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A vanishing mining past in SE Spain: The Mazarrón and La Unión 

mining districts 

A headframe at the Cabezo Rajao (La Unión) 

Foreword 

The southeast of Spain is a mythical land for geology in Europe. Its geological marvels include a 

Miocene volcanic chain, marine sedimentary basins in which were recorded the events of the Messinian 

Salinity Crisis and the two westernmost metamorphic complexes of the Alpine chain: Nevado Filábride 

and Alpujárride. This is only “the geology” of this realm, because in relation to the volcanism, 

important clusters of ore deposits were formed, among them, Rodalquilar (gold), and Mazarrón and La 

Unión (lead-zinc), which gave rise to famous mining districts. 

This work focuses on these last two districts, covering aspects as important as their history, their mining 

development, and of course their geology, also dealing with some complex environmental issues that are 

important in relation to the abandoned mines and waste deposits. 

We tell the story of a mining legacy that in some cases is rapidly vanishing, whereas in others the 

authorities have managed to protect some of the historical mining sites, but even so, many problems remain 

to be solved. This is not just another case of modern history (19th to 20th centuries) mining, because 

districts such as Mazarrón and La Union were mined since truly ancient times. In fact, the control over 

the mining resources of La Unión was one of the main causes for the establishment of the Carthaginians 

in this region and the subsequent Roman occupation. Mining re-emerged in the second half of the 19th 

century, with the district becoming one of the world's leading producers of Pb-Zn. During the late 

1950’s, extensive open-pit mining was carried out, generating serious environmental problems until the 

definitive cessation of mining activity in the early 1990’s. 

We say that this is a “teaching field guide”, because the reader will find here more than just raw data 

and photos for a “geotour”. For example, we go further explaining how the ore deposits of Mazarrón and 

La Unión were formed, and we also provide a base for the analysis of the environmental scenario. 

Last but not least, we do not want to miss this opportunity to thank who was for so many years our 

"teacher" at La Unión: Professor Ignacio Manteca, from the Polytechnic University of Cartagena. 

Thanks "Nacho" for your work and dedication with us and our students in the field, 

José Ángel López García & Roberto Oyarzun 
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Mazarrón and La Unión: introduction  – J.A. López García & R. Oyarzun 

1.1 A long history of mining 

… A people without the knowledge of their past history, origin and culture is like a tree
without roots. (M. Garvey). 

1.1.1 A tale of two mining districts 

The districts of Mazarrón and La Unión in Murcia (Fig. 1) are among the most 

important sites of geological and mining interest in Spain, and together with the 

district of Rodalquilar constitute extraordinary examples of the many relationships 

between the Miocene volcanism of SE Spain and metallogenic processes. 

Fig. 1: The Almería – Cartagena Volcanic Belt (ACVB) (adapted from López García et al 2017) 

and main mine districts/deposits. See inlet for location. 

Mazarrón: San Cristóbal-Perules mines. 

La Unión: Cabezo Rajao mines. 

Rodalquilar: El Cinto mines.

1. MINING TOWNS AND A

HISTORY OF MINING 

1
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The Miocene volcanism along the Cabo de Gata – Cartagena Belt triggered 

hydrothermal activity that led to formation of ore fields of the epithermal type, such 

as those of of Rodalquilar (Au, Pb-Zn-Cu), Palai-Islica (Au-Cu), Las Herrerías (Fe-

Mn) or Valle del Azogue (Hg-Sb) (Fig. 1). Mazarrón and La Unión (Fig. 2) stand 

apart from the rest of the districts, defining a small and remarkable E-W oriented 

metallogenic domain (Fig. 1), that aside from Pb-Zn sulfides and magnetite also 

incorporates iron silicates and iron carbonates in a substantial proportion. 

1.1.2 Why Mazarrón and La Unión are so important? 

Mazarrón and La Unión attract visiting lecturers and students of geological sciences 

from all over Europe, and in this regard we must highlight the activity of the Tourist 

Consortium of the Sierra Minera (formed by the Autonomous Government of Murcia 

and the towns of Cartagena and La Unión), which leads important actions to 

improve environmental conditions while preserving the important mining heritage. 

The Consortium has set in motion several heritage preservation projects such as 

those of Cueva Victoria, Ruta del 33, and the La Unión Mining Museum. The Ruta 

del 33 (the 33 Trail) is a particularly relevant educational project that consisted in 

rehabilitation of an old mine trail crossing the Sierra de Cartagena from La Unión to 

Fig. 2: Simplified geology of the Mazarrón (above) and 

La Unión (below right) districts, showing location of the 

main mining sites. IOSC-LZS: Iron Oxide, Iron Silicate, 

Iron Carbonate + Lead and Zinc Sulfides. Sierra de 

Cartagena = Sierra Minera). *: Portmán Bay as it was 

until the early 1950’s (before bay infilling with tailings 

began). Adapted form López García et al (2017). 

 Mazarrón 

La Unión 
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Portmán Bay (Fig. 2). The visitor can observe the local geology and old mine 

workings (e.g. the Agrupa Vicenta underground museum mine). 

The visitor will find that the multiple geological and recreational activities in 

Mazarrón or La Unión are favored by a mild Mediterranean climate, with 

moderation of temperatures by the influence of the Mediterranean Sea. 

1.2 Mazarrón 

1.2.1 Main features 

The most relevant physiographic elements of Mazarrón are three mountain ranges 

with maximum altitudes of 400 to 700 m that limit the basin of Mazarrón to the 

south (Sierra de las Moreras), west (Sierra de Almenara) and east (Sierra del 

Algarrobo) (Fig. 3). The mountain ranges define a basin (Mazarrón Basin) with a 

horseshoe shape open to the north and tilted to the south. Another important 

feature is defined by the so-called Rambla de Las Moreras. Three mine groups 

belonging to the Mazarrón district are here defined (from east to west): San 

Cristóbal-Perules, Pedreras Viejas, and Coto Fortuna (Fig. 2, 3). 

Fig. 3: Digital elevation model of Mazarrón basin and sierras, including all the relevant mine 

groups belonging to the Mazarrón district. Oyarzun et al (2011). 

3
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1.2.2 A little bit of history: the alum industry 

A visit to the District of Mazarrón allows a travel back in time. The mining history of 

Mazarrón extends to the 2nd century BC during the expansion of the Roman 

Empire. Only at Coto Fortuna (see figure above) the Romans left some 560,000 m3 

of mine wastes and slags (Ramallo Asensio and Arana Castillo 1985). Later, during 

the 15th and 16th centuries, the Mazarrón mineral deposits were mined for alum. 

Evidence of the extraction of alunite (KAl3(SO4)2(OH)6) for the production of alum 

(KAl(SO4)2·12H2O) at San Cristóbal-Perules and Pedreras Viejas is provided by 

primitive stone built furnaces (Manteca Martínez et al 2005) (Fig. 4). The alum 

industry developed as a consequence of the demand for this product in the textile 

industry, tanning, paints, etc. This industry was reactivated from 1774 onwards, 

although this time the mineral processing activity focused on the alum waste: the 

so-called almagres, a deep red colored material rich in iron oxides, metals (Pb-Zn), 

and metalloids (As). This industry continued with intermittences until 1953. 

Fig. 4: Ruins of alum furnaces at Pedreras Viejas for the production of almagres. 

1.2.3 Mining during the 19th and 20th centuries 

The modern development of Mazarrón did not arrive until the end of the 19th 

century, when two mining companies settled there: Unión, founded in Madrid in 

1883, and Aguilas, founded in 1884 with French capitals. Early gravity 

concentration of galena was achieved with the use of jigs. Before the invention of 

froth flotation (at the beginning of the 20th century), sulfides were concentrated by 

gravity, and one of the classic processes of separation of ore and gangue involved 

the use of jigs. A jig is a simple mineral processing device that uses water and the 

force of gravity to separate minerals by density. Since the gangue (e.g. quartz, 

calcite) is usually lighter than the ore minerals (e.g. galena), it is relatively simple to 
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separate them by density. Subsequently, reverberatory smelting of the galena-rich 

concentrated ore was used to obtain lead metal, a technology that was 

implemented at Mazarrón in 1886 when two large 

furnaces were installed at San Cristóbal-Perules 

(Manteca Martínez et al 2005). It was not until 1951 

(and at least until 1968) that zinc was selectively 

extracted from the Mazarrón ores by froth flotation. This 

procedure separates particles based on differences in 

the ability of air bubbles to selectively adhere to specific 

mineral surfaces (ore minerals) in a mineral-water 

slurry. The particles with attached air bubbles are then 

carried to the surface, removed, and sent to a smelter, 

whereas the particles that remain completely wetted 

(gangue minerals) stay in the liquid phase, are 

removed, and form the “tailings”. 

Metallurgical operations carried out during the late 19th 

century – early 20th century induced significant land 

transformation, and the most conspicuous wastes of this 

period consist of a chaotic piling of the so-called ‘old’ 

tailing deposits (Oyarzun et al 2011) (Fig. 5-7). Later on, 

during the mid 20th century, ‘modern’ tailings resulting 

from froth flotation were accumulated filling small 

valleys (Fig. 6, 7); these latter valley-fill tailings rose 

sequentially according to the upstream construction method, progressively raising 

the level of the dam during the process (Oyarzun et al 2011; Martín Duque et al 

2015). 

Old head frame and chimney at the 
Santa Ana mine (San Cristóbal-
Perules). 

Reverberatory smelting.

NPTEL (2017)

Fig. 5: The ‘old’ tailings deposits (San Cristóbal-Perules) at the El Roble dam sector, and the 

ruins of the flotation plant. Note the important erosion of the chaotic piling of these deposits. 

Yellow to red colors indicate mild to strong oxidation of sulfides (mostly pyrite); white color 

indicates the presence of sulfates. Oyarzun et al (2011), Martín Duque et al (2015). 

Old tailings deposits 

Flotation plant 
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Fig. 6: San Cristóbal-Perules (image: Paisajes Españoles SA) “in 1968”, that is, some five years 

after mining had ceased. El Roble tailings deposits (RTD), location of Mazarrón Town, and the 

Mediterranean Sea. Martín Duque et al (2015). 

Fig. 7: El Roble tailings. The ‘old’ and ‘modern’ tailings deposits. The red pond on top of the 

modern tailings (left) corresponds to ephemeral ponds of acid mine drainage formed after rainy 

episodes in the region. Image: Ayuntamiento de Mazarrón (2017). 

El Roble tailings deposits 

Mazarrón town 

Mediterranean Sea 

‘Modern’ tailings deposits 

‘Old’ tailings deposits 

Ephemeral pond of acid 

drainage 
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1.2.4 The red ponds and other ‘colorful’ features 

Seasonal pools of deep red acid mine drainage waters are usually formed on top of 

the San Cristóbal–Perules modern tailings deposits (Fig. 7). This is an active 

oxidative process (Fig. 8, 9) that will not end until the remaining pyrite becomes 

fully oxidized, which can take tens to hundreds of years depending on climate 

conditions. 

Fig. 8: Oxidation pyrite. Yellow boy: the amorphous, yellow, orange, or red deposit on streams 

(ferric hydroxide). Department of Water and Sanitation of South Africa (2017). 

Long dry spells result in gradual increases of metal concentration in the acid solutions, whereas 

sudden large increases are observed during initiation of rains. However, as precipitations reach 

their peak, the solutions become diluted and lose the leaching capacity. 

Fig. 9: Oxidative processes on old tailings from the San Cristóbal – Perules sector. Image: as 

seen from the dirt road linking the outskirts of Mazarrón Town with the mines. 
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1.3 La Unión 

The district of La Unión (Fig. 2) occupies an area of about 10 x 5 km that contains 

the largest concentration of Pb-Zn mineralization of the Betic Ranges and one of 

the largest in Spain. The district comprises mineralized bodies (Pb-Zn-Ag, Sn, Fe, 

Mn) of different types: 1) stockworks, veins and breccias in domes and felsic 

volcanic rocks (e.g. Cabezo Rajao, La Crisoleja); 2) manto type replacements in 

carbonate rocks of the Nevado Filábride and Alpujárride complexes; 3) 

disseminations in Miocene sediments and conglomerates; and 4) gossans 

(oxidation zones) (Fig. 2). 

1.3.1 Mining the mountains 

The following text is based on the works of Manteca Martínez et al (2005) and 

López García et al (2006, 2011). The Sierra de Cartagena (Fig. 10) (hosting the La 

Unión district) is an ENE trending tectonic block extending for some 25 km along 

the coastline between Cartagena and the Cabo de Palos (Fig. 10). Its maximum 

elevation is the Sancti Spiritus hill (431 m) near Portmán (Fig. 10).  

Fig. 10: Left, location of the Sierra de Cartagena (= Sierra Minera). 

The control over these mining resources was one of the main causes of the 

establishment of the Carthaginians in this region and the subsequent Roman 

occupation. Mining emerged again in the second half of the 19th century, with the 

district becoming one of the world's leading producers of Pb. Extensive open-pit 

mining began in the 1950’s, generating serious environmental problems until the 

definitive cessation of mining activity in 1990. 

Sierra de Cartagena 

Cabo de Palos 

Portmán 

La Unión Cartagena 

Escombreras 

Mar Menor 
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The landscape of the Sierra de Cartagena is marked and transformed by centuries 

of intense human activity and hosts valuable archaeological and industrial 

monuments of its mining past such as the Cabezo Rajao near La Unión (Fig. 2, 10-

12). For all this, the mountain range has been declared a Site of Cultural Interest 

with the category of Historical Site. 

Fig. 11: The Cabezo Rajao, now (left) and when mining was at its highest level (right). Right 

image: Kayou (2016). 

Centuries of mining, especially in the late 19th and 20th centuries at the Sierra de 

Cartagena resulted in a landscape where the visitor can find all kinds of traces of 

past mining activities, including Roman archaeological sites, mine shafts of the 19th 

century, mineral processing plants, open pits, underground mines, etc. One site of 

particular interest in this regard is the Cabezo Rajao mining complex (Fig. 11, 12), 

where visitors can observe the industrial architecture of the early 20th century: 

shafts and headframes, mine workings, the ruins of a flotation plant, although we 

regret to say that they are in very poor conditions. All these mining installations are 

found on top of a volcanic, highly conspicuous volcanic dome and associated 

pyroclastic rocks (ignimbrites and tuffs), where the visitor can also appreciate the 

bright colors of oxidation, stockworks and veins. 

Fig. 12: Ruins at the Cabezo Rajao mining site. Buildings (left) and a headframe (right). 

9
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Modern mining at the Sierra de Cartagena can be divided into two periods. The first 

one comprised traditional, underground operations that were active until the 1950's. 

From the 1960's onwards the Sociedad Minero Metalúrgica Peñarroya España (a 

French mining group) began large open pit mining operations, which led to the 

generation of important volumes of tailings and waste rock dumps (Fig. 13), and 

eventually to huge abandoned pits (Fig. 14). However, the most important ‘remains’ 

of this period are found at Portmán Bay, where 70 million tonnes of waste (from the 

so-called Roberto flotation plant) were directly discharged to the sea (Fig. 15). 

Fig. 13: Waste rock dump near La Unión (photo taken from the Cabezo Rajao). 

Fig. 14: Abandoned open pit near La Unión (Corta Brunita); corta = open pit. 

 Fig. 15: State of the Portmán Bay as it was left right after the froth flotation plan was 

decommissioned in 1990. Oyarzun et al (2013). 

The shoreline as it was  
left after mining ceased 
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1.3.2 The theme mining park and the road to Portmán 

An additional reason to visit the district of La Unión is the mining theme park 

(Parque Minero de La Unión) (www.parqueminerodelaunion.es/es/conoce-el-

parque/yacimientos/), open to all visitors. The tour begins ascending to the sites on 

board the so-called Mining Train (not a proper train), from where you have 

wonderful views, culminating the trip with the visit to the Mina Agrupa Vicenta (an 

underground museum mine).  

One of its greatest attractions is the so-called Ruta del 33, an old dirt road (trail) 

that crosses the Sierra de Cartagena connecting La Unión, Portmán, and the 

Mediterranean Sea, passing through the Cuesta de las Lajas (a tin bearing 

epithermal ore deposit), the site of La Crisoleja (a gossan) (Fig. 16), a couple of 

abandoned open pit mines (Pb-Zn stratabound ore deposits), and the old froth 

flotation plant (in Portmán). The road was built in 1933 with the aim of connecting 

La Unión with the port of Portmán providing work for the miners that were 

unemployed as a consequence of the worldwide economic recession. 

Fig. 16: La Crisoleja (a gossan) looking west: iron mineralization (as seen along the 33 Trail). 

Within the park the visitor can see the Agrupa Vicenta underground mine (Fig. 17), 

which is adapted for group visits. The mine was exploited for the extraction of pyrite 

from 1869 until 1970/1971. More than 4,000 m2 of the mine are open to the public, 

thus forming one of the most spectacular mine sites in Europe open for the people. 

The ore body was a low angle dipping seam (manto) and the chosen mining 

method was room and pillar. Another mine that can be observed along the road 

(although it is not open to the public) is Remunerada (Fig. 17), one of the 

underground mines that was exploited for tin. 

11
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Fig. 17: Left, the Agrupa Vicenta mine. Right, old mining works in the Remunerada (tin) mine. 

Image on the left: Parque Minero de La Unión (2012). 
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2.1 La Unión 

Civilization exists by geological consent, subject to change without notice. (W. Durant). 

2.1.1 A brief introduction to the geology of La Unión 

The district (Fig. 18) is located within the Sierra de Cartagena, which is formed by 

two overthrusted Alpine basement complexes (Nevado-Filábride and Alpujárride), 

and Neogene sedimentary and volcanic and subvolcanic rocks (of high K calc-

alkaline affinities). 

Fig. 18: Geology of the Cartagena–La Unión mining district (including stratigraphic column) 

indicating location of main mines. Adapted from Manteca Martínez and Ovejero Zapino (1992). 

Map colors: as in the stratigraphic column. 

The Nevado-Filábride Complex is divided into a ‘lower unit’ of strongly folded 

metamorphic rocks forming the roots of the Sierra de Cartagena tectonic block, and 

an ‘upper unit’ constituted by micaschists, quarzites, marbles and metabasites of 

Permo-Triassic age. The Alpujárride Complex is formed by low grade metamorphic 

2. LA UNIÓN AND

MAZARRÓN: GEOLOGY 

AND ORE DEPOSITS 
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and sedimentary rocks that sit on top of the Nevado-Filábride Complex. The 

Alpujárride rocks comprise quartzites and phyllites of Permian-Triassic age and an 

upper carbonate series of limestones and dolostones of Middle Triassic age. In 

turn, the carbonate rocks host altered doleritic bodies. 

The Neogene includes marine sedimentary rocks (conglomerates, sandstones, 

siltstones and marls) that were intruded by intermediate to felsic subvolcanic rocks 

of high K calc-alkaline affinity (rhyodacites, dacites and trachyandesites) of 

Serravalian-Tortonian age. Volcanism ended in Pliocene time with the 

emplacement of alkaline basalts, although different from the high K calc-alkaline 

rocks these rocks played no role in ore forming processes. 

2.1.2 Ore deposit types 

The ore deposits are of different types, and from a morphological and mineralogical 

point of view they can be divided into different groups (Manteca Martínez and 

Ovejero Zapino 1992): 

The “mantos” (Fig. 19) are lensoid replacement ore deposits hosted by limestones 

of the Alpujárride Complex (First Manto) (Fig. 20) and Nevado-Filábride marbles 

(Second Manto) complexes. The manto deposits are characterized by two distinct 

parageneses (P1 and P2) (to be discussed later): chlorite-sulfide-carbonate-silica 

(P1), and magnetite-greenalite-siderite-sulfide-silica (P2). 

Fig. 19: Relationships between the mantos and complexes at the Emilia open pit. Adapted from 

Manteca Martínez and Ovejero Zapino (1992). 
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Fig. 20: The first manto in Corta Emilia (Emilia open pit) and contact relationships. 

The best example of “disseminations” in the Miocene marine facies is found at the 

Sultana mine (Fig. 21), where the ore forms irregular bodies in the Miocene 

conglomerates and sandstones. This is a sphalerite-rich dissemination, with pyrite, 

marcasite and galena as minor phases. Oen et al (1975) indicate that the ore 

deposits occur in a zone along the lower boundary of a Miocene sequence and 

along post-Miocene faults. Pebbly mudstone beds (Fig. 22) in the Miocene are 

slump sediments, which by their lithological properties form preferred horizons for 

the spreading of the mineralization. 

Fig. 21: The Sultana open pit. Marine sedimentary rocks including slump ‘pebbly’ mineralized 

deposits (see also Fig. 22). 

First Manto 

Limestones (Alpujárride Complex) 

Contact 

Normal fault 
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Fig. 22: The pebbly mudstone beds (left) and sulfide oxidation phenomena (right). 

The “veins” are tabular deposits that developed in highly fractured domains in the 

complexes and had economic importance in the past. Many veins had variable 

lengths ranging from 500 to 1000 m, with thickness of about 1 m (and rarely up to 

10 m). 

There are two excellent examples of “stockwork” type ore deposits related to 

volcanic domes in the district: 

 Cabezo Rajao type (Pb-Zn-Ag) including complex stockwork zones with

associated splay mineralized veins. The main volcanic body is a horizontally

elongated ellipsoidal plug: a trachyandesitic porphyry, with associated

rhyodacitic pyroclastic rocks (ignimbrites and tuffs) formed during the

evolution of the dome-hydrothermal system (Fig. 23, 24).

Fig. 23: Left, domes can be complex volcanic edifices, with steam and ash plumes and 

hydrothermal activity (Wohletz et al 1992); right, Mount St. Helens 2004-2008 eruption 

(USGS 2013). 

 La Crisoleja type (Sn-Fe-[Pb-Ag]), associated to a rhyodacitic dome hosting

low-T tin mineralization (wood-tin) and copper mineralization (Fig. 25, 26).

Wood-tin is a variety of cassiterite showing a radiating structure resembling

Dome 

Ash plume 
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dried wood, which is commonly found as a low-temperature hydrothermal 

mineral in felsic volcanic rocks (Mindat.org 2017). The shallow seated ore 

bodies underwent strong oxidation processes that resulted in formation of 

the so-called monteras (gossans) with a complex mineralogy of oxides, 

sulfates and native elements such as silver and copper. The gossan of La 

Crisoleja was exploited for Fe minerals at the end of the 19th century. 

Fig. 24: Inside of the Cabezo Rajao. Top and bottom left: supergene argillic alteration (white) 

overlapping propylitic alteration (green); bottom right, oxidized stockwork in strongly altered 

volcanic (pyroclastic) rock.  

Fig. 25: The Miocene dome of La Crisoleja. The rocks underwent advanced argillic alteration (see 

arrow), silicification, and strong oxidation (see ochre colors). 

Argillic alteration 
Oxidation 
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Fig. 26: W-E cross-section of La Crisoleja displaying the main geologic units. Tilted blocks: the 

dome most probably got emplaced along a west dipping normal fault. Adapted from Manteca 

Martínez and Ovejero Zapino (1992). 

Last but not least are the secondary, magnetite ± hematite ± siderite beach “placer 

deposits” that formed at Portmán Bay (adjacent to the district) between 1957 and 

1990 by tidal waves and sea currents (Fig 27-29). This led to gravimetric 

classification of the tailings materials derived from froth flotation (for Pb and Zn) of 

the manto type ores, thus forming an ore resource of about 2.32 × 106 t of 

magnetite, which attracted the economic interest of mining companies (Manteca et 

al 2014). 

Fig. 27: Portmán magnetite beach placer. Schematic N-S cross-section in the bay of Portmán, 

depicting main old and present relevant features and position of iron ore bodies. Manteca et al 

2014. 
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Fig. 28: The Portmán magnetite beach placer. A: Centimetric to millimetric scale layering of 

coarse and fine (Fe minerals bearing) sands; a relict sulfate crust can be observed at the top. B-

D: Fe mineral phases in mixed grains; FeSil: greenalite, Hem: hematite, Mgt: magnetite, Sid: 

siderite. Manteca et al 2014. 

This is the Portmán magnetite beach placer as we knew it and studied it. We do not 

know exactly what will happen with these magnetite-rich sands, because the 

Portmán bay is now being dredged (“geo-engineering”) to transform the bay into 

what it was in the early 1950's (Rehabilitation of the Bay of Portmán Project). It is 

not clear either if the removal of the sands and metal rich materials from the 

flotation plant will generate a bigger problem regarding pollution dispersal than the 

initial one. 

Fig. 29: Left, aspect of Portmán Bay in August 2017; the area inundated by the sea is where the 

tailings from the flotation plant were deposited and consolidated. Image: La Verdad (2017). 

Right: Portmán Bay before the works. The arrows show the same point, after and before). 
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2.2 Mazarrón 

2.2.1 A brief introduction to the geology of Mazarrón 

Volcanic activity at Mazarrón gave rise to high K calc-alkaline andesites, dacites 

and rhyodacites of Tortonian to Messinian age, that were emplaced as lavas, 

pyroclastic deposits, and domes within a basement constituted by the Nevado-

Filábride and Alpujárride complexes (Fig. 30). The first complex hosts gneisses, 

black schists and quartzites, amphibolites, diabases, and marbles, whereas 

Alpujárride comprises phyllites, slates, quartzites, and limestones. 

Fig. 30: The Mazarrón Basin. (A) Location map. (B) Geology of Mazarrón (modified after Oyarzun 

et al 2011). (C) Aspect of the Perules volcanic dome (breccias facies). (D) A complex structural 

array of leached veins at Perules. NFA, Nevado Filábrides and Alpujárrides metamorphic 

complexes (graphitic black schists, feldspar schists, quartzites, marbles). Crespo et al (2013). 

Mazarrón 
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The volcanic rocks form an inner ring within the horseshoe like structure open to 

the NE, bounding the Mazarrón basin in its southern realm. The basin was infilled 

during Tortonian-Messinian and Pliocene time by marine sediments comprising 

marls, sandstones, conglomerates, and coquina limestones.  

2.2.2 Ore deposits types 

The district hosts Pb-(Ag)-Zn-(Fe) epithermal deposits of the vein and stockwork 

type, and manto type deposits in depth replacing carbonate rocks and/or marbles 

from the Alpujárride and/or Nevado Filábride complexes. The main deposits cluster 

at San Cristóbal – Perules (adjacent to the town of Mazarrón) (Fig. 30), and the 

mining sites are characterized by the presence of dacitic to rhyodacitic domes that 

underwent mild propylitic alteration and strong, pervasive advanced argillic 

alteration of supergene origin (Fig. 30), with formation of kaolinite, alunite and silica. 

The domes display brecciated, fragmentary and massive facies, at San Cristóbal – 

Perules and Pedreras Viejas, have associated pyroclastic rocks at both mine 

clusters, and the leached and oxidized mineralization is strongly controlled by faults 

at different scales (Fig. 31-35). Main ore minerals are pyrite, sphalerite, Ag-bearing 

galena and magnetite, with some additional greenalite and minnesotaite (in the 

manto ores). 

Fig. 31: Pedreras Viejas: dome, mostly massive facies, with vertical and subhorizontal joints. 
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Other sulfides include chalcopyrite, tetrahedrite-tennantite, arsenopyrite, cinnabar, 

stibnite, and berthierite. Secondary minerals include cerusite, anglesite, 

smithsonite, azurite and malaquite, whereas gangue minerals include quartz, 

siderite, calcite, and gypsum. Intensive leaching and limonite formation in the rocks 

and mining residues left a conspicuous landscape characterized by deep purple to 

light yellow and white colors defined by massive formation of goethite, jarosite, 

alunite, and kaolinite, including formation of seasonal ponds of red acid waters. 

Fig. 32: Top left, highest sector of the Perules sector; the arrow indicates position of a fault zone 

and veins that were totally mined (dome: breccia facies). Top right, fault plane and oxidized 

remnants of a mined vein at Pedreras Viejas. Bottom left: stockwork of oxide veins (goethite-

jarosite). Bottom right: copper oxides along the fault plane. 

Fault zone 

Fault 

Remnants of oxidized ore 

Enlarged area:  
see below left 

Copper oxides 
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Fig. 33: Leached sulfide veins at Perules-San Cristóbal. Yellow: jarosite, purple-red: goethite. 

Fig. 34: Fall deposit (pumice) facies at Perules-San Cristóbal within the dome complex. 

Fig. 35: Left, leached and oxidized stockwork in pyroclastic rocks at Perules-San Cristóbal. Right, 

dome breccias facies with the remnants of a leached and oxidized vein (see arrow) along a fault 

plane. 
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2.3. Manto type deposits: the “IOCS – LZS” paragenesis 

2.3.1 Oddity and an odd paragenesis 

Oddity is the quality or state of being odd, whereas odd means “differing markedly 

from the usual, ordinary, or accepted”. In this regard, from a mineralogical point of 

view the La Unión and Mazarrón orefields can indeed be regarded as “oddities” 

because some of the hydrothermal, manto type deposits present in the two districts 

have an unusual paragenesis comprising magnetite ± greenalite ± minnesotaite ± 

siderite and galena ± sphalerite (Fig. 36-38). To define this paragenesis we use 

here the acronym “IOCS” for the iron oxide, iron carbonate, iron silicate 

paragenesis (López García et al 2017). 

Fig. 36: Summary of main geologic, mineralogic and isotopic traits of representative ore deposits 

from Mazarrón and La Unión. A: Schematic sections and mineral parageneses from San 

Cristóbal (Mazarrón) and Emilia II (La Unión) also depicting potential (district-scale) exploration 

targets; SC: Sulfides + Carbonates; IOCS-LZS: Iron Oxide, Iron Carbonate, Iron Silicate + Lead 

and Zinc Sulfides. B: Magma emplacement phenomena and hydrothermal transport of metals 

including the main isotopic signatures of rocks, lead, and sulfur; (1): Scaillet (2010); (2): Crespo et 

al (2013); (3): Arribas and Tosdal (1994); (4): Benito et al (1999); (5): Friedrich et al (1964); C: 

Schematic and combined stratigraphic column (depicting ore deposits) for the La Unión and 

Mazarrón ore fields (not to scale). López García et al (2017). 
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Fig. 38: A) Summary of a common IOCS-LZS paragenesis for San Cristóbal and Emilia (main 

minerals only). A: mineral paragenesis. B and C: hand specimens of IOCS-LZS minerals from 

San Cristóbal – Perules and Emilia. D: Back scattered electron image of magnetites from Emilia. 

E: Back scattered electron image of magnetites from San Cristóbal - Perules. EMP: JEOL 

Superprobe JXA-8900 M™(UCM). Gre: greenalite; LGa: late galena (II); Mgt: magnetite; Py: 

pyrite; Sid: siderite; Sil: silica (quartz and chalcenony); Sph: sphalerite. (*): at La Unión only. 

López García et al (2017). 

Fig. 37: An example of hand specimen of the IOCS-LZS 

paragenesis (not all minerals present); a sample from 

San Cristóbal – Perules displaying incipient oxidation 

phenomena. Chal-Op: chalcedony/opal; Ga: galena; 

Go: goethite; Mgt: magnetite; Sid: siderite; Sph: 

sphalerite. 

Go 

Mgt 

Sph 

Sid 

Ga 

Ga 

Chal-Op 
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As indicated out by Nadoll et al (2014) magnetite is a common accessory mineral in 

host rocks, but a rare one in hydrothermal veins; in fact, magnetite occurs ‘only’ as 

a minor or trace mineral in Pb-Zn ore deposits (Dupuis and Beaudoin 2011; Nadoll 

et al 2014). In this respect, the massive presence of magnetite in some of the La 

Unión mantos can indeed be considered as a peculiar and yet key paragenetic 

feature. In fact, magnetite was so important in these deposits that magnetic 

recovery of this mineral was undertaken by the Peñarroya Mining and Metallurgical 

Company between 1959 and 1967 at La Unión (Manteca et al 2014). 

However, magnetite is not the only mineralogical pecularity, because this mineral is 

accompanied by greenalite and minnesotaite, two iron silicates far more typical of 

the banded iron formations (BIF) environment (e.g. Klein 2005) than of any other 

ore deposit type. Indeed, magnetite typically occurs with these iron silicates and 

also with siderite and pyrite in many low-grade BIF deposits (e.g. Klein 2005). In 

this respect, we are not here implying any genetic relationship between BIF 

episodes (of any type) and the La Unión Pb-Zn ore deposits. In fact, much along 

the line of Oen et al (1975) we support the idea of a hydrothermal, fully epigenetic 

origin for the magnetite-greenalite-galena-sphalerite manto ore deposits of the La 

Unión District.  

2.3.2 The IOCS mineral paragenesis: searching for answers 

The local and regional geological evidence makes a Miocene hydrothermal 

remobilization of older, Paleozoic-Triassic iron-rich sedimentary ores very unlikely. 

This is because the manto-type mineralization is hosted by two allochthonous 

complexes, having both different origins and tectonic-metamorphic histories. It 

would take an amazing coincidence that two similar sedimentary iron deposits, 

formed at entirely different times and places, could have ended up being separated 

by a short vertical distance (some tens of meters) not in one deposit, but in several 

ones throughout the district. Instead, as suggested by Rasmussen et al (1998), 

formation of minerals such as greenalite and minnesotaite could well be explained 

in terms of a low T (300ºC) Fe-rich hydrothermal fluid via the following reactions (1-

2):  

(1) 14Fe2SiO4 (fayalite) + 7SiO2 (aq) + 20H2O → 10Fe2.8Si2.1O5(OH)4 (greenalite) 

(2) 150Fe2.8Si2.1O5(OH)4 + 245SiO2 (aq) → 140Fe3Si4O9.6(OH)4 (minnesotaite) + 104H2O 
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This fits well with estimated temperatures from Oen et al (1975) in the order of 

250ºC, and that of Kager (1980) of about 300ºC for the transition greenalite-

magnetite. Rasmussen et al (1998) suggest that such a fluid would be 

progressively richer in SiO2, which would also explain the ubiquitous presence of 

silica in this paragenesis in the form of late chalcedony. Subsequently, minnesotaite 

(3) or siderite (4) may act as precursor mineral phases for magnetite (e.g. Frost 

1979): 

(3) Fe3Si4O10(OH)4 (minnesotaite) + 0.5O2 → Fe3O4 (magnetite) + 4SiO2 + H2O 

(4) FeCO3 (siderite) + 0.5O2 → Fe3O4 + 3CO2 

Additionally, and also under increasing oxidizing conditions we may have (Klein 

2005): 

(5) 2Fe6Si4O10(OH)8 (greenalite) + O2 → 2Fe3Si4O10(OH)2 (minnesotaite) + 2Fe3O4 + 3H2O 

Whatever the case, it seems clear that in order to generate either greenalite or 

minnesotaite a ferromagnesian silicate precursor mineral is required; in turn the iron 

silicates could lead to formation of magnetite (3). Regardless the chemistry of the 

system, the observed textural relationships between the iron silicate – iron oxide 

minerals clearly indicate that the latter originated from the former because 

magnetite occurs as replacements of greenalite and minnesotaite.  

The most compelling geological evidence regarding formation of greenalite, 

minnesotaite and magnetite at La Unión is provided by the presence/absence of 

dolerite bodies (First Manto) or metabasites (Second Manto). This mineral 

assemblage occurs within the mantos as metasomatic replacements in limestones 

and marbles, near to chloritized bodies of dolerites that host sulfides in the form of 

specks and veinlets, which in turn are often surrounded by greenalite-rich zones 

(Oen et al 1975). As discussed below, this spatial relationship may have further 

implications regarding the ultimate origin of the iron silicate – iron oxide mineral 

phases.  

These hydrothermally altered dolerites could be regarded as a source of both iron 

and silica. If this is correct, then the alteration of pyroxene in the dolerite bodies 

Important: where no doleritic bodies were present, no IOCS – LZS (P2) 

paragenesis formed in the manto deposits. Instead, the chlorite-sulfide-

carbonate-silica (P1) paragenesis formed. 
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would have led first to formation of smectite and from there to chlorite, a process 

involving the leaching of both iron and silica (Bettison-Varga and Mackinnon 1997):  

Consequently, iron and silica removal and subsequent transport and deposition (as 

precursor iron silicate) in the limestones (First Manto) could be explained as the 

direct consequence of a larger hydrothermal episode affecting both the dolerites 

and limestones (Fig. 39). Besides, deposition of siderite does not pose a problem 

because part of the iron mobilized from the dolerites would have reacted with the 

Alpujárride Complex carbonates forming siderite.  

Fig. 39: Schematics of a multiple sources model for the IOCS-LZS deposits based on geological, 

mineralogical, and chemical relationships observed and/or inferred at the Emilia First Manto 

deposit (La Unión). The model implies the existence of active (magmatic) and passive (dolerites) 

sources for the metals. 

Pyroxene (+ H2O) → Smectite (+ Al3+ + H2O + H+) → Chlorite + H4SiO4 + Fe2+ 
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3.1 Remembering happier and sadder times 

Every time the long-forgotten people of the past are remembered, they are born again. (M. Murat Ildan). 

3.1.1 The Ruta del 33: a road to nowhere 

La Unión, Cabezo Rajao, Agrupa Vicenta, Remunerada, and La Crisoleja (among 

others) are almost mythical names regarding mining in Murcia (SE Spain). Mining 

reached its peak in the year 1900, and its decline began almost immediately after 

the advent of World War I (1914-1918). The crash of the Wall Street stock 

exchange on October 29, 1929, contributed decisively to badly hurt an already 

deteriorated situation. Let us recall that the years after the crash (Fig. 40) are 

known as those of the Great Depression: global economic recession, generalized 

crisis, etc. 

Fig. 40: Left, the front page of the newspaper Brooklyn Daily Eagle has a banner headline 

reading “Wall St. In Panic As Stocks Crash” which describes the massive fall in stock value on 

what became known as Black Thursday, October 24, 1929 (Amadeo 2017). Right, the crowds on 

Wall Street after the stock exchange crashed (Time 2008). 

No economic sector suffers more than mining during economic recessions, and this 

is easy to understand: mining is at the base of the industrial chain. If you stop 

making machinery, cars, roads, houses, etc, it does not make any sense to extract 

3. AN EXPLORATORY

TRAVEL INTO A 

VANISHING MINING PAST
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minerals. It was during this bleak panorama, with the closing of mines and the 

important subsequent miners’ strike in the mining district of La Unión, that it was 

decided as a palliative (hiring of labor) the construction of what would later be 

called, the trail or Ruta del 33. The construction of a road of these characteristics, 

linking the mines of La Unión with the port of Portmán had all the economic sense 

at the beginning of the 20th century, but during the crisis it offered little in terms of 

solid and lasting economic progress for the area. 

3.1.2 Recovery of geological and mining heritage 

Six decades later an idea began to germinate within the context of an ambitious 

plan for the recovery of the geological and mining heritage of the area: to generate 

a geological and mining trail along the old Ruta del 33 (Fig. 41). This tour had to 

serve three main purposes:  

1) The recovery of the route.

2) To tell what mining once was in the area.

3) And last but not least, to serve as an outdoor teaching laboratory in terms of

geology and mining.

One of the main drivers of the idea was Dr. Ignacio Manteca Martínez, who as a 

former mining geologist in the district (Chief Geologist of Peñarroya España – La 

Unión) and Lecturer at the Universidad Politécnica de Cartagena (at present he is 

Honorary Professor), has a long and extraordinary experience on the subject. 

What follows is a simplified (and slightly modified) excerpt from the book Ruta 

Minera Carretera del 33, a joint effort of the Polytechnic University of Cartagena 

and the City Council of La Unión (Manteca Martínez et al 2000), and from an e-file 

(DVD) of the Complutense University of Madrid (López García et al 2006). 

Fig. 41: Left, the book Ruta Minera "Carretera del 33" (Manteca Martínez et al 2000). Right, where 

the old trail begins. At present the route is paved up to the museum mine Agrupa Vicenta.  
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3.1.3 Points of interest along the Ruta del 33: from La Unión to La Crisoleja 

The mining landscape of Ruta del 33 is characterized by the presence of a series of 

anthropic elements that modify the area: a tailings deposit, cast iron slags, and 

various types of mining works: trenches, shafts, and headframes. The visitor can 

also see old chimneys, furnaces and a gravity concentration plant. 

Fig. 42: Left, the Ruta del 33, the numbers represent points where the visitor can stop to see the 

geology and/or mining works and machinery. Right, a panoramic view of the tailings, the gravity 

concentration plant, and the town of La Unión.  

1) At the first stop of this tour the visitor can observe a tailings impoundment (Fig.

42, 43) that resulted from froth flotation of sulfide minerals from the Pablo and 

Virginia mine. A tailings impoundment is a damed retaining structure designed to 

store both tailings (fine materials of no economic value: host rock and gangue 

minerals) and mine water, with the aim of reclaiming the water for use in the 

processing plant as required (Tailings.info 2017). The fine grain size of these 

materials and the “sedimentation” process usually result in perfectly stratified 

deposits, which the geology students not familiar with the area can mistake for a 

natural sedimentary unit. 

2. Second stop. The Nevado Filábrides Complex (Fig. 44), which is usually covered

by Permian-Triassic and Triassic (Alpujárride Complex) (Fig. 45) and Miocene 

materials, crops out along the road. The Sierra the Cartagena is an uplifted tectonic 

block with excellent outcrops of black graphite schists and strongly folded gray 

quartzites. At this point the visitor can also observe to its right (on the other side of 

the valley defined by a gulch) a large serpentine structure (Fig. 43), which rests on 

the mountain slope, and corresponds to a chimney fume condensing coil, from a 

lead smelting plant that existed nearby. 

Agrupa Vicenta Museum Mine 

Tailings 

La Unión 

Gravity Concentration Plant 

33 Trail 

8 
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Fig. 43: Another view of the tailings and the so called “Serpentine”. Right, a detailed view of the 

tailings; the white color indicates sulfate formation after the oxidation of pyrite.  

3. Third stop. Due to the bend of the road to the East (from 2 to 3 see Fig. 42), the

visitor leave the Nevado Filábride Complex to travel through materials from the 

Alpujárride Complex, here formed by phyllites at the base and carbonate rocks at 

the top, partly replaced by iron oxide minerals. These are Triassic dolostones 

belonging to the Alpujárride Complex, intensely fractured and with the appearance 

of chaotically stacked blocks (Fig. 45). The state of the fragmented rocks is natural, 

and obeys to a process of subsidence of the land, caused by the oxidation of 

masses of sulfides close to the surface. This change from sulfide to oxide leads to a 

decrease in rocky volume, which causes a subsidence and consequently the 

breaking of the rocks. 

Fig. 44: Strongly deformed graphite schists and quartzites (Nevado Filábride Complex). 

8 
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Fig. 45: Lomas de los Coloraos: Triassic dolostones belonging to the Alpujárride Complex, 

intensely fractured, looking like chaotically stacked blocks. 

4. Fourth stop. The aim here is to observe the outcrop of one of the main

mineralized bodies of the sierra, the so-called Second Manto (see section 2) which 

is oxidized on the surface, whereas in depth is characterized by the presence of 

sulfides, with pyrite, sphalerite, galena, chalcopyrite, etc. The Second Manto is 

located at the base of the upper unit of Nevado-Filábrides, resting on the Paleozoic 

materials of the lower unit of the same complex (Fig. 46). The visitor can observe 

here excavated galleries and vivid ochre, red (goethite), and yellow (jarosite) colors. 

The Second Manto dips here to the East. This is the Pablo and Virginia old mining 

property (Fig. 46). 

Fig. 46: Left, fault contact (normal fault, see yellow arrow) between the Second Manto (uplifted 

block of Nevado Filábride rocks) (right) and Alpujárrides rocks (left); the outcrop stands out for the 

vivid ochre, red, yellow limonites (see white arrow) formed by oxidation of sulfides present in the 

Second Manto. Right, the old mining works at Remunerada mine. 

5. Fifth stop. The tin vein mineralization that appears at this point (Remunerada

Mine) (Fig. 46) is a very particular type of deposit, totally different from other tin 

deposits in Spain (typically associated with Variscan granites). Unlike these cases, 

the tin of the Sierra de Cartagena is genetically related to Miocene felsic domes 

and dykes with strong hydrothermal alteration. The tin mineral is also different, 

wood-tin (instead of cassiterite), which is a variety of cassiterite showing a radiating 

Dolostones 

Normal fault 

Nevado Filábride: 

Second Manto Alpujárride 
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structure resembling dried wood. This mineral is commonly found as a low-

temperature hydrothermal phase in felsic volcanic rocks. The mine was reopened in 

1950 for a few years, without much economic success. 

6. Sixth stop. The visitor can observe a system for the transport of mineral to the

gravity concentration plant (below), consisting of a point of discharge or hopper, 

excavated in the rock that allowed the ore to freely fall along a channel excavated 

in the rock. The final section ends in a gallery where the mineral was stockpiled and 

ultimately fed the concentration plant. This is a hazardous site thus we recommend 

prudence.  

7. Seventh stop. The visitor arrives to the Pablo and Virginia mine (Fig. 47). This

mine started its operations in 1869 by the traditional method of “room and pillar”. 

Fig. 47: Left, access to the Pablo and Virginia mine. Right, a rock pillar inside the mine. 

The claim initially listed Pablo and Virginia as a Pb mine, although the dominant 

and almost exclusive mined mineral was pyrite. Mining continued intermittently until 

the end of the 1960s, and the production was intended for the chemical plant 

“Productos Químicos de Cartagena” to manufacture sulfuric acid. The Pablo and 

Virginia mine is now being prepared for its future adaptation as a “museum mine”, 

similarly to the case of Agrupa Vicenta (see next section). 

8. This eighth stop is an optional site for observation given its more specific and

academic geological interest. The visitor can observe here a highly altered 

(bleached) andesitic dome, a breccia, and the Nevado Filábride schists (Fig. 48).  
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Fig. 48: Left, the extremely altered andesitic dome, the breccias, and the Nevado Filábride 

schists. Right, a detailed view of the breccia. The ochre and yellow colors correspond to limonites 

(goethite and jarosite respectively), whereas the white color indicate argillic alteration (kaolinite). 

9. Ninth stop. After completing the climb along the road, reaching the hill of Las

Lajas, the visitor is now going down gently to the south and arrives to La Crisoleja 

(Fig. 49, 50). The dominant colors in La Crisoleja are reddish brown, and ochres of 

different shades reflecting a strong advanced argillic alteration, silicification, and 

gossan formation.  

Fig. 49: The strongly altered dome of La Crisoleja: argillic alteration (white color) and silicified 

gossan (ochre color). 

La Crisoleja hosts a complex mineralization of Fe oxides (silicified gossan), and 

minor Pb, Ag, Cu, and Sn. Oxidation gave rise to large gossan, formed by an up to 

40 meters thick iron oxide−siliceous crust. This mineralization gave rise to two 

types of mining operations: very selective small excavations to mine tin, lead and 

silver; and large open pit or quarry operations to extract iron from the gossan. Iron 

mining at La Crisoleja was of great importance, especially between 1875 and 1902, 

with a production in the order of 300,000 t year-1 Towards 1914 these mining works 

were abandoned because low Fe grades .(about 30%) and the strong competition 

posed by the iron mines from northern Spain.  

Bleached andesitic dome 

Breccia 

Nevado Filábride schists 
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Fig. 50: Left, oxidized stockwork in volcanic rock at La Crisoleja. Right, simplified cross-section of 

La Crisoleja dome depicting the main geologic units (adapted from Manteca and Ovejero 1992).  

3.2 The Ruta del 33 at present: the theme mining park 

3.2.1 How it all began 

On May 2, 2009 was approved the declaration conferring to the Sierra de 

Cartagena (= Sierra Minera) the status of Asset of Cultural Interest, within the 

category of Historical Site. Throughout this period, many actions have taken place, 

and among them it was finally created the La Unión Mining Park (Fig. 51) 

(http://www.parqueminerodelaunion.es/), which was inaugurated in 2010. The park 

included all of the already described mining and geological features that can be 

observed along the Ruta del 33, but adding on top of these, a restored gravity 

concentration plant, a roasting furnace, and the current jewel of the crown: the 

Agrupa Vicenta Museum Mine (Fig. 51-53). 

Fig. 51: On-line info for the visitors to the Agrupa Vicenta mine (Parque Minero La Unión 2017). 

http://www.parqueminerodelaunion.es/es/ 
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Fig. 52: Left, the room-and-pillar mining method used to mine Agrupa Vicenta. Right, geological 

cross-section inside of the mine displaying the main geological features of the Agrupa Vicenta ore 

deposit. 

Fig. 53: Inside of the mine. 

3.2.2 Mining Agrupa Vicenta: the Room and Pillar method 

The following is an excerpt from Atlas Copco (2007) on underground mining 

methods. Room-and-Pillar is designed for mining of flat (or slightly inclined) bedded 

deposits of limited thickness. The method recovers the mineralization in open 

stopes, leaving pillars of ore to support the roof. To recover the maximum amount 

of ore, miners aim to leave smallest possible pillars behind, because these are 

difficult and expensive to recover. The roof must remain intact, and rockbolts are 

used extensively as rock reinforcement. Rooms and pillars are normally arranged in 

regular patterns, and can be designed with circular pillars, square pillars, or 

elongated walls separating the rooms. Classic room and pillar applies to flat, 

bedded deposits with moderate to large thickness, also to inclined deposits with 

larger thickness. Mining the ore body creates large openings, where trackless 
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machines can travel on the flat floor. Ore bodies with large vertical height are mined 

in horizontal slices, starting at the top and benching down in steps. 

3.3 Outside the mining park and yet “a must” for the visitor: the Cabezo Rajao 

3.3.1 What’s a “cabezo rajao” 

The Cabezo Rajao is less than 2 km away by road from the La Unión city center, 

and the access to the mine precinct is via a dirt road that ultimately takes the visitor 

to the old mining works and the ruins of the old installations. The Cabezo Rajao 

(Manteca and Ovejero 1992) appears as a curious NW trending geological object 

shaped as an upside down wrecked ship’s hull, cropping out within a plain to the 

west of La Unión. “Cabezo” is a local name applied to an isolated hillock, whereas 

“rajao” means “cut”; thus Cabezo Rajao means cut hillock (i.e. a hillock with an 

elongated incision) (Fig. 54, 55). The Cabezo Rajao is a trachyandesitic 

subvolcanic dome with associated felsic pyroclastic rocks. The subvolcanic plug 

breaks through Miocene sediments and older rocks; the ores are of the sulfides-

carbonates-silica type and occur as NNW-SSE veins in the subvolcanic rocks and 

as veinlets, disseminations and replacements in the border zones (Oen et al 1975). 

Fig. 54: Cabezo Rajao (left) and Cabezo Agudo (right). 

 Fig. 55: Left, schematic section of Cabezo Rajao (adapted from Manteca and Ovejero 1992). 

Right, complex array of veins and barren fractures inside the Cabezo Rajao outcrops. 
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3.3.2 The mining works and what is left today 

The incision along the Cabezo Rajao hillock is the result of old mining works along 

the La Raja vein, which had a length of about 600 m and a depth of 400 m, with a 

variable thickness between two and 14 meters, and about four meters on average. 

The abundance of supergene alunite, a mineral also known as alum stone, gave 

rise to an important mining activity, being a substance of great relevance in past 

centuries for the textile industry since it was used to fix the colors in the clothes. 

The Cabezo Rajao ore also stands out for its high content in silver, with an average 

of about 2 kg Ag per ton of Pb. The Cabezo Rajao has a great industrial heritage 

interest due to the existence of historical elements in the area, including old mining 

machinery. However, the state of conservation is poor (Fig. 56) because of 

neglection and the constant robbery of the remains of the old machinery in the 

mining facilities. The sector is privately owned although the access is normally free; 

there is a low influx of visitors but the site is indeed worth a visit. 

Fig. 56: Left, the old flotation plant (in very poor state of conservation). Right, a head frame. 
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4.1 A brave NIMBY world 

Mining is like a search-and-destroy mission (S. Udall). Ban mining, let the bastards freeze in the dark. 
(Anonymous). 

4.1.1 About the peculiarities of an industry almost unknown to the people 

Our western society has antagonistic views regarding mining (Fig. 57, 58), 

exemplified occasionally by exaggerated or plainly insulting phrases such as those 

under the title of this chapter (see above). 

Fig. 57: There are those who strongly oppose mining and the NIMBY (Not-In-My-Back-Yard) 

people that do not oppose mining providing that it takes place somewhere else. Top left: Stuff 

(2013), top right: Huffpost 2016); bottom left: Lewis (2012), bottom right: Independent Australia 

(2012). 

4. MINING AND THE

ENVIRONMENT: COMPLEX 

RELATIONSHIPS 
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But, what do we “really know” about mining? Does mining causes damage to 

people and the environment irreparably? and if so, why do we continue mining? 

Fig. 58: There is also the vast majority in our western society, who fully embraces technology. 

The problem is: without mining we cannot have that technology. Image: News (2017). 

In fact, if you take mining out of the equation, you are back to square one, living in 

caves or huts once again. The point is how to achieve the required equilibrium 

between development and preservation of the environment. In this respect, is there 

any room for environmental improvements and even indications of sustainability in 

the mining industry? We will try to briefly shed some light on these matters. 

4.1.2 What makes mining so different? 

There are three main reasons that make mining a peculiar industrial activity: 

 The “localized value” of mineral deposits, that is, a deposit can be exploited

only in the place where it is located. It seems obvious, but sometimes it is

forgotten that if mercury was exploited in Almadén (Spain) it was only

because “there” and not in any other place were the largest deposits of this

metal; in the same way, if copper and molybdenum are exploited in

Chuquicamata (Chile), it is because “in that place” there are reserves of

these metals with enough entity for this exploitation to deliver an economic

benefit.
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 The second factor that makes mining unique is the “temporality” of the

exploitations. A deposit is exploited while it has “economic reserves”, that is,

sufficient amount of mineral or rock, and of sufficient quality, so that

exploitation generates an economic benefit that makes it viable. When this

stops happening, due to the exhaustion of the reserves, because the quality

of the extracted ore decreases, or even due to circumstances of the market

of that product (decrease of its demand and therefore of its price), mining

ceases to exist.

 The waste generated by mining activity (Fig. 59) is immensely larger than

the economic products it generates. In the case of copper mining from a

deposit with 1% Cu, of one ton of mineralized rock, only 10 kg of copper will

be extracted. This means that 990 kg will go to waste dumps. And this is not

really bad, think of a gold deposit, with grades in the order grams per ton.

Fig. 59: Mine wastes, they grow and grow … (van Zil et al 2016). 

There are additional related problems. First, the 

high exploration costs in which companies have 

to incur in order to find an economic ore 

deposit. Second, that having an economic ore 

body is not enough. Maybe a deposit cannot be 

exploited due to its location and geopolitical 

setting (e.g. remote conflictive area, long lasting 

war zone, etc.) or environmental issues 

(protected area); and third, what to do with the 

huge amount of mining waste generated by the 

extraction and the processing of minerals.  

… Over the same period, the industry has
seen a gradual decrease in ore grades for 
many mineral commodities. As a result, 
large volumes of tailings and mine waste 
rock are being produced around the world, 
and it is expected that the annual production 
volumes of these materials will increase, 
even if there is not a significant change in 
the demand for materials … 

van Zil et al. (2016) 
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Why waste is important? Because waste occupies large spaces and is potentially 

dangerous from a physical and chemical point of view. Mining waste derived from 

metallic mining is an environmental hazard and as such it has to be evaluated in 

terms of the actual risk. We should add additional hazards such as those generated 

by the smelters in mining complexes. In this regard, both the gases and associated 

air particulate that comes out of the chimneys can have serious consequences for 

the health of those who live nearby. 

Having said all this, let us stress the following idea. Mining is a necessary activity, 

more than necessary (Fig. 60), both for the low-, and high-tech industry. In this 

respect, if we want to develop agricultural lands or fisheries, if we want to live in 

cities and not in primitive settlements, then we need raw materials. For example, 

we need some (mineral) additives for the soil (e.g. fertilizers), we also need 

machinery in the agricultural industry, etc. We need ships to go fishing, and we 

need steel, concrete, bricks to build houses, etc. In addition to these “basic” needs, 

there are others that we have to cover such as electric energy, health, education, 

etc., all this in a world where the population is in continuous growth. For example, 

even the most “Eco Friendly” cars such as the electric models need huge amounts 

of metals, for both the car and the batteries. What about the “beloved” mobile (cell) 

phones? They wouldn’t even exist. 

Fig. 60: Chemical elements in technology: evolutionary trend. Adapted from Phys.org (2015). 

The truth is that the needs to be covered include a very long list of raw materials 

that are extracted from the Earth. Let us put it this way, everything that is not 

cultivated, hunted or fished must be obtained through mining. These raw materials 

have to be extracted and treated through more or less complex physical and 
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chemical processes. For example, copper is extracted from a mine in the form of 

minerals containing this element, that is, copper does not come alone but 

chemically linked to other elements that must be separated. One of the most 

common copper minerals is chalcopyrite, which has the following composition: 

CuFeS2. In this regard, a bit of sulfur will be liberated to the atmosphere in the form 

of SO2 during the smelting of copper sulfides. However, this is an increasingly more 

controlled process, and the quantities of SO2 emitted are progressively less 

important. Why do we mine and refine copper? Because every time we enter a 

room and turn on the light, or start the car engine (whether electric or diesel), when 

we turn on the computer, etc. electricity comes through “copper” wires. This is just 

one example among thousands. Let us put it this way: if we remove the metals from 

the equation, our society (as we understand it today with its technological 

advances) disappears. We would return to the Early Holocene. 

The good news is mining has greatly improved its relationship with the environment 

in the last thirty years or so. In addition, the mining industry has made an important 

and sincere effort to become a “sustainable” activity (Fig. 61).  

Fig. 61: The bases for sustainable mining. Adapted from Oyarzún and Oyarzun (2011). 
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Thus, the basic idea here is how to transform “problems” into “opportunities”, to 

improve things for all the stakeholders (local communities, companies, and 

regulators) and the environment. In this respect, the ground rules (for something 

like this to happen) have to be based on the idea that sustainability has to satisfy 

the economic needs of the mining company, the social development of the local 

communities, and of course, the environmental protection of the area (Fig. 61). In 

this respect, the mining of a mineral resource has to give rise to long term benefits 

(environmental and/or social and/or economic) for the local communities, and these 

benefits must equal or exceed the values that existed prior to the exploitation. 

In this regard, Mazarrón and La Unión were part of a past in which there were “no 

rules” concerning the environment (and no rules either regarding social needs). 

Once the exploitable mineral (with economic 

benefits) was finished, the mining company left 

the site, leaving behind mining wastes and a 

complex chemical legacy. In this context 

Mazarrón and La Unión are very important 

because they are a reminder of what went 

wrong and why. However, beyond the 

environmental legacy, the districts also offer a 

unique opportunity to understand the geology, 

mineral deposits, and industrial heritage as no 

other place in SE Spain can. Because of this 

reason, we are happy that at least the La Unión 

district has now some legal protection (Asset of 

Cultural Interest, within the category of Historical 

Site).  

We support the views of the group Friends of 

Canadian Geoheritage (Donaldson 2005), 

whose interests extend to stone in heritage 

buildings, distinctive features in road cuts, 

quarries, and abandoned mines, as well as the 

cultural history of such sites. This group and the 

Canadian Geoheritage Committee propose that geoheritage sites should: 

1. Expose a unique or critical record of natural history.

2. Contribute to understanding the natural history of the region.

3. Be scientifically important, or of significant educational utility.

Dusty brown mountains surround Torreón, a 
big industrial city in the north of Mexico. But 
one sandy desert hillside shines jet-black. 
The cerro negro (“black hill”), as it is known 
locally, is composed of deposits from Latin 
America’s largest non-ferrous metal smelter, 
which has blackened the air for more than a 
century. The plant has created not just an 
ugly slag heap but a public-health problem 
whose true extent is still unknown. The 
smelter, owned by Met-Mex Peñoles, part of 
a big Mexican mining group, ran without a 
roof from 1901 until 2000, blanketing the 
surrounding area with layers of fine black 
powder. That mattered less when the 
smelter was isolated in the desert. But in the 
1970s Mexico’s government sold plots of 
land it owned next to the plant for housing. 
Even then, the dirt was seen as an 
inconvenience, outweighed by the jobs that 
the plant brought. But in 1998 Manuel 
Velasco, a local paediatrician, noticed a 
pattern among his patients. Many children 
had more than 60 micrograms of lead per 
decilitre of blood, six times the level that the 
Centres for Disease Control (CDC), an 
American government agency, says should 
prompt public action. “After the fourth case, 
I knew something was very wrong,” Dr 
Velasco says. 

The Economist (2011) 
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4. And offer distinct esthetic and cultural values.

Based upon these ideas, both Mazarrón and La Unión qualify for protection and 

preservation. However, this does not mean that the chemical and physical hazards 

present in both districts should not receive attention from the authorities, particularly 

regarding “lead”. Oyarzún and Oyarzun (2011) show a remarkable example on lead 

poisoning, typified by the Bunker Hill smelter in Idaho (Coeur d'Alene Mining 

District). In 1973, the chimney filter system stopped working during a period of high 

lead prices, but the executives of the company preferred to continue operations 

contaminating the atmosphere with lead particulate. It is unknown whether they 

actually knew that the lead particulate was going to cause severe neurological 

damage (as it actually happened) to the population, in particular children, more 

susceptible to the effects of this toxic element. A similar case (Met-Mex Peñoles; 

Mexico) is shown in the box above. Landslides (from waste rock dumps) and 

mudflows (from tailings deposits) are also to be considered at La Unión and 

Mazarrón. In fact, in 1972 a mudflow from the tailings impoundment near Brunita pit 

flattened the Nuestra Señora del Rosario Cementery (Conesa García 1990). 

4.2 The environmental complexities of Mazarrón and La Unión 

4.2.1 Disaster area 

The number and size of environmental disasters related to mining in Mazarrón and 

La Unión is so large that at least two full books could probably be written about 

them. In this regard, the environmental hazards related to these districts can be 

grouped into two categories, physical and chemical. Physical hazards are provided 

by the truly large number of abandoned waste rock piles and tailings deposits, 

which are constantly subjected to erosion processes and removal. To this category 

we should also ascribe a large number of abandoned open pit mines that due to 

their poor state of conservation pose a danger for those who may trespass the 

precincts and get in. In turn, chemical hazards are here provided by the in-situ 

oxidation of sulfide ore in the abandoned open pits, mine wastes, tailings, and the 

aerial (mineral) particulate blown by the winds from the abandoned pits and waste 

deposits. Mineral concentration (either by gravity or froth flotation) was never truly 

efficient, therefore the tailings contain high concentrations of lead, zinc, and arsenic 

in the form of sulfide minerals that are being subjected to oxidation and metal 

leaching. 
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4.2.2 A brief account of highly polluted sectors 

Several sites (among “many” more) deserve our special attention within this 

environmentally impoverished scenario: 

 San Cristóbal – Perules and Pedreras Viejas (Mazarrón).

 Cabezo Rajao (La Unión).

 Portmán and El Gorguel (La Unión).

But before we provide the reader with data on metal concentrations from different 

polluted sites, let us first indicate what are regarded as “normal (background) 

concentrations” of Pb, Zn, As, and Cd in non-contaminated soils (worldwide): 

Data in μg g−1 (ppm) 

1. San Cristóbal – Perules and Pedreras Viejas (Oyarzun et al 2011; Martín Duque

et al 2015) (Fig. 62). These mine clusters are located in the southern realm of a 

Miocene marine basin surrounded by mountains in its western, eastern and 

southern flanks. A main seasonal river (Rambla de las Moreras) crosses the basin 

from North to South and is strongly affected by contaminated sediments from the 

San Cristóbal – Perules mining site. The mine tailings are extremely rich in Pb 

(mean = 12,400 μg g−1) and Zn (mean = 6100 μg g−1), whereas As concentrations 

are also very high (mean = 650 μg g−1). The geochemical survey also covered 

anthropic soils, stream sediments and the so-called almagres deposits (red alum 

calcines). All these environmental matrices have also very high concentrations of 

Pb, Zn, As, and Cd compared to world baseline concentrations. The calcines are 

very rich in As (mean = 450 μg g−1), whereas the anthropic soils are very rich in Pb 

(mean = 2550 μg g−1) and Zn (mean = 1870 μg g−1). On the other hand, the 

seasonal river Rambla de las Moreras receives contaminated sediments from the 

San Cristóbal – Perules old mining site and mine wastes, which results in high 

concentrations of As (mean = 120 μg g−1), Pb (mean = 2700 μg g−1) and Zn (mean 

= 1090 μg g−1) in the sediments. These high concentrations of dangerous 

contaminants in an area close to a town of 35,000 inhabitants and adjacent to 

significant agricultural activity may pose a risk to human health. 

Pb Zn Cu As Cd Reference 

Soils 30 60 25 0.35 Callender (2004) 
Soils 5.8 Alloway (2005) 
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Fig. 62: Summary of environmental hazards in the San Cristóbal – Perules area. Note the change 

in colour (light grey to reddish) along Rambla de las Moreras from A to B as tailings and calcine 

materials become incorporated to the stream sediments. SCP: San Cristóbal–Perules. 

Agricultural Lands (AL): past or present activity (Oyarzun et al 2011). 

Besides, this scenario also implies hazards related to the geomorphic instability of 

the tailings deposits. A study of the El Roble dam (Martín Duque et al 2013) yielded 

an erosion rate (1968–2009) of 151.8 Mg (metric tons) ha−1 y−1, which matches well 

typical values for erosion of mined areas, commonly above 100 Mg ha−1 y−1. 

2. Cabezo Rajao (Navarro et al 2006, 2008). This site raises environmental

concerns very similar to those of Mazarrón. In both cases the mining developed on 

top of hills and the wastes were disposed on their slopes or in the immediate 

surroundings (as tailings or rock waste deposits) (Fig. 63). In the same way, the 

concentrations of metals are extremely high in samples of sediments or slag heaps 

immediately to the northwest and south of the hill (samples CR13 to 15 of Navarro 

et al 2006):  

Data in μg g−1 (ppm) 

Sample Type Pb Cd As 

CR13 Stream 3936±99 102±2 318±12 
CR14 Slagheap 1130±32 3.2±0.1 55±2 
CR15 Slagheap 3274±85 46±1 179±5 
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A major concern here is that the southwest slope of Cabezo Rajao is used as a 

vegetable growing area (Fig. 63). 

Fig. 63: Top, the Sierra de Cartagena (= Sierra Minera) with rock wastes (RW) and tailings (TD) 

from Brunita mine; photo taken from the Cabezo Rajao, looking southeast. Bottom, cultivated 

lower slopes of Cabezo Rajao (December 2009). 

3. Portmán and El Gorguel (Oyarzun et al 2013; Martínez-Sánchez et al 2014).

Portmán (Fig. 64-66) is one of the most outstanding cases of mining-related 

pollution and coastal modification induced by man in human history. From the late 

1950’s onwards the Sociedad Minero Metalúrgica Peñarroya España (SMMPE) 

began open pit mining operations, which led to the generation of large volumes of 

RW 

TD 

RW 
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rock wastes and tailings deposits. The SMMPE built a mineral concentration facility 

by froth flotation (the so called Lavadero Roberto) adjacent to the town of Portmán, 

a sea-side location surrounded by mountains. Given that two minerals had 

economic interest (galena: PbS and sphalerite: ZnS), the process involved 

differential flotation, in which first galena and then sphalerite concentrates were 

generated. Additionally, the SMMPE devised a final flotation step to remove pyrite 

from the initial tailings, although the process proved to be inefficient due to complex 

textural features and incipient oxidation of the sulfide grains. This removal had no 

environmental meaning but an economic one: the use of pyrite for the production of 

sulfuric acid. 

Fig. 64: The Portmán scenario. A: Main physiographic, urban, and industrial features of Portmán. 

B: The direct discharge of slurries from the froth flotation plant (Lavadero Roberto). C: The 

Portmán bay as it was in the early days of the 20th century. Adapted fom Oyarzun et al (2013). 
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Fig. 65: The aspect of Portmán Bay in August 2017; the area inundated (La Verdad 2017) by the 

sea is where the tailings from the Roberto flotation plant were deposited and consolidated (see 

above). It is not clear whether the removal of the sands and metal rich materials from the flotation 

plant is not going to generate a bigger problem regarding pollution dispersal than the initial one 

(see Oyarzun et al 2013). 

For today's environmental standards the solution SMMPE found may sound 

inconceivable, but by the mid 1950s this was regarded a practical one, and 

consisted in the disposal of the tailings directly to the ocean using a pipeline. As a 

consequence of this action the bay and the shipping port eventually disappeared. 

All this was done under the legal permission from the pertinent authorities from 

1957, although by 1988 and after realizing that the actions may have disastrous 

environmental consequences, the government revoked the authorization giving 

nevertheless a grace period that extended the operation well into 1990. 

In this respect, between 1957 and 1990 about 57 million metric tons of tailings from 

the Lavadero Roberto were pumped directly into the bay, leaving behind 

hazardous, artificial soils and sands, and moving the shoreline 500–600 m to the 

sea. 

Four samples from the materials infilling the bay yielded the following results 

(Martínez-Sánchez et al 2014): 

Pb Zn Cd As 

1298-4738 3601-11,106 0.44-24.3 334-503 

Range for the four samples, data in μg g−1 (ppm) 
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Fig. 66: Mineral concentration flow diagram of operations adapted to Portman case. AMD: acid 

mine drainage. Pyrite flotation from the tailings never worked well due complex mineral textures 

and incipient oxidation of the sulfide grains. Oyarzun et al (2013). 

On the other hand, El Gorguel (adjacent to Portmán) (Fig. 67, 68) is a sink for 

materials from old rock wastes and tailings. It is a narrow ravine directly connected 

to the old San José mine. A quick inspection of images of the area allows detection 

of the typical colors of the oxidation of sulfides, with brown and ochre tones. In this 

regard, the San José Mine directly drains acid drainage into the stream. 
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Fig. 67: Top, location of Portmán, El Gorguel and old open pit mines. Bottom, tailings belonging 

to different mining periods along the El Gorguel ravine. AMD: Acid Mine Drainage. 

All this, which in itself is serious, is more so because both El Gorguel and Portmán 

are directly connected to the sea. In this respect, as shown by ecotoxicological 

studies, sea life around Portmán is indeed affected by the leaching of metals. For 

example, compared to other sectors of the Spanish Mediterranean coast, fishes 

(e.g. Mullus barbatus) from Portmán accumulate the highest concentrations of Hg, 

Pb, and As (Martínez-Gómez et al 2012), whereas mussels (Mytilus 

galloprovincialis) have the highest concentrations of Pb, Cd and Hg in the 

Mediterranean coast of Spain (Fernández et al 2010). 

1 km 

El Gorguel  

San José pit (AMD) 

Brunita pit (AMD) 

Tomasa pit 

San Valentín  pit 

Portmán 
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Fig. 68: Acid mine drainage (AMD) derived from the San José Mine. The white materials are 

sulfates, resulting from the oxidation of sulfides.  

See this area below 

Bench face 

Sulfates 

AMD 

Sulfates 

AMD 
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Pavetti et al (2006) found the following concentrations of Cu, Pb, and Zn in soils 

close to the seaside (~ 50 m) at El Gorguel: 

Sample Cu Pb Zn 

R0 1050 1949 6747 
R0d 155 2263 20,388 
R0i 539 2063 8950 

Data in μg g−1 (ppm) 

Although these high concentrations correspond to total metal (soluble + insoluble) 

and the soluble part is just a small fraction of the total, we have to stress the fact 

that mineral particulate can, and must be regarded as a hazardous material. 

Regarding this matter Sánchez Bisquert et al (2017) indicate that: “it is understood 

that particulate matter in the atmosphere from metallic mining waste has adverse 

health effects on populations living nearby. Atmospheric deposition is a process 

connecting the mining wastes with nearby ecosystems. Unfortunately, very limited 

information is available about atmospheric deposition surrounding rural metallic 

mining areas”. They go further stating that: “from both an environmental and a 

public health perspective, environmental managers must take into account the 

cumulative effect of the deposition of trace elements on the soil and air quality 

around and within the villages surrounding metallic mining areas”. 

4.3 Mining parks, heritage, and environmental protection 

4.3.1 Geoconservation for abandoned mining districts? 

Some years ago López García et al (2011) made the following question: should 

abandoned mine sites be eligible for some official protection under the umbrella of 

geoconservation? Providing they have enough educational and scientific value, the 

answer is affirmative, and we suggest that they should be granted protection at the 

level of geoheritage sites (Fig. 69). 

Fig. 69: The Cornish (UK) example on the preservation of a mining past. Cornish Mining World 

Heritage (2017). 
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Some may see mining as an environmental disaster, but others, with a more 

geologically oriented mind, may perceive mining as a blessing. Mining unveils the 

geology, thus allowing a more comprehensive vision of geological features such as 

rock units, faults, minerals, etc. We suggest that if an abandoned mine site or 

district has enough historical and geological value, not only the mining site but also 

the whole geologic block hosting the ore deposits should also be protected. In this 

respect, the Sierra de Cartagena, hosting the Cartagena–La Unión district (Fig. 70), 

is a valuable geological asset where an important chapter of the Alpine and late 

Alpine geologic history of SE Spain is written. 

Fig. 70: The Sierra de Cartagena: past mining operations. López García et al (2011). 

If abandoned mines from Mazarrón or Cartagena–La Unión are to be regarded as 

potential geoheritage sites, then a sound and wise policy on land reclamation 

should be put into action. Any work should start with remediation measures, 

oriented to the elimination, correction, mitigation, or removal of contaminants from 

the sites that could have adverse effects on the environment or human health 

(López García et al 2011).  

Regarding this matter, Conesa et al (2008) indicate that the need of bringing new 

economic opportunities for abandoned mining sites and their local populations has 

resulted in the creation of a cultural revival; however, these new economic 

potentials must be compatible with the obligation to maintain a low environmental 

risk in sites where the heavy metal concentrations are very high.  

In this respect, the digital newspaper La Verdad (García Abadía 2017) published 

the information that children from the Llano del Beal locality (adjacent to the 

abandoned Sultana pit) (Fig. 70) had anomalous levels of heavy metals. For 
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example, the limit to declare lead as toxic is 0.60 milligrams per kilo and all hair 

samples of schoolchildren (92 children) "exceed" that limit. Besides, the top of 

arsenic is 0.15 micrograms per gram of creatinine and most urine tests exceed that 

value. 

4.3.2 Mining and sustainability: Catch 22? 

One of the authors (RO) talked years ago with an engineer from Holcim Spain 

(Holcim Group Ltd) about the extraordinary environmental work that the company 

carries out in the El Puente gravel pit, near Aranjuez (Madrid) (Fig. 71). That 

engineer told him that Holcim did not invest in the environment as if it were an 

NGO, but that it did so because, nationally and internationally, it generated prestige 

and recognition that sometimes opened many doors. In other words, investment in 

“green capital” pays back if it is done well.  

Fig. 71: Active (left) and restored (right and below) pits at El Puente in 2006. Man made wetlands 

forming a paradise for the local birds. 
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Do we have to see this as a “demerit” to the environmental work carried out by 

Holcim? Not at all, and perhaps increases it, because seeing together intelligence 

and sustainability brings joy to the day. 

We all know the phrase “the Golden Rule, who's got the gold makes the rules”. The 

question then is: who makes the rules in the countries? We should also seriously 

consider the role played by governments, because if they are not able to ensure 

“the present” to their citizens, what future can they promise for future generations? 

And in that sense, can governments offer signs of sustainability? We can talk about 

sustainability through “controlled” development (as a counterpart to the blind and 

runaway development), of social equity (as a counterpart to the law of the 

strongest), and of the offer of a better future for the following generations (as 

counterpart to the short vision of immediacy). However, to achieve objectives of this 

nature we need laws, and to achieve this orderly society we cannot follow the ideas 

of those who advocate “deregulation”, as if it were a miraculous mantra. In this 

respect, the organized state has a moral obligation to resume a “real” leadership 

that has been systematically losing over the last decades. Countries and their 

citizens cannot afford to advance according to the rules of the free market as if it 

were the only possible answer to everything. Because it is all very well to speak of 

“free market”, but not of “debauchery” as sadly some industrial operations (mining 

in some cases) still show. 

Fig. 72: Rights and wrongs in the mining industry. Left, land reclamation after mining (Newmont, 

2018). Right, acid mine drainage in South Africa (Jamasmie 2016). 

We can be moderately optimistic about mining. Our assessment is based on a 

comparison between what these industries were and what they are today. Any 

dispassionate observer will notice the multiple and beneficial changes that mining 

has undergone for some decades. That problems persist is out of the question, 

although the important thing in this sense lies in the constant improvements that 

continue to be introduced, and especially in the protocols of action in the face of 
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serious problems (Fig. 72). In this regard, someone may think that this chapter 

presents some contradictions, that sometimes approves and in others disapproves 

mining. We hope so, because reality is infinitely more complex than society would 

like to think. Let us remember that behind the simplistic analyses and answers, 

there is always a bit of ignorance and/or concealment of important facts. 
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