in contrast to the small-scale mining which occurs at
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higher elevations. This mine exploits the deeper extensions of the ASM
veins, in the geological “lower Upper Zone.” Approximately 1,200
miners are employed in the medium-scale mine (Colombia Plural,
2018), many of whom reside in Marmato. Several small-scale miners
interviewed in this study attributed their current technical expertise to
past experiences working for “the company,” meaning Mineros Nacio-
nales S.A. and its large-scale mining company owners.

The medium-scale mine produces approximately 22,000 ounces of
gold per year, processing approximately 800 to 1,200 tonnes of material
per day for a total of 250,000 to 300,000 tonnes per year (SRK, 2017).
Gran Colombia Gold’s 2011 acquisition of this mine contributed
significantly to its portfolio, accounting for about 10% of the company’s
total annual gold production (SRK, 2017; Gran Colombia Gold, 2019a).
Gran Colombia Gold is presenting its proposed exploitation of the newly
discovered Deeps Zone as an expansion of the La Palma underground
workings (Gran Colombia Gold, 2019b). In order to provide context for
the discussion of this proposed plan, the mining and mineral processing
at the current medium-scale La Palma mine are summarized from the
technical report produced for GCM (SRK, 2017).

Ore with a target head grade of 2.5 g/t Au is exploited from a 900 m
wide by 300 vertical meter zone, using conventional cut and fill sublevel
stope mining (SRK, 2017). Explosives for conventional drilling and
blasting are purchased from a military magazine on site. Mining is by
jack leg drilling, air-powered overshot muckers, and small hydraulic
equipment. Ore is moved between levels via inclined shafts and skips,
and then moved to surface in 10-tonne cars on battery locomotive trains.
Unlike the ASM operations, the use of wooden cribs for ground support
is temporary, and the cribs are followed by bolts, mesh, shotcrete, and
steel arches. Parts of the mine are dewatered, and the water is used for
mineral processing. Most of the waste rock is used as backfill, and little is
brought to surface. Tailings management is distinctly different from the
ASM operations. At La Palma, 80% of the tailings are used as backfill,
pumped underground from the processing plant as a slurry without any
cement added. The tailings are drained until they will support mining of
the next stope. Excess tailings not utilized as backfill are trucked 2 km to
a permitted tailings storage facility. The storage procedure involves
drying of the tailings in ponds behind a gabion and earth embankment
dam, followed by transfer of the material to lower sections of the facility
where it is covered with crushed rock for final storage. However, the
previous La Palma operations also generated unprotected waste rock
dumps, as well as makeshift tailings storage from which discharge still
overflows directly into tributaries of the Cauca River (SRK, 2017).

The ore from the medium-scale mine is processed at an onsite plant
with a capacity of 1,500 tonnes/day (SRK, 2017). The process is rela-
tively similar to that used in the ASM entables at Marmato, consisting of
crushing and grinding, followed by gravity concentration, flotation and
cyanidation of the flotation concentrates. The solubilized gold and silver
are precipitated using zinc dust in a Merrill-Crowe process. The pre-
cipitate is smelted to produce doré. The average feed grade reported for
the Zona Baja mill is approximately 2.5 g/t Au and 9.5 g/t Ag, and re-
covery averages 87% for the Au and 40% for the Ag. The company ships
the doré by helicopter to Medellin, where it is sold to third parties on the
Colombian market.

7. Large-scale open pit mining

It was not until 1960 that the potential for open pit mining of Mar-
mato’s shallow veins was first recognized (Hall et al., 1970). In the
1980s, the Colombian branch of Phelps Dodge Corporation evaluted the
veins. Starting in 1995, the Marmato site attracted serious attention
from modern large-scale mining companies interested in pursuing open
pit development at the site. In the 1990s and early 2000s, several other
companies conducted exploration in the Marmato area. These activities
included exploration for a bulk mineable target by Minera de Caldas, as
well as property acquisition in the Zona Alta by Colombia Goldfields
Limited, a Canadian junior company that subsequently sold its interests
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to Mineros Nacionales S.A. (Table 1). In 2010, the Canadian company
Medoro Resource Limited consolidated the three largest gold properties
in Marmato by purchasing Mineros Nacionales S.A., Colombia Gold-
fields Limited, and Echandia. At that time, Medoro Resource Limited
commenced scoping studies for large-scale open pit mining. In 2011,
Gran Colombia Gold (GCM) acquired the concessions by merging with
Medoro Resource Limited. Gran Colombia Gold is a Canadian gold and
silver company traded on the Toronto stock exchange as “GCM.” The
company’s focus is on exploration, development, and production in
Colombia. From 2011 to 2017, GCM produced gold from the La Pal-
ma/Maruja mine in the Zona Baja via its subsidiary Mineros Nacionales
S.A. as described in the previous section, while pursuing open pit
studies.

The 2012 scoping for the open pit development case identified a
mineral resource of 495.8 million tonnes at a grade of 0.94 g/t Au, for a
total of 14.96 million ounces of gold in the measured, indicated and
inferred categories (SRK, 2012). In the preliminary resource study, SRK
(2012) found that there is a large volume of uneconomic or subeconomic
material which would have to be mined to reach the main part of the ore
body. This means that a large open pit would be economic but a
medium-sized pit would not. It is important to note that an open pit
which exploits the Zona Baja would involve mining through the upper
portion of Cerro El Burro, thus removing the Zona Alta (Fig. 4).

7.1. Landslides and resettlement

The Marmato area’s natural geological, topographical, and climatic
propensity for catastrophic landslides is accentuated by ASM activities,
and the hazard has become politicized by both large-scale mining and
ASM in the context of the initially proposed open pit mine. The 2017
Technical Report prepared on behalf of GCM describes the long history
of ASM as “unrestrained mining activities which led to large scale
environmental deterioration which threatens the stability of higher
portions of Cerro El Burro above Marmato and the infrastructure and
lives of the inhabitants of Marmato” (SRK, 2017: 151-152).

Three small-scale miners spoke explicitly about landslides, high-
lighting the interplay between natural and anthropogenic
phenomena:

There is some kind of instability in the mountain. This time I speak
not of a natural instability, but one caused by the accumulation of
waste rock on the hillside. Normally we have had problems with
some low cohesion material. We have had landslides, but only until it
reaches the intact rock. But a big one which puts the town in a high
risk? Not really. It is very difficult, because we know the rocks inside
and they are very fine. The advantage is that the distance between
veins is high, which leaves some safety pillars and gives stability to
the terrain.

Yes [there are landslides]; all loose material [on the hillsides] is a
product of landslides from the top of the hill, but it happens mainly in
winter due to the action of water. In winter it is dangerous outside
[the mine tunnels], but inside it is safer.

Yes [there are landslides], mainly the waste rock that moves with the
rain. It is because during the summer the hillside dries and cracks,
and when it rains, water infiltrates and moves the material.

Santi et al. (2011) and Faber (2016) observed that vulnerable pop-
ulations living in close proximity to landslide hazards may be econom-
ically restricted to the area, living in structures that are not robust, and
lacking the technical knowledge, resources, or political power needed to
mitigate their risk. At Marmato these factors are augmented by the
central role of ASM-based livelihoods in the communities, which pro-
vides the impetus to live and work in hazardous zones.

The 2006 debris flows that inundated the town made national news
in Colombia. The federal government called for risk mitigation and took
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the resettlement project has lost momentum. Now the company is
focused on developing a large-scale underground mine.

8. Large-scale underground mining

Gran Colombia Gold’s discovery of the Deeps Zone made large-scale
underground mining a viable option for consideration. In 2017, the
company announced a new development plan exclusively focused on
underground mining of this zone (Gran Colombia Gold, 2017a). In order
to raise funds for the development, in early 2020 GCM spun off its
Marmato assets into a subsidiary company Caldas Gold Corp., in which
GCM retains a major stake (Gran Colombia Gold, 2019b).

In October of 2019, Gran Colombia Gold announced an underground
mineral resource at Marmato, constituting 17.3 Mt at 3.7 g/t Au in the
measured and indicated category, with an additional 44.9 Mt at 2.3 g/t
Au in the inferred category, for a combined total of approximately 5.3
Moz Au and 12.5 Moz Ag (Gran Colombia Gold, 2019c). Because un-
derground mining is more costly than open pit mining, it requires a
higher cut-off grade. Therefore, the calculated underground resource is
smaller than the previously reported open pit resource (14.96 Moz Au in
the measured, indicated, and inferred categories). The company also
reports an additional 1.9 Moz of Au (measured, indicated and inferred)
in the Zona Alta, but this does not appear to be included in the Pre-
liminary Economic Assessment. The proposed development would
include two operations: the existing La Palma/Maruja mine operated by
GCM’s subsidiary Mineros Nacionales S.A., and a new Deep Zone
extension which lies below. The original Mineros Nacionales S.A. license
to mine in the Zona Baja is set to expire in 2021, and GCM is in the
process of renewing this contract for another 30 years (Gran Colombia
Gold, 2019c¢). In the expansion, the company is proposing a 19-year
mine life to process 26.4 Mt of material, for a total of 2.2 Moz of Au
(Gran Colombia Gold, 2019c¢). For a sense of scale, this would require
quadrupling the current production rates from the current La Palma/-
Maruja mine (SRK, 2017). The plan is to achieve some of the increased
production by optimizing the mine plan for more efficient operation.
The remainder would come from the new development in the Deeps
Zone, which would require construction of a new processing plant.

As of 2017, GCM was relying on preliminary environmental baseline
data conducted by Minera de Caldas during their exploration program at
Marmato in the early to mid-2000s, as well as various federal, state, and
municipal studies (SRK, 2017). Without an environmental impact
statement or a draft mine plan, it is difficult to predict the environmental
effects of large-scale development at Marmato. However, some potential
issues can be highlighted. The anticipated surface footprint for under-
ground development is smaller than that of the originally proposed open
pit. The proposed mining method of longhole stoping is less likely to
cause instability at higher elevations than methods such as block caving,
but the implications for safety in the Zona Alta would need to be
investigated in detail. Environmental issues around surface and
groundwater would be significant, including dewatering of the excava-
tion, use of water for mineral processing and dust control, as well as
water storage, purification, and disposal. Dewatering at depth could
theoretically help shallower ASM operations remain dry. At present it is
not clear whether the large-scale operation could also inherit antecedent
environmental liabilities from the small-scale mining in the Zona Alta.

The excess tailings from La Palma/Maruja are stored as a slurry
behind a tailings dam (Section 6). An expansion of this facility to
accommodate the projected amount of material from the planned large-
scale mine would be classified as a “large dam,” subject to environ-
mental, economic, and social impact studies according to the World
Commission on Dams (SRK, 2017). The IFC and other major lenders to
mining projects would require adherence to these guidelines, which
constitute international best practices. Any tailings storage dam has the
potential for breach and contamination of waterways and downstream
habitat as well as loss of life, particularly in a seismically active region
such as the Colombian Andes. At Marmato, conventional tailings storage
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would require inundation of a large area to contain the proposed volume
of tailings, due to the volumetric inefficiency of storing material in
steep-sided valleys.

In the Preliminary Economic Assessment, the company is investi-
gating a “drystack” alternative for storage of filtered tailings (Gran
Colombia Gold, 2019c). About half of the anticipated tailings would be
stored in this manner. The remainder of the tailings would be used as
paste backfill in the mine, and waste rock would presumably also be
stored underground as required in Colombia. Filtered tailings are not
completely dry but can be stored in a self-supporting stack at their ideal
water content of 70-85% saturation (Davies, 2011), so that a tailings
dam is not required. Water management is the most critical aspect of this
tailings storage method, and this can be difficult in wet climates such as
the Colombian Andes. Surface and groundwater would need to be
diverted, and the stack would likely need to be placed on a liner to
control underdrainage. Precipitation which contacts the tailings would
have to be controlled and treated to prevent discharge of contaminants.
Although water retention structures would be required, these are
potentially less vulnerable to catastrophic failure than the large dams
which impound slurries. Another major advantage of the drystack
method is that the tailings can be progressively reclaimed, which may
lessen the short and long-term environmental impacts.

Concerns over large-scale mining’s potential environmental impacts
are often the basis for community mobilization against mining de-
velopments (Kirsch, 2002; Li, 2015; Welker, 2009). These disputes are
either fueled by fears of negative environmental impacts or a perceived
lack of participation in decision making regarding these developments
(Conde, 2017). In many cases, tailings management and disposal are
central to these debates, and recent tailings dams failures have increased
global awareness about their management (Armstrong et al., 2019). In
Indonesia, tailings and waste rock disposal into rivers by a large-scale
gold mine spurred local campaigns and a lawsuit against the company
(Kirsch, 2002). In 2008, the government of Peru declared a state of
emergency at a large-scale mine over fears that recent seismic activity
would weaken the tailings dam and contaminate Lima’s water source
(Bebbington and Williams, 2008). However, the community members
interviewed for this study supported their claims against large-scale
mining by focusing on the positive aspects of ASM rather than posi-
tioning large-scale mining as a potential environmental polluter, a fact
that further emphasizes the importance of ASM to local livelihoods and
community cohesion.

8.1. Ore characteristics and mining rights

The combination of a vertically zoned ore body, vertically stacked
mining rights, and vertically segregated scales of mining is unique to
Marmato, where the technical and legal frameworks helped establish the
long tradition of ASM as well as continued interest in large-scale
development by multinational corporations. This architecture drives
conflict between ASM and large-scale mining in the open pit develop-
ment scenario and creates possibilities for coexistence in the under-
ground development case.

In the geological Upper Zone of the Marmato deposit (Fig. 4),
competing interests in the same natural resource intersect with
competing understandings of land ownership. The veins in the shal-
lowest portion of the Upper Zone are the only parts of the Marmato
resource that could be viable for both ASM and large-scale mining,
making conflict inevitable if the open pit option is pursued by a large-
scale mining company. No large-scale company has been able to make
open pit development economically viable thus far, and it is clear that
the social risks associated with resettlement and ASM displacement are
significant.

Despite the contentious nature of the open pit scenario, this history
played an important role in generating possibilities for coexistence at
Marmato. Large-scale mining’s long-standing interest in open pit
development at the site resulted in extensive exploration, drilling, and
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geological investigations by GCM and its predecessors over many years.
Although these efforts were conducted with the focus of defining an
open pit resource at Marmato based on the technical characteristics that
were recognized at the time, such activities eventually also led to the
discovery of the Deeps Zone.

Possibilities for coexistence between large-scale mining and ASM
arise because the Deeps Zone is amenable to mining by a large-scale
underground operation. The ore differs in morphology and composi-
tion, requiring economies of scale that would not be possible for ASM. If
underground development is pursued by a large-scale company such as
GCM, and if coexistence is prioritized in the large-scale mine’s design
and operation, small-scale mining could feasibly continue at shallower
depths in the Zona Alta concession. In 2017, Gran Colombia Gold stated
that it intends to implement contract mining from Zona Alta, thereby
incorporating gold production from the “ancestral and artisanal miners
operating within GCM titles” (Gran Colombia Gold, 2017a). The con-
tract mining is not mentioned in the 2019 Preliminary Economic
Assessment, so it is unclear whether GCM intends to recover any pro-
portion of the 1.9 Moz Au resource in the Zona Alta or whether the ASM
operations will continue independent of GCM.

The economics of large-scale open pit and underground development
are different from one another. In addition to other technical and social
considerations, commodity prices weigh heavily in any company’s de-
cision to focus on one method or the other at a particular point in time.
Bulk mining of a larger tonnage and lower grade target is feasible when
the commodity price is high, whereas more selective underground
development of a smaller and higher grade resource may be more
profitable when prices are lower. Rochlin (2015a, b) cites the boom-bust
cycle of fluctuating commodity prices as a key factor in the history of
interactions between large-scale mining and ASM at Marmato. Indeed,
gold price volatility may hinder stable long-term relationships between
large-scale companies and ASM (Hilson et al., 2020).

In both the open pit and underground development scenarios, small-
scale miners refer to the relatively short proposed mine life as a point of
conflict with large-scale mining interests. Mining at Marmato highlights
different views of territory and livelihood (e.g. Ramirez Guerrero,
2012). The relatively rapid pace of large-scale resource extraction which
maximizes the net present value of a finite ore deposit is fundamentally
at odds with the view of mining as a traditional livelihood which is
passed down from generation to generation. By enabling mining of
different parts of the ore body at contrasting scales and paces, models for
coexistence between large-scale mining and ASM should ideally create
opportunities for different conceptions of natural resource extraction.
The themes of community cohesion, livelihood, and equity are central
for the small-scale miners in such conceptions:

[In Marmato], there is also a culture of mining solidarity, generating
bonds of partnerships that in addition acts on the harmony of people.

We have always insisted on this ... the only option to maintain peace
and stability within a region is to generate employment. In Marmato
there is employment and it is an example. When people have equi-
table characteristics in terms of work, people tend to be peaceful, and
over time “El Marmateno” has had a culture of peace and tranquility.

9. Implications

The Marmato case study shows that the technical and social contexts
intersect in the interactions between ASM and large-scale mining. The
following discussion highlights how this perspective can be used to
understand these interactions at other sites, providing guidance for
scholars and practitioners in the field.

9.1. Politicization of natural hazards

The politicization of natural hazards is by no means a new
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phenomenon. Natural and technological disasters are invariably politi-
cized almost immediately after they occur. Olson (2000) presented the
idea that disasters represent “agenda control and accountability crises”
for political leaders, meaning that disasters put new issues and demands
on the political agenda. Some groups are empowered and others are
weakened by the changed agenda, and new developmental and financial
possibilities arise during recovery and reconstruction (Olson, 2000). The
Marmato case study highlights the idea that natural disasters may also
be “agenda control opportunities.” After the 2006 landslides, Colombia
Goldfields and public officials capitalized on the new agenda in order to
push the resettlement initiative, and the civic group that formed in
response to resettlement also used this momentum to further the
anti-large-scale mining movement. The possibility of open pit mining
thus became what Olson (2000) refers to as a “new developmental
possibility” in the aftermath of a disaster.

Natural disasters are known to be asymmetric in their impact on
ethnic groups or social classes, and this is particularly true for landslides
(e.g., Santi et al., 2011; Faber, 2016). The Marmato case study shows
how politicization of a disaster can further entrench this asymmetry. The
groups most impacted by the safety hazard of the Marmato landslides
are also those whose livelihoods are most vulnerable to the proposed
mitigation strategy. The Marmato case study also demonstrates how
natural hazards may be politicized by groups with competing land
claims.

The Marmato case study has important implications for decision-
making in locations where natural or environmental hazard mitigation
is beyond the capacity of the government. If this function is privatized, it
is difficult to prevent real or perceived abuse of power. At Marmato,
community perception might have been different if resettlement had
been decoupled from the open pit initiative. Instead, the open pit con-
troversy was fueled, and people continue to demonstrate resistance by
living in hazardous zones and exposing themselves to risk.

Landslide hazards, mining, and poverty are co-located in many parts
of the world, and governments should consider carefully whether the
role of hazard mitigation should be delegated to large-scale mining
companies. A parallel issue is that the environmental impacts of ASM
have been used as an argument in favor of large-scale mining (e.g.,
Owusu et al., 2019). In some cases large-scale mining companies are
called upon to mitigate or remediate the environmental effects of ASM,
framed as formalization schemes using a contract mining model for
coexistence (Veiga and Marshall, 2019), or positioned as corporate so-
cial responsibility. Large-scale mining companies may ultimately face
more resistance if they absorb the role of the state, and as at Marmato
the hazard mitigation efforts may further exacerbate existing power and
wealth asymmetries.

9.2. Importance of deposit style

The importance of deposit style in interactions between ASM and
large-scale mining has been implicitly recognized by practitioners
around the world, but this idea has not been explicitly articulated prior
to this study. Certain deposit styles and mining methods lend themselves
to competing claims for the same natural resources in the same target
area, such as the shallow epithermal veins at Marmato. These veins are
amenable for small-scale underground mining, and they have simulta-
neously been targets for potential large-scale open pit mining. Using the
nomenclature that Kemp and Owen (2019) developed to describe the
interfaces between large-scale mining and ASM, this scenario constitutes
competition for the same commodity in the same target area.

There also exist particular geological settings that create possibilities
for coexistence. At Marmato, the vertically zoned deposit also contains
the mesothermal-style Deeps Zone. This disseminated ore would only be
economic for large-scale exploitation, and it could be mined at large-
scale while the shallow veins are mined by ASM. Farther north in
Antioquia, Colombia, the Buritica deposit is characterized by epithermal
veins. Some of these are amenable to large-scale mining; others are too
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