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Geoethics is an emerging concept particularly suited to

planning and managing the use of geo-resources (includ-

ing water and soil). The main objective of this paper is to

explore geoethics to contextualize the problems associated

with mining activities in ferruginous geosystems, using as

examples the ruptures of the Fundão and the Córrego do

Feijão dams, both located in the Quadrilátero Ferrífero (QF),

in the state of Minas Gerais - Brazil. Mining industry in the

region has been developing for centuries being a guiding

thread of the identity and memory of the local communi-

ties. By claiming to bring economic returns to the area,

mining has been transforming the environmental balance

and the physiognomy of landscapes. By examining the con-

text of the rupture of two dam breaks (human and environ-

mental losses), our work challenges the prevailing view that

mining, as practiced in the QF, only brings development

and aggregates value to the population. Instead, our work

highlights that the performance of mining sector as a whole,

and the mining companies in particular, requires a more

responsible and ethical action towards society. We there-

fore call for the need to include geoethical approaches in

mainstream landscape management strategies in ferrugi-

nous geosystems in Brazil. 

Introduction

Mineral resources, from the birth of the first hominids to the pres-

ent time, have always been object of attention. The exploitation of

mineral resources is often associated to the improvement of the quality of

life extending well beyond the areas where mineral resources are

extracted. Velho (2006) enumerates five historical moments defined by

him as “geossocials” in which people’s livelihoods were completely

changed by the use of the geological heritage: metal (Age of copper,

bronze and iron used as material); gold (as money); coal (as energy);

oil (as energy); radioactive minerals (such as energy). The five moments

identified above show an increasing trend in the consumption of min-

eral resources accompanied by demographic growth all leading to

increasing pressures on the natural environment (Velho, 2006). 

In this context, the concept of sustainability makes room for a set of

newer approaches to geosciences, amongst them, the geoethical approaches.

Geoethics deals with ethics related to the social, economic, environ-

mental, and cultural aspects of research and practice in geology. Geoethics

provide an intersection point between geosciences, sociology and phi-

losophy (Peppoloni and Di Capua, 2012; Peppoloni, 2012; Bohle and

Di Capua, 2019). 

Goals of geoethics include but are not exclusive to: sustainable

development in the use of geological resources; the proper management

of its natural risks; communication across geological science and caring

for its legal aspects; museology, and finally; the unconditional care for

our planet and our heritage (Druguet et al., 2013). In line with the con-

cept of geoethics is the definition of responsible mining that was pro-

posed by the Working Group on Responsible Mining of the International

Association for the Promotion of Geoethics (IAPG) in 2017. Respon-

sible mining was defined as a mineral extraction activity that respects

all stakeholders, business, state and society, protecting the interests of

all of them, and consequently promoting human health and the envi-

ronment. It also focuses on contributing to the country’s economic

development, benefiting local communities, using Best Available

Techniques (BAT) and acting under the rule of law (Arvanitidis et al.,

2017). Other international organizations, such as the International

Council on Mining and Metals (ICMM), have as principle the promo-

tion of sustainable, socially and environmentally safe mineral indus-

tries, valuing commitments to the communities and countries where

their signatory companies are installed. In the case of Brazil, a country

recognized for its mineral wealth (Ribeiro Filho et al., 1988), not only

the development of geoethical principles, but prominently their adop-

tion into mining practices (and associated incorporation into the mining

companies’ attitude) needs to be encouraged and supported in order to

become mainstream. 

In this context, the main objective of this paper is to include geoeth-
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ics to contextualize and analyze the problems associated with mining

activities in ferruginous geosystems, using as examples the ruptures

of the Fundão and the Córrego do Feijão dams, both located in the

Quadrilátero Ferrífero (QF), in the state of Minas Gerais - Brazil.

The structure of the paper is as follows: after this Introduction we

will explore the problem under study addressing the context of Ferru-

ginous Geosystems and mining. We then present our results starting

by setting the international context of the rupture of mining tailings dams

of Fundão and Córrego do Feijão. We then describe the losses involved

(both social and natural) in the two case studies (Fundão and Córrego

do Feijão). Following this, we discuss ways forward in order to apply

geoethics into the context of dam ruptures. Finally, we summarize key

findings and explore ways forward.

Ferruginous Geosystems and Mining

Ferruginous geosystem (Carmo and Kamino, 2015) are areas con-

taining deposits of iron ores. These deposits comprise a set of iron ore

formations that, in general, include itabirite, jaspilite, among other rocks

with a concentration of precipitated iron either chemically or biochemi-

cally (Ruchkys, 2015). 

Minas Gerais State has one of the most significant ferruginous geo-

systems in the world known as the Quadrilátero Ferrífero (QF). Its

history is related to the mining activities that began with the Gold Cycle

in the seventeenth century and went through the 19th century focusing on

the exploitation of iron ore. QF is one of the most important ferrugi-

nous geosystems in Brazil. In addition to being an important mineral

province, this region is also known as the nursery for the development of

the Minas Gerais population holding important heritage values from

geological, historical, cultural and biological points of view, among

others (Ruchkys, 2015). 

The USGS (2014) estimates iron ore production in Brazil as 398

million tons in 2013, equivalent to 13.5% of the production worldwide. In

2015, most mineral commodities showed falling prices (DNPM,

2015a), likely associated to a diverse number of facts such as (i) the

transition of China’s economic model, from a commodity-intensive

economy to a service and consumption-driven economy, (ii) a weak

demand from emerging markets, and (iii) a global excess of mineral

supplies—DNPM, 2015a). Despite consecutive decreases in the Bra-

zilian industrial production (of 8.3 and 9.1%, from January to Decem-

ber 2015 and from January to June 2016, compared to the same periods

of 2014 and 2015, (DNPM 2015b, 2016), industrial activities related

to mineral extraction showed an increase of 3.9% in 2015 (motivated

mainly by an expansion in the production of some items, such as

crude oil and iron ore, DNPM, 2015b). On the other hand, between

the months of January and June of 2016, the Brazilian mineral extraction

industry, largely influenced by a reduction in the production of iron

ore, decreased 14% (DNPM, 2016; Pinheiro, 2018). 

Despite these fluctuating global scenarios, Brazil is one of the

worldwide producers of iron ore and a high share of its production

occurs in the region of Quadrilátero Ferrífero (QF). Mining activities

and the economic interests on the exploration of the QF ferruginous

geosystem in Minas Gerais are part of the identity of the region and

embedded into the culture of its inhabitants. It is precisely because

mining is part of the cultural identity of Minas Gerais that makes the

integration between mining activity and nature protection, despite

highly complex, absolutely essential. Geoethics is therefore an important

tool in order to reconcile mining activities with respect for the abiotic

environment and need to search for a more responsible and fraternal

society. Geoethics is useful for both mining industries and geoscience

professionals that are seeking to mitigate environmental problems and

reduce the side effects of mining practices that damage the environ-

ment and threaten human well being.

Results

Setting the International Context of the Rupture of Min-

ing Tailings Dams of Fundão and Córrego do Feijão

Tailings are the output material (residues) of iron ore processing.

The disposal of tailings is made in containment structures normally

built in basins or valleys. The process starts by raising a dam that should

have tailings retention capacity for two or three years of mining activity.

As mining activities proceed the dam height grows higher (operation

known as alteamento in Portuguese). These embankments can be con-

structed using the tailing material itself using one the following meth-

ods: upstream, downstream or centerline (Cardozo et al., 2016). Other

forms of disposal are underground pit deposition in controlled piles.

For mining companies the variables considered to determine the best

option to deal with tailings are usually limited to the economic ones,

since tailing deposition is a no return investment (EPA, 1994; Lozano,

2006). 

The emphasis on maintaining or expanding mineral extraction profits,

to the detriment of consideration of environmental and social vari-

ables, is not, however, compatible with ethical guidelines, as stated in

the 1988 Constitution of the Federative Republic of Brazil (CFRB).

According to the constitutional text (article 170, VI), environmental

protection – including geodiversity, biodiversity, waters and social groups

– must be seen as a principle of the economic development (Brasil,

1988; Derani, 1998, 2008). Therefore, the protection of the environ-

ment must guide the way in which the extraction and exploitation of

natural resources occur. It is important to clarify that the legal respon-

sibility for damage or environmental disasters in Brazil is “objective”,

according to Federal Law No. 6938 of 1981 on the national environmental

policy. Thus, the companies Vale, Samarco and BHP Billiton are legally

responsible for the mining disaster in Mariana (Fundão), and the com-

pany Vale is legally responsible for the mining disaster in Brumadinho

(Córrego do Feijão), because they are, in fact, owners and managers

of the tailings dams that collapsed. In Brazil, the definition of environ-

mental legal responsibility is said to be “objective” because this definition

does not require investigations into aspects of the guilt of a person, a

company or its individually considered members (Drummond and

Barros-Platiau, 2006; Leite and Ayala, 2020).

However, most mining corporations in Brazil interpret the need for

investments in the protection of natural and cultural heritage as reduc-

ing profitability and as impairing the full exercise of the right to min-

ing. Historically, research has shown that companies are resistant to

limiting mineral exploration and in adopting the best mining technol-

ogies (often more expensive) available in order to protect the environ-

ment (Gutberlet, 1996; Hochstetler, 1997; Hochstetler, 2002; Araujo,
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Olivieri and Fernandes, 2014; Alvarenga, 2015).

According to Brazilian law (CFRB, article 170, VI; Federal Law

No. 6938, article 4, I and VI) the public agencies responsible for envi-

ronmental management and supervision must require companies, namely

mineral extraction companies, to implement ecologically sustainable produc-

tion standards. However, these public agencies have been showing

difficulties in assessing the environmental risks and damages caused

by mining companies, especially in territories such as Minas Gerais,

historically associated with mining (Alvarenga, 2015; Santos and Borges,

2019). 

Tailing dam ruptures may occur for a number of reasons, including:

piping, liquefaction, flooding and deposition rates greater than tailing

dam capacity, amongst others. The cost of tailing dam breeches is high

because it involves environmental and social losses. 

Although catastrophic events have occurred around the world,

Bower and Cambers (2017) point out that Mt Polley in Canada (2014)

and Fundão in Brazil (2015) have brought the urgent need for a global

review of the mainstream assumption that impacts are unavoidable

and offset by a greater demand by society and the public benefits orig-

inated by mining. Figure 1 shows the largest tailing dam rupture events in

the last ten years (2009 to 2019).

The two tailing dam breaks in Brazil namely the Fundão (2015) and

Córrego do Feijão (2019), were both ranked in the highest class con-

cerning the damages caused. As far as environmental damage is con-

cerned, the disruptions that led to the largest discharge of tailings in

terms of volume (m3) were: Fundão / Brazil (43,000,000); Mount Polley /

Canada (23,600,000); Padcal No 3 / Philippines (13,000,000) and Cór-

rego do Feijão / Brazil (12,000,000). On the other hand, considering

the number of deaths and human losses the (accounting for identified

and disappeared), the greatest damages were caused in: Córrego do

Feijão / Brazil (257); Hpakant / Nyanmar (113); Fundão / Brazil (19) and

Cienegyuta minet / Mexico (7). The two Brazilian tailing dam ruptures:

Fundão (explored by Samarco-Vale- BHP Biliton) and Córrego do Fei-

jão (operated by Vale) were the largest in the world in terms of both

environmental damage and the number of human losses.

Millions of tons of tailings are deposited every year in tailing dams

of the Quadrilátero Ferrífero. This region is cumulatively the region

of Minas Gerais state with higher urban concentration. In the year

2014, 15 large mines of different companies produced 273.1 million

tons of ore, which generated 111.6 million tons of tailings (DNPM

cited by Gomes, 2017). Figure 2 shows the classification of some tail-

ing dams in the region in relation to their potential damage according

to the State Foundation for the Environment (FEAM), which creates

and monitors the environmental system of the State of Minas Gerais.

For classifying the tailings dams according to specific legislation

(FEAM Normative Deliberation No. 62, September 17, 2002) FEAM

uses data of the size of the tailing dam and the reservoir, classifying

them as small, medium and large according to five criteria: height of

the massif; human occupation downstream of the tailing dam; envi-

ronmental interest in the area downstream of the tailing dam; pres-

ence of facilities in the area downstream of the tailing dam. Using the

parameters listed above, the tailing dams are classified into three cate-

gories, considering the sum of the values assigned to each parameter:

class I (low potential of environmental damage); class II (average

potential of environmental damage); class III (high potential for envi-

ronmental damage) (FEAM, 2018).

Figure 1. Larger tailing dam rupture events between 2009 and 2019. Source: Data from Wise Uranium Project, 2019. Based on the United

Nations Environment Program and GRID-Arendal, Nairobi and Arendal Mine 2017.
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Human Losses 

Fundão Tailing Dam

The municipality of Mariana, and specifically the sub-district of

Bento Rodrigues, was one of the areas most affected by the rupture

that caused the death of 19 people, among mine workers and commu-

nity residents. The mud discharged destroyed all infrastructures,

leading to the withdrawal of all residents, who will never be able to

return to their place of origin, now known as “the old Bento”. Silva et

al. (2018) highlitght the emotional consequences of losses to commu-

nities, ranging from the emotional traumas resulting from the forced

displacement of their residences to the loss of their pets and livestock

(animals), which were killed. Being from Bento Rodrigues is part of

community identity and this was permanently affected (Silva et al.,

2016). Throughout generations there were shared significant experi-

ences and traditions, reminiscent of the lifestyles of different settlers

that inhabited the region. They are “ways of creating, doing and liv-

ing” that must be acknowledged as heritage and safeguarded as part of

the identity, action and memory of Brazilian mining traditional liveli-

hoods in general and from Minas Gerais society in particular (Silva et

al., 2016).

Córrego do Feijão Tailing Dam

The Córrego do Feijão tailing dam in Brumadinho, which stands

out for the magnitude of the number of victims: 257 deaths and 13 missing

– according to official data from Civil Policy of Minas Gerais state,

28 November 2019 (PCMG, 2019). Soon after the rupture, the assis-

tance came from the affected people, and afterwards by Vale employees,

municipal leaderships, fire brigade of the State of Minas Gerais and

Civil Defense.

In the disaster area, three large support centers were set up: 1) the

Knowledge Station, a Vale structure where the population-related sup-

port and care actions were concentrated, such as the official list of dead

and missing persons, registration of relatives, etc; 2) the Asa College,

where the operational command of public entities such as the civil and

military police, the fire brigade, the state civil defense and the govern-

mental environmental agencies were established; 3) the Catholic Church

in Córrego do Feijão, where the fire brigade was set up, in charge of

locating the bodies, and the police in charge of identifying the vic-

tims' bodies (CENACID, 2019).

The Vale mining company initiated a set of emergency and humani-

tarian activities providing assistance, including medical and psycho-

logical support with specialized staff, insecticide fumigation to prevent

the proliferation of mosquito vectors carrying diseases such as dengue

Figure 2. Location and classification of some of the mining tailings dams in the Quadrilátero Ferrífero. Prepared with data from FEAM (2018).
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and yellow fever. It also provided approximately 14 million liters of

water for human and animal consumption and irrigation in agricul-

tural lands (Vale, 2019).

Several communities were isolated by the tailings mud with restricted

access to health services. This situation may have exacerbated exist-

ing diseases or caused mental illness (depression and anxiety), hyper-

tensive crises, cutaneous and respiratory diseases (Fiocruz, 2019).

The National Human Rights Council (CNDH), at the request of the

Movement of Dam Affected People (MAB), carried out an on-site

reconnaissance mission on January 30, 2019. The results of this mis-

sion highlighted several recommendations, as following: the correct

identification of Vale employees as such in the service stations; the

company’s performance in order to communicate and dialogue with

the community using accessible language; the correction of the infor-

mation release in the certificates of death as resulting from the rup-

ture of the tailing dam of Córrego do Feijão Mine, to instead report it

to Vale’s company, and not a “municipal event” (CNDH, 2019).

Loss of Heritage

Fundão Tailing Dam

The rupture of the Fundão tailing dam was the largest in the world

in terms of both environmental damage and loss of cultural heritage,

releasing 43,000,000 m3, across 663 km in the Rio Doce river basin

until reaching the Atlantic Ocean. 

Numerous 17th and 18th century colonial monuments representing

the Gold Cycle in Brazil were destroyed, including the São Bento Chapel

(built in mid-1718) and dry stone walls. The mud-wrecked landscape

of Bento Rodrigues was praised in the descriptions of several natural-

ist travelers who traveled the region at different times between 1816

and 1841: Johann Baptist Emanuel Pohl (Austrian); George Gardner

(English); Carl Friedrich Philipp von Martius (German); Auguste de

Saint-Hilaire (French).

According to the Public Ministry of the State of Minas Gerais

(MPMG1), fifteen natural underground cavities were affected by the

mud from the Fundão tailing dam breach, five of which are comple-

tely underground. The loss of these assets led the MPMG to raise a

Public Civil Action in 2016, against Samarco, Vale and BHP Billiton.

In the argument of the claim the MPMG points out that damage to

speleological heritage may imply deprivation of enjoyment and access to

protected assets, loss of the possibility of reaching scientific knowledge.

The prosecutors responsible for the action point out that most of the

area affected had not yet been monitored, which probably means that

science will not be able to bring this knowledge to the world.

As the rupture of the tailing dam reached several tributaries of the

Doce River Basin, it is inevitably linked to a significant loss of the heri-

tage associated with geodiversity. Mendes and Felippe (2016) highlight

the significant modification of the lower valley morphology, with an

area of 2.82 km2 being covered by the technogenic deposits, due to the

enormous amount of sterile material deposited. The river channels were

silted, and this will give rise to a new morphology for these channels.

Córrego do Feijão Tailing Dam

The official year of the foundation of the municipality of Brumadinho

dates back to 1938. However, the occupation history of the region is

much older, as for example, the establishment of settlements in the

middle course of the Paraopeba River began in the late 17th and early

18th centuries. These settlements developed during the Gold Rush

that led to several expeditions in search of mineral riches. The village

of Córrego do Feijão began to be occupied in the 1940s and became a

district of the municipality of Brumadinho in 2004. In the context of

the Iron Cycle, mining in Córrego do Feijão began in 1923 by Ferteco,

whose shareholding control passed to Vale in 2001 (Gomes, 2009).

Tailings from the rupture of the Córrego do Feijão Dam buried Ribeirão

Ferro-Carvão, a tributary of the right bank of the Paraopeba River.

According to the Forest Institute, the geographical position of this

sub-basin in the region close to the Metropolitan Region of Belo Hori-

zonte (headquarters of Minas Gerais state), gives it an important role

for both urban and industrial wood supply (IEF, 2013).

Feijão tributaries fluvial dynamics were significantly affected mainly

due to water velocity, tracing, sediment load and erosive and deposi-

tional capacity. In the Paraopeba River the turbidity spot has advanced

tens of kilometers, producing impacts such as lower oxygenation,

reduction of light penetration and modification of drainage morpho-

logical conditions (CENACID, 2019).

The mine is located in the South Environmental Protection Area of

the Metropolitan Region of Belo Horizonte (APA Sul RMBH) and in

the buffer zone of the Serra do Rola Moça State Park. This area is classi-

fied as priority area for biodiversity conservation in Minas Gerais, being

included into the transition zone between Atlantic Forest and Cerrado

biomes (IEF, 2014). Tobias Jr. et al. (2015) show that in the area of

influence of the Córrego do Feijão there are sites of historical and

archaeological heritage. At least eight archaeological sites identified

by the National Historical and Artistic Heritage Institute (IPHAN) were

on the mud route: Samambaia 1 and 2, Córrego do Feijão aqueduct,

Berro 2, Fazenda Velha 1 and 2 and Fazenda Recanto 1 and 2. There are

still other sites that may have been compromised along the Paraopeba

River (Amâncio, 2019).

Discussion

Geoethics in the Context of Tailings Dam Break

Although geoethics has its most developed corpus in relation to the

role of geoscientists for better scientific and professional practice (Bohle

and Di Capua, 2019), it is important that geoethical premises are also

used by companies that have responsibilities in managing geo-resources.

This may be a desirable future path for the geoethics approaches.

1The concept and general objectives of the Public Ministry in Brazil (in Portuguese Ministério Publico de Minas Gerais) are established by the
Constitution of the Brazilian Republic, 1988. In general, the Brazilian Public Ministry aims to contribute to provide balance and justice to the
jurisdictional function in that country. The Public Ministry functions are to defend and enforce the law, democracy and human rights, such as
environmental law. It is important to highlight that the Brazilian Public Ministry has legal, political and administrative autonomy. In this way, he can
act in Brazil as a true “lawyer for society”, especially in conflicts or discussions about diffuse or collective rights.
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In this sense, the Cape Town Statement on Geoethics, approved by

the International Association for Promoting Geoethics (IAPG, 2016),

aims to capture the attention of geoscientists and organizations, and to

stimulate them to improve their shared policies, guidelines, strategies

and tools to ensure that they consciously embrace (geo) ethical pro-

fessional conduct in their work. According to the Statement, geosci-

entists are tasked with engaging with society. In the coming years,

especially when addressing matters like energy supply, use of geo-

resources, land management, pollution abatement, mitigation of geo-

hazards climate change adaptation and mitigation, ethical and social

issues will be central in scientific discussion and in public debate.

In Brazil, the increasing demands for mineral commodities have

not yet been accompanied by comprehensive ethical approaches that

have led to a high risk potential for communities living around min-

ing, especially in relation to the disruption of tailing dams. Tailing

dam ruptures can radically change people’s lives and affect the envi-

ronmental balance. Companies that operate locally and internation-

ally cannot adopt ethical practice only when their operations are located

in developed countries, but also when they are in developing or coun-

tries with emerging economies 

In the case of the Fundão tailing dam rupture, the community of

Bento Rodrigues was severely affected with a huge loss for future genera-

tions, who will not have access to the heritage associated with the his-

tory of mining identity of the old settlement of Bento Rodrigues. The

loss of the speleological patrimony with the breaking of the Fundão

tailing dam is also irreparable. This caused the suppression of at least

fifteen cavities impacted by the mud, implying the deprivation of

access to the geoheritage trapped there with the inherent loss of scien-

tific knowledge associated with it.

In the case of Córrego do Feijão, the loss or compromise of histori-

cal and archaeological heritage sites were reported by IPHAN to the

Folha de São Paulo newspaper, highlighting the ones that where in the

mud route. Mining companies, in addition to safeguarding human and

cultural values should also be ethically concerned with mapping and

protecting all heritage found in their area of   influence, considering

different scenarios for tailing dam disruptions under their responsibility.

More serious than property losses are the loss of human life, 19 in

the case of the Fundão breach and 257 in the case of the Brumadinho

tailing dam rupture. In the latter case, the seepage sludge hit domestic

and livestock animals, birds and dogs – leading, in some cases, to the

need to kill these animals (we could not find estimates for the number

of animals that were shot). These animals had no salvage conditions

and were dying. 

In this regard, assumptions that underlie the principles and main

concerns of geoethics (Peppoloni and Di Capua, 2016) could have

been applied by mining companies. The mining companies, particu-

larly failed the concern with the prevention and remediation of poten-

tial hazards as well as an adequate and accessible communication to

communities.

Satellite images of the QF indicate the magnitude of tailings dams,

which are amongst the largest man-made structures in this region. Safety

measures to prevent tailings dam failures, both to protect life, property

and natural resources, are essential needs in iron mining operations

especially for the considerable volume of material mobilized.

Fundão and Córrego do Feijão ruptures occurred in tailing dams

built by the upstream embankment system - the cheapest option of all.

In this sense, from the point of view of environmental ethics (Lar-

rère and Larrère, 1997; Varandas, 2009) (which does not admit the

pretentious conception that nature is only associated to means and busi-

ness objectives) mining companies’ responsibility is aggravated due

to a number of reasons. The construction and maintenance of tailing

dams by the upstream embankment method is, among other avail-

able techniques, the one that has the least costs for the entrepreneur.

However, at the same time, it is the one that entails more risks of

disruption and, consequently, of environmental and social damage,

due to phenomena such as piping, liquefaction and seismic occur-

rences. Therefore, the adoption and maintenance of this type of

technology may indicate that mining companies do not assumed the

fundamental ethical duties of prudence and intergenerational soli-

darity (Ruchkys et al., 2019).

In the case of Córrego do Feijão, Ruchkys et al. (2019) based on news

published in two Brazilian newspapers (State of Minas and Folha de

São Paulo) indicate that: i) the company had been informed, before

the breakup, about irregularities in deep horizontal drains into the tail-

ing dam and discrepant data from the piezometers used for monitor-

ing, and have not taken action on this; ii) and Brumadinho Emergency

Plan provided, in the event of a breach, that the tailings could reach

the restaurant and administrative area of   the mining company - about

two kilometers from the tailing dam. The safety of employees was not

considered (Brasil, 2019). In making the simulation and finding the risk

the company should have made new constructions to house the cafe-

teria and their own administrative area.

Information and communication are some of the fundamental aspects

of geoethics, especially in risky activities such as mining. Both communication

and information should be guiding axes of humanization processes in

the event of disasters and therefore included in the quality of manage-

ment of mining activities. In the case of Fundão's disruption, some of

the workers witnessed the collapse of the tailing dam and immediately

sought higher places to avoid being hit by the mud. There was no siren

sounded or any other means of communication to alert workers and

residents of the Bento Rodrigues community. Some employees warned

colleagues via radio, and one of the residents who worked at the mine

grabbed her motorcycle and rushed to alert the community, which, without

any guidance and on its own, proceeded to escape (Salinas, 2016). In

the Brumadinho disruption, the siren system did not work, and although

some officials and members of the surrounding community had been

trained, many were unaware of the risk they were taking. Part of the

escape route provided for in the mining tailing dam's Emergency Plan

was taken by the mud. Following the breaking of the Brumadinho tai-

ling dam the public Ministry of Minas Gerais (MPMG) demanded from

mining companies stability reports of all tailing dams built by this

method in the Quadrilátero Ferrífero (CIAEA, 2020).There is not yet

harmonization of interests of all societal groups that live in the Qua-

drilátero Ferrífero with respect to the use of geodiversity resources

(MPMG, 2020). The strong dependence of municipalities on mining

companies, instead of increasing their responsibility, might lead them

to overlook actions in relation to security and damage to assets. Esti-

mates of possible changes resulting from major works (in the case of

expansion of tailings dams) considering any potential, even hypothet-

ical, hazards - were not adequately addressed neither by Vale nor by

Samarco in the Brumadinho and Fundão tailing dam breaches, respec-

tively.
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Final Considerations

The exploration of geological resources in the Quadrilátero Fer-

rífero dates back to the 17th century. Nowadays, the management of this

area is particularly challenging. A major issue is to reconcile intensifi-

cation of iron ore exploitation as the main mineral commodity from

the 1970s onwards with the conservation of nature in the region (water

sources and the region rich biodiversity) along with socio economic

heritage (sites of historical, archaeological, geological, speleologi-

cal). The impacts of open-cast iron mining are not restricted to the pit,

but to the development of the whole extraction process, including the

heavy traffic of heavy machinery, the implementation of the indus-

trial plant and the disposal of tailings produced during the mining and

processing of iron ore.

The damages caused by the tillage dam breaks in Mariana and Bru-

madinho are immeasurable, starting from the assumption that the val-

uation of the nature and way of life of the community will never

return to the state before due to the very serious environmental degra-

dation caused by the mud. In addition, the mining industry in the

Quadrilátero Ferrífero, which lasts for centuries, modifies the envi-

ronmental balance and the physiognomy of landscapes, even if, from

a positive point of view, it is the guiding thread of the identity and his-

torical memory of the communities living in this geosystem.

Mining, as practiced in the Quadrilátero Ferrífero, creates the illu-

sion of an activity exclusively of aggregating value to the population.

Therefore, the concern with its associated risks and impacts is not, in a

way, evident and important in the eyes of many people. The recent

disruptions of the Fundão (2015) and Córrego do Feijão (2019) till-

age dams are changing this perspective, educating residents of the QF

to the perception that the neighborhood with mining does not only

bring benefits. The risks and negative environmental impacts of the

activity in question are quite significant, contributing to the degrada-

tion of the landscape and to the decrease of the quality of the water

sources (Alvarenga, 2015; Ruchkys et al., 2019).

However, the ban on the continuation of mining activities is obvi-

ously inadequate. Mining is the main economic activity of the whole

QF. There is a pressing need to find an adequate solution, based on

geoethical principles, including considering to closed down the mines

and proceed to land remediation when they are exhausted. This is a

geoethical dilemma that needs to be acknowledged in all the mining

areas and, especially, in the Quadrilátero Ferrífero. Evidence has been

pointing out that we need to learn from two of the major anthropo-

genic catastrophes associated with mineral extraction: the rupture of

the tillage dams of Fundão and Córrego do Feijão.

Geoethical lessons that should be learned by the mining compa-

nies involved in the two recent tailing dam breaches in the

Quadrilátero Ferrífero are: (i) to have a long term plan to develop

waste management using no tailings ; ii) to care for the efficient

instrumentation of the dam monitoring system; (iii) to use safer,

modern and technology driven disposal methods such as disposal in

depleted pits, controlled piles or even in underground mine gallery;

iv) to investment in waste reuse technologies as inputs for civil con-

struction in the production of floors, bricks, blocks and tiles - the

Federal University of Minas Gerais (UFMG), Ouro Preto (UFOP)

and Lavras (UFLA) have already developed prototypes with this

goal (Gomes, 2017; Machado, 2018; Fontes et al., 2019); v) to

improve mass recovery in the industrial plants vi) detailed mapping

of the entire natural and cultural heritage surrounding dams that

could be affected in the event of a breach; vii) to map the location of

surrounding communities; viii) to develop an effective communica-

tion programme that clearly addresses the risks to which communi-

ties are subjected to living with large mining enterprises; ix) to

promote public engagement with communities in case of expansion

of mining activities; x) to share and made available studies on tail-

ing dam rupture indicating possible routes of flooding areas.

The UN 2030 agenda for sustainable development advocates effec-

tive social participation and social justice, not just the state and the

entrepreneur in decisions concerning industrial activities. Specifically,

for mining, the Agenda 2030 document is based on previous sector

sustainability documents (ICMM, 2012).

Added to this is the responsibility to future generations. Vale was

born in Minas Gerais and has been operating in the Quadrilátero Fer-

rífero since 1942 with the exploration of large deposits of iron ore that

promoted significant changes in the landscape and created a strong

dependency in the municipalities where its facilities are located and in

neighboring municipalities. These two associated factors should reflect

on the company in geoethical actions of concern and responsibility

towards future generations.

After almost 80 years of exploration, from a geoethical point of

view, Vale should adopt in the Quadrilátero Ferrífero a path of gratitude,

helping to strengthen this mining identity by bringing alternatives to

society through geotourism and the expressive appreciation of geomine

heritage (Ruchkys et al., 2019). This is valuing the past by focusing

on the future. CEFEM for 2% iron ore on the company’s net sales is a

negligible value close to the impacts generated by the activity and the

company’s high profit (Ruchkys et al., 2019).

One of the biggest challenges for geoethics will be to find a better

way of justly distributing geodiversity resources in a growing

demand for mineral inputs. This issue is indispensable for geoethics

to be incorporated and debated not only in the context of geoscience

training courses and geoscientists, but also by companies and activi-

ties that have geodiversity as their main source of income. These

companies need to be concerned beyond complying with legal pre-

cepts and effectively incorporate comprehensive geo-ethical values

  related to the dignity of the communities affected by their activities,

respect for environmental and cultural heritage and the need to

ensure alternative uses for territories in order not to compromise the

needs of future generations.
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