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Executive summary 
As part of Task 6.4 under Work Package 6, "Interregional Deployment and Replication to Full EU Scale”, 
this report provides an in-depth analysis of the geological potential and mining viability and presents 
a comprehensive geological and economic analysis of four key regions: Alentejo (Portugal), Castile y 
León, Extremadura, and Andalusia (Spain). Each region present significant opportunities for 
sustainable mining projects that align with the European Union's strategic goal of ensuring sustainable 
mining and resource security. Therefore, such areas have been studied to assess their mining potential 
based on resource availability, historical mining activity, and the feasibility of developing new mining 
projects. The report also considers the extraction of non-ferrous metallic minerals, industrial 
minerals, and ornamental rocks, with a focus on Critical Raw Materials (CRMs) as defined by the 
European Union. 

Key Findings 
• Andalusia: Rich in polymetallic sulphide deposits, especially copper, zinc, and lead, Andalucía 

is the most promising region for large-scale mining. The well-developed infrastructure, 
proximity to markets, and energy availability position it as the most viable area for significant 
mineral extraction. Major mines like Riotinto, Aguas Teñidas, Aznalcóllar and Cobre Las 
Cruces lead the region’s mining efforts. 

• Extremadura: With its lithium and tungsten deposits, Extremadura has high potential for future 
projects, particularly those aligned with the European energy transition. The presence of 
pegmatites and the region's importance in battery technology make it a strategic focus for 
investors, though infrastructure improvements are necessary to fully unlock its potential. 

• Castile and León: Historically known for gold, coal, tungsten, feldspar and slate extraction, 
Castile and León remains competitive in the ornamental stone market. The potential for 
reactivating gold, tungsten and copper projects could boost the region’s contribution to 
strategic mineral supply chains. 

• Alentejo: This region is renowned for its high-quality marble and granite. It also holds high 
potential for polymetallic mineral extraction (Cu, Zn, Pb, and some Au and Ag) in certain areas 
with some relevant operating projects. New mining projects are focused on industrial, 
ornamental stone sectors and a significant emphasis on metallic minerals, specifically Cu, Zn, 
Pb, and Ag, when compared to other regions. 

Geological Overview 
Each region offers distinct geological characteristics. Alentejo is renowned for its marble, limestone 
and granite, while also housing important polymetallic sulphide deposits - Iberian Pyrite Belt, with 
relevant mining activity (Cu, Zn and Pb). Castilla y León has a diverse geological structure with 
significant deposits of gold, coal, and slate, positioning it as a leader in industrial minerals. 
Extremadura has gained prominence due to its deposits of tungsten, lithium, and tin, vital for the green 
energy transition. Andalusia stands out for its historical mining in the Iberian Pyrite Belt, producing 
large quantities of copper, zinc, and lead, and continues to be one of Europe's most productive mining 
regions along the centuries (Jaén, Córdoba and Granada also hosted relevant mining projects for 
several metallic ores in the past). 

Viability and Cost Analysis 
The report provides an extensive cost analysis, comparing operational and environmental costs 
between the regions. Andalusia leads in terms of economic feasibility due to its advanced 
infrastructure and proximity to global markets, reducing logistics costs. Extremadura and Alentejo 
follows closely with its focus on CRMs, while Castile and León demonstrate stable prospects, 
particularly in the ornamental and industrial stone sectors, also of high relevance to Alentejo. 
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Mining Viability Analysis 
Mining viability in each region is assessed through technical, economic, and environmental factors. 
Andalusia is projected to have the highest potential due to its advanced infrastructure, established 
mining operations, and proximity to global markets via Huelva's port. Extremadura and Alentejo also 
present promising opportunities, particularly in polymetallic deposits, despite requiring further 
investment in infrastructure. Castile and León remains competitive with strong local demand for slate 
and other building materials. 

Cost Analysis and Economic Impact 
The cost structures of mining operations vary significantly between the regions. Andalusia benefits 
from economies of scale in its large mining operations, while Extremadura and Castile and León face 
higher operational costs due to logistical challenges. Alentejo, although competitive in cost, must 
continue to leverage its access to international markets, specially facing and solving logistical 
challenges. 

Environmental considerations, including the impact of mining on local ecosystems and water 
resources, are thoroughly assessed, with each region facing challenges specific to its geology, 
geomorphology, and climate. Compliance with EU regulations on sustainability remains a critical factor 
across all regions. 

Conclusion 
The report concludes that while Andalusia offers the most immediate potential for high-return mining 
projects due to its advanced infrastructure and resource base, Extremadura and Alentejo are also 
poised for growth, particularly in the context of critical raw materials. Castile and León, with its focus 
on industrial minerals, offers stability in the long-term with moderate growth potential. 

The diversification of mining activities across these regions will be key to supporting both regional 
economies and broader European resource independence. Logistical needs to facilitate and lower 
costs in exports, allowing the exploration of other markets, are a common challenge for Andalusia, 
Extremadura and Alentejo, that can benefit of a common project to face them. 
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1. Introduction 

1.1 Background 
The mining sector plays an essential role in the global economy, as it provides the critical raw 
materials needed for industries such as advanced and digital technology manufacturing, renewable 
energy, and construction. Behing the basis of digital and green energy transition. In Europe, the 
sustainable supply of minerals and raw materials is vital for industrial and technological development. 
The regions of Alentejo (Portugal), Castile and León, Extremadura, and Andalusia (Spain) stand out due 
to their rich geological features and significant deposits of strategic and critical mineral resources, 
making them central to most industrial value chains for both Europe and beyond. 

The global transition toward greener and more digital economies, driven by the need to reduce carbon 
emissions and promote clean energy, has further increased the importance of these mineral 
resources. The rising demand for critical raw materials such as lithium, cobalt, nickel, and rare earth 
elements, which are crucial for renewable energy technologies and digital infrastructure, has 
underscored the need for sustainable access to these resources. The European Union has identified 
several minerals as essential to ensuring technological independence and economic security, but 
despite this recognition, Europe continues to rely heavily on imports to meet its needs. This dependency 
has prompted policies aimed at strengthening the internal extractive sector and securing the 
continent’s supply chains. 

The regions of Alentejo, Castile and León, Extremadura, and Andalusia offer favourable geological 
conditions for the prospect and exploitation of these minerals, evidenced by both historical and current 
mining projects that showcase the economic potential of these areas. Advances in geology, combined 
with new mining technologies, have enabled the exploration and exploitation of not only metallic 
minerals but also industrial minerals and ornamental stones, all of which are critical to various 
industrial applications and European value chains. Moreover, these regions boast a well-established 
mining industry that has been integral to their economic and societal development for decades. 

However, the mining sector in these regions faces several challenges, including the need to adhere to 
strict environmental and social regulations while ensuring the profitability of projects. EU policies, 
such as the European Green Deal, add further pressure on the mining industry to contribute to climate 
neutrality. At the same time, the global energy crisis has intensified the urgency of diversifying sources 
of critical minerals, positioning the sustainable extraction of resources from these regions as a key 
factor in ensuring a secure supply of raw materials at both national and European levels. 

1.2 Target of this report 
The main objective of this report is to conduct a comprehensive geological analysis of the selected 
regions and assess the economic and environmental feasibility and potential for developing mining 
projects in these areas. The report covers both the geological potential and the economic, technical, 
and environmental factors affecting the exploitation of mineral resources in these regions. 

This analysis will focus on three categories of mineral resources: 

• Non-ferrous metallic minerals, such as copper, zinc, tungsten, and lithium, which are essential 
for the technological and energy industries. 

• Industrial minerals, such as quartz, feldspar, calcium carbonate and clays, which are crucial 
for the construction industry and other productive sectors. 

• Ornamental stones, including marble, limestone, slate, and granite, which are widely used in 
architecture and design. 

Additionally, special attention will be paid to critical raw materials according to European Union 
criteria, which are vital for advanced technologies and whose sustainable exploitation could 
strengthen the continent’s strategic autonomy. 
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Therefore, this report aims to provide policymakers and investors with a tool to make informed 
decisions about the future of mining in these regions. It also seeks to offer an assessment of the costs, 
risks, and benefits associated with the exploitation of mineral resources, with particular attention to 
environmental sustainability and compliance with European regulations on environmental impact and 
sustainable development. 

1.3 A Brief Introduction to the Target Regions 
• Alentejo (Portugal): This region is characterized by an abundance of ornamental stones, 

particularly marble, which has been exploited since ancient times and holds significant 
importance in the construction industry. Its geology is dominated by Paleozoic and Mesozoic 
formations and contains important polymetallic sulphide deposits, especially in areas such as 
the Iberian Pyrite Belt, where minerals like copper, lead, zinc, and other metals are found and 
mined. Alentejo has garnered attention not only for its mining history but also for its potential 
to develop new deposits critical for modern industry, particularly in the context of critical and 
strategic minerals. The region also benefits from a low population density, which offers 
opportunities for large-scale mining projects with reduced social conflict risks. The mining 
industry has thrived in Alentejo since the Roman period, forming a cornerstone of the region's 
economy and societal growth for centuries. This long-standing tradition underscores 
Alentejo's role as a well-established hub for mining, crucial to both local economic stability 
and community development. 

• Castile and León (Spain): As Spain’s largest autonomous community, Castile and León boasts 
vast geological diversity. The region encompasses areas large Hercynian domains, Mesozoic 
chains and Tertiary basins, with significant deposits of metallic minerals, coal, ornamental 
stones and industrial minerals. Notable gold deposits have been exploited since Roman times. 
Although coal mining was historically a key economic sector, it has declined in recent years. 
Nevertheless, the region remains rich in industrial and metallic minerals, with developing 
projects targeting new lithium, cobalt, and other critical technology-related deposits. The 
existing infrastructure network facilitates the transportation and export of extracted 
resources. In terms of sustainability, the region has implemented strategies to balance mining 
activities with environmental conservation, adhering to the strictest European regulations. 

• Extremadura (Spain): Extremadura stands out for its significant deposits of tungsten, tin, 
lithium, and rare earth elements, essential for the technology industry. The La Parrilla 
tungsten mine and the Aguablanca nickel-copper mine are two of the region’s most notable 
operations, currently resuming activity. The region has gained recent attention due to the surge 
in demand for minerals critical for clean energy, especially lithium, vital for electric vehicle 
batteries. Extremadura shows great potential in this regard, attracting significant investment 
for the exploration and exploitation of strategic minerals, making it a focal point for sustainable 
mining projects. Additionally, the region is rich in ornamental stones such as granite and slate, 
which are exported internationally. 

• Andalusia (Spain): Mining in Andalusia has a millennia-old tradition, with the Iberian Pyrite 
Belt being one of the richest mining areas in Europe. Copper, zinc, lead, and other polymetallic 
sulphide deposits have been exploited for over 5,000 years. Today, it remains one of Spain’s 
leading mining regions, particularly noted for its contribution to the export of metallic minerals. 
Andalucía also hosts important marble, granite, and other ornamental stone quarries, making 
it a strategic hub for both metallic mining and the construction industry. Industrial minerals 
such as gypsum (CaSO4), fluorite (CaF2), and celestine (SrSO4) are also significant in the region. 
Additionally, Andalusia boasts a well-developed infrastructure network that facilitates the 
transportation of minerals to international markets. 

1.4 Importance of the Mining Sector in the Target Regions 
The mining sector is vital for the economies of these four regions, not only for job creation and 
economic growth but also for its impact on industrial development and environmental sustainability. 
Alentejo, Castile and León, Extremadura, and Andalusia possess strategic resources that are 
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increasingly demanded in a global context where the transition to clean energy and digital technologies 
requires a constant supply of critical minerals. 

Metal mining in Andalusia and Extremadura has positioned Spain as one of Europe’s leading producers 
of copper, zinc, and lead, essential for the construction, automotive, and electrical industries. Castile 
and León stands out by its production of roofing slate and has historically been a coal mining center, 
but the focus has shifted to more sustainable minerals with greater international demand, such as 
lithium and other industrial minerals. 

In Alentejo, high-quality marble is internationally renowned, while current metallic mineral and 
industrial rock deposits promise sustained growth in the medium to long term. The sustainable 
development of these resources is a key challenge to ensure Europe’s resilience and supply security, 
especially given the growing global demand and risks associated with dependency on third countries. 

2. Geological framework of the target regions 

2.1. Alentejo (Portugal) 

2.1.1. General geological description 

The Alentejo region, located in southern Portugal, is a vast geological area with a diverse range of 
geological formations. Geologically, Alentejo is situated in the southern extension of the 
Hesperian/Hercynian Massif, one of the largest geological structures on the Iberian Peninsula. This 
region is primarily composed of Paleozoic and Mesozoic rocks, featuring significant tectonic 
structures, including faults and folds, which influence the distribution of its mineral resources. 

One of the most notable geological features in Alentejo is the Iberian Pyrite Belt (IPB). This formation, 
extending from southwestern Portugal into Spain, is one of the world’s most important metallogenic 
provinces, known for hosting large polymetallic volcanic massive sulphide (VMS) deposits rich in 
copper, zinc, lead, silver, and gold. Additionally, other geological units such as the Volcano-
Sedimentary Complex and the Phyllite-Quartzite Group play a fundamental role in mineral resource 
formation. 

The VMS deposits are one of the most important districts for this type of deposit in the world. The IPB 
constitutes a strip around 240 km long and 35 km wide that runs through the provinces of Sevilla and 
Huelva in Andalusia, Badajoz in Extremadura, and Beja and Setúbal in Alentejo. In the IPB located in 
Portugal is in the tectono-stratigraphic unit called South Portuguese Zone. 

The terrain shows a high degree of variability in its lithological characteristics, including clastic 
sediments, carbonates, and volcanic materials, which have contributed to the formation of various 
mineral deposits. In the westernmost parts of Alentejo, Mesozoic carbonate rocks predominate, while 
Paleozoic formations, closely associated with mineralization, dominate the inland areas. 

The region is also traversed by tectonic structures that have contributed to mineralization processes. 
Notably, the Hercynian/Variscan Orogeny played a crucial role in shaping Alentejo’s current geological 
structure, creating conditions favourable for the formation of mineral deposits throughout various 
phases of tectonic and volcanic activity. 

2.1.2. Present mineral resources 

Alentejo is rich in a wide variety of mineral resources, with notable production in three main 
categories: metallic minerals, industrial minerals, and ornamental stones. 

Metallic Minerals 

• Polymetallic Sulphides: The massive sulphide deposits of the Iberian Pyrite Belt are 
particularly rich in copper, zinc, lead, and to a lesser extent, gold and silver. These deposits 
have historically been exploited for their high non-ferrous metal content, making this one of 
the principal mining areas in Europe. 
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• Gold and Silver: There are zones of gold and silver mineralization, primarily near the IPB, 
where gold has been found disseminated in volcanic and sedimentary rocks. These zones are 
linked to hydrothermal processes. 

• Copper: This is one of the main resources exploited in Alentejo, particularly in mines like 
Neves-Corvo and Aljustrel, located in the southwestern area, and it is a key resource in the 
region. 

Industrial Minerals 

• Clays and Feldspar: These industrial raw materials are exploited to produce ceramics and 
other construction materials. Alentejo is a significant producer of high-quality clays used in 
both traditional and modern ceramic industries. 

• Limestone: In Setúbal, the SECIL company's industrial complex exploits calcium carbonate to 
produce grey cement. This cement is used to produce concrete, and it's recommended for 
major engineering works such as dams. 

Ornamental Stones 

• Marble: Alentejo is one of the world's leading regions for marble production, particularly in the 
areas of Estremoz, Vila Viçosa, and Borba. Alentejo marble is renowned for its high quality and 
beauty, widely used both in national and international markets. This marble has been exploited 
for centuries and remains a key resource for the region. 

• Granite and Limestone: Significant granite and limestone quarries are also found, used in 
construction and for decorative products. 

2.1.3. Mining history and background 

Mining in Alentejo has a long tradition dating back to Roman times. During antiquity, the Romans were 
the first to exploit the region’s rich marble and metal deposits. The Iberian Pyrite Belt was already 
known at that time for its wealth of metals such as copper and lead, which were used to mint coins 
and create other tools. But also, some gold and silver. Although mining techniques were rudimentary 
compared to today, they allowed for significant exploitation of mineral resources. 

In the 19th century, mining in Alentejo experienced a resurgence, with the reactivation of several mines, 
particularly in the IPB. During this period, the region became an important producer of copper and 
other non-ferrous metals for the growing European industry, particularly England, which required 
large quantities of these metals for its Industrial Revolution. Leaving behind large mine tailings and 
abandoned mines, that can be of large importance today with the available technology. 

Today, mining in Alentejo has undergone modernization, adapting to the new demands of the global 
market. The Neves-Corvo and Aljustrel mines, are one of the region’s most important projects, has 
been crucial for both the local and national economy. These mines, which primarily produces copper 
and zinc, is one of the largest mining projects in Europe and is notable for adopting modern 
technologies and sustainable extraction methods. 

Additionally, the marble industry has continued to be a pillar of the local economy. Alentejo’s marble 
quarries are internationally renowned, and their products are used in architectural projects worldwide. 
However, the marble industry also faces challenges related to waste management and environmental 
preservation, due to the large amounts of material discarded during the extraction and transformation 
processes. 

Serra da Arrábida is a mountain range constituted by limestone outcrops elevated by the Alpine 
Orogeny. This relief extends approximately 30 km in an east-west direction, being dominated by folds 
trending ENE-WSW, which presents ductile deformation pattern associated with adjacent. One of the 
largest quarries in Portugal is set in Serra da Arrábida, on the Setúbal peninsula. This concession is 
currently being operated by SECIL. Serra da Arrábida also hosts ten other limestone quarry 
concessions for the construction and engineering industries. 
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In recent years, interest in mining in Alentejo has grown due to the rising demand for critical raw 
materials, such as Cu, Zn, Pb, and Ag. These minerals could be found in VMS deposits like Lagoa 
Salgada. 

Lagoa Salgada is a deposit in Alcácer do Sal, constituted by numerous sulfide mineralizations massif 
covered by a thick Cenozoic layer of the Sado Basin. This mineralization was subjected to tectonic 
stress followed by anticlinal and synclinal folds verging to SW that were subjected to fragile stress 
visible by conjugation of faults. These sulfide mineralizations massif are part of one of the most 
important VMS metallogenic provinces. This deposit has Zn, Cu, Pb, Sn, Au, and Ag mineralizations. Its 
structure is controlled by a tectonic thrust trending NNW-SSE. 

2.2. Castile and León (Spain) 

2.2.1. General geological description 

Castile and León is a geologically diverse region that encompasses a wide variety of geological 
formations, ranging from the Precambrian to the Quaternary. Its geology is dominated by three major 
geological units: the Iberian Massif, the Alpine Chains, and the Duero Basin. 

The Iberian Massif consists of Precambrian and Palaeozoic rocks that have undergone tectonic, 
metamorphic and magmatic processes during the Variscan orogeny. This area is predominantly made 
up of metamorphic and magmatic rocks, including slates, schists, quartzites, and granites. These rocks 
contain numerous signs of mineralization, particularly metals such as gold, iron, tin, and tungsten, 
among others, as well as the layers of roofing slates and the main carboniferous basins. 

The Alpine Chains, including the Cantabrian and Central System ranges, were formed during the Alpine 
orogeny of the Cenozoic. These mountains, which involves the Iberian massif as well as Mesozoic 
materials, are a testament to the tectonic uplift that created a series of geological structures favorable 
for the formation of mineral deposits. These areas contain deposits of industrial minerals, such as 
china clay, and even hydro carbides. 

The Duero Basin, a large depression covering most of central Castile and León, is primarily composed 
of Tertiary and Quaternary sediments. This basin and some smaller ones are rich in detrital materials 
and has been an important source of industrial minerals, especially clays, gypsum, feldspar sands and 
aggregates, which have been used in construction and the ceramic industry, as well as secondary gold 
deposits exploited in Roman times. 

Overall, the complex geology of Castile and León has resulted in a wide variety of mineral resources 
that have been exploited throughout history and remain fundamental to the region's economy. 

2.2.2. Present mineral resources 

The mineral resources of Castile and León are diverse and divided into metallic minerals, industrial 
minerals, and ornamental rocks, reflecting the geological diversity of the region. 

Energy minerals 

• Coal: Castile and León has historically been one of Spain’s most important coal-mining 
regions, particularly in the El Bierzo and Laciana Mining Basins. Despite the decline in coal 
demand in recent years and the national government’s policies, coal remains a relevant 
resource for the local industry. 

• Uranium: there are deposits of uranium in the province of Salamanca, some of them exploited 
in the past, although its extraction is currently restricted due to legislative limitations. 

Metallic Minerals 

• Gold: Gold mining has been an important activity in Castile and León since Roman times. Gold 
deposits are mainly found in the mountainous northwestern areas, such as Las Médulas, an 
ancient Roman mining complex declared a World Heritage Site. 
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• Copper and Zinc: There are mines and signs of copper and zinc mineralization in several areas, 
such as the Cantabrian Mountains, where these metals have been mined in deposits associated 
with sedimentary rocks. 

• Tin and Tungsten: In parts of the Iberian Massif, mainly in Salamanca and Zamora provinces, 
tin and tungsten deposits have been exploited and still tungsten is exploited in the 
Barruecopardo mine. These strategic metals have seen high demand in the military and 
electronics industries. 

Additionally, there are important deposits of iron, partially exploited, and some interesting minor mines 
of critical raw materials such as cobalt, nickel, arsenic, antimuonium, baryte and fluorspar. 

Industrial Minerals 

• Clays: Clays are one of Castile and León’s most important industrial resources, used in the 
manufacture of ceramics, bricks, and other construction materials. Found mainly in the Duero 
Basin, clays have been exploited for centuries. Certain formations are of such size and quality 
that they were considered for housing a high-activity radioactive waste storage facility 
promoted by ENRESA. 

• Gypsum: An essential mineral in the construction industry, gypsum is found in various parts 
of the region, particularly in the provinces of Burgos and Valladolid, where important mining 
operations have been developed over time. 

• Feldspar and Quartz: These minerals are used in the glass and ceramic industries and are 
mainly found in the granite zones of the Iberian Massif and quaternary derived deposits of 
sands and gravels, with particularly relevant deposits located in the province of Segovia, 
nowadays in operation. 

Additionally, there are exploitations of quartz gravels for ferroalloys and silicon, lithium minerals for 
ceramics, glauber salt, magnesite and china clay. 

Ornamental Stones 

• Slate: The high-quality slate of Castile and León is world-renowned and is mainly mined in the 
provinces of León and Zamora, as well as around the town of Bernardos in Segovia. It is in 
high demand for roofing and building facades, both in the national and international markets. 

• Granite: Granite is another ornamental stone mined in various parts of the region, mainly used 
in construction and decoration. Granite quarries in Salamanca and Ávila are particularly 
important in this regard. 

There are also exploitations of limestones and sandstones for ornamental uses in several provinces. 

2.2.3 Mining history and background 

Mining in Castile and León has a rich history dating back to prehistoric times, when minerals such as 
gold and copper were already being extracted. However, it was during the Roman occupation that 
mining reached its peak in the region, especially with the exploitation of gold at Las Médulas, one of 
the largest open-pit mines of the ancient world. The Romans introduced hydraulic mining techniques, 
which allowed them to extract large quantities of gold from alluvial deposits. This site, declared a 
World Heritage Site, remains a testament to the historical importance of mining in Castile and León. 

During the Middle Ages and the Renaissance, metallic mineral mining continued to be an important 
activity, albeit on a smaller scale. Silver and copper deposits in the Sierra de la Demanda and iron 
mines in the Montaña Palentina were exploited to supply local metallurgical industries and armories. 

The 19th century marked a renaissance in mining activity in the region, driven by the Industrial 
Revolution. During this period, new coal mines were opened in the basins of El Bierzo, Laciana and 
some others, which became the main coal production centers in Spain. Coal from these mines was 
crucial for the development of the steel industry in the north of the country (with the iron from the 
important deposits of León) and for the generation of electrical energy. 
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By the mid-20th century, mining in Castile and León remained a strategic sector but began facing 
challenges related to competitiveness and production costs. The coal mines in El Bierzo and Laciana 
maintained their activity until the decline of the coal industry in recent decades, when the closure of 
many mines dealt a severe blow to the local economy. 

Currently, mining in Castile and León has diversified its activities, focusing on the extraction of 
industrial minerals such as feldspar, quartz, magnesite, glauberite, clays and gypsum, as well as the 
exploitation of ornamental stones like slate and granite. Although the mining sector has experienced 
a decline in some areas, it remains an important pillar for the regional economy, especially in terms 
of employment and exports. 

2.3. Extremadura (Spain) 

2.3.1. General geological description 

Extremadura, located in western Spain, has a geology dominated by the Iberian Massif, which covers 
a vast area of mainly Paleozoic rocks. The region is characterized by a complex geological history that 
includes several cycles of sedimentation, tectonic deformation, metamorphism and magmatism. The 
terrain is primarily composed of igneous and metamorphic rocks, including granites, slates, quartzites, 
and gneisses, making it a region rich in mineral resources. 

Extremadura lies in the southern extension of the Iberian Massif, and, like other parts of this massif, 
its geological formations include deposits of great interest for mining. Two major geological areas 
stand out in the region: 

• The Central Iberian Zone, which covers most of the territory and consists of Precambrian-
Paleozoic sedimentary and metamorphic rocks. These rocks are folded and fractured by the 
effects of the Variscan Orogeny, creating favorable conditions for the formation of metallic 
mineral deposits, such as tin and tungsten. This area is also known for its lithium 
mineralization, which has attracted considerable interest due to the growing demand for this 
metal. 

• The Ossa-Morena Zone, located in the southeast of the region, is a geologically complex unit. 
Igneous and metamorphic rocks predominate here, with significant granite intrusions and 
volcanic-sedimentary formations, which have led to deposits of copper, lead, zinc, and other 
metals.  

Extremadura also hosts a significant number of pegmatites, geological formations associated with the 
slow cooling of magma. These pegmatites are of special interest for their content of strategic minerals 
such as lithium, as well as feldspar, which has various industrial applications. 

2.3.2. Present mineral resources 

The geological diversity of Extremadura has resulted in a wide range of mineral resources, including 
metallic minerals, industrial minerals, and ornamental stones. 

Metallic Minerals 

• Tungsten and Tin: Extremadura is known for its significant tungsten and tin deposits, two 
metals historically exploited for their high strategic value. The La Parrilla mine in the province 
of Cáceres is one of Europe’s most important tungsten deposits and has been mined for 
decades. These deposits are associated with granites and pegmatites, mainly around the 
Hesperian Massif. 

• Copper and Lead: The region also has substantial copper and lead deposits, particularly in the 
Ossa-Morena Zone and the eastern mountain ranges of Cáceres and Badajoz. These metals 
have been exploited throughout history, with the Aguablanca mine in Monesterio being one of 
the most notable for its nickel-copper production. 
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• Lithium: One of the most sought-after minerals today is lithium, due to its growing demand. 
Extremadura has important lithium deposits, mainly associated with pegmatites, which could 
position the region as a key player in supplying this critical mineral. 

• Gold and Silver: There are signs of gold and silver mineralization in various areas of the region, 
generating interest in future exploration. 

Industrial Minerals 

• Feldspar and Quartz: These minerals are essential for the ceramic and glass industries and 
are primarily found in areas with granite intrusions and pegmatites. Extremadura has 
significant potential for extracting high-quality feldspar. 

• Barite and Fluorite: These minerals are used in industrial applications, such as paint and 
plastic production. Barite, in particular, is mined in several parts of the region and is an 
important mineral for the hydrocarbon industry due to its use in drilling fluids. 

• Clays: The region is rich in clays, which are used in the ceramic and construction industries. 
Extremadura’s high-quality clays are a key resource for the production of bricks and other 
building materials. 

Ornamental Stones 

• Granite: Extremadura is one of Spain’s leading granite producers, with important quarries in 
the provinces of Cáceres and Badajoz. This material is widely used in construction and 
decoration due to its durability and beauty. Extremadura’s granites are especially valued for 
their high quality and strength. 

• Slate: The region also produces slate, mainly used for roofing and cladding. Although not as 
abundant as in other parts of the country, Extremadura’s slate has a niche in the construction 
market. 

2.3.3. Mining history and background 

Mining in Extremadura has a rich history that dates back to Roman times, when early inhabitants 
exploited the region’s mineral resources, mainly gold and copper. Gold mining was particularly 
important during Roman rule, with hydraulic mining techniques allowing large quantities of gold to be 
extracted from rivers and alluvial deposits. 

During the Middle Ages, mining activity in the region declined but did not disappear completely. Iron 
and other metals continued to be extracted on a smaller scale, serving local demands for materials 
used in construction and weapon manufacturing. 

The true mining boom in Extremadura occurred in the late 19th and early 20th centuries, with the 
industrialization of Spain and the increasing demand for metals such as tin, tungsten, and copper. The 
La Parrilla mine (and San Finx in Galicia) was/were particularly important during World War I and 
World War II, as these metals were highly valued for their use in the military industry. 

The 20th century also marked a significant milestone with the opening of the Aguablanca mine, a nickel 
and copper deposit located in the province of Badajoz. This mine, one of the most important in Europe, 
has been crucial to the local economy and has significantly contributed to national nickel and copper 
production. 

Today, mining in Extremadura remains a strategic sector, though it has shifted toward the extraction 
of industrial minerals and ornamental stones. The growing interest in critical raw materials, such as 
lithium, has placed the region on the radar of international investors, and mining is expected to play a 
crucial role in the region’s economic development in the coming decades. 

The modernization of mining infrastructure and the promotion of sustainable policies for resource 
extraction are paving the way for more responsible and efficient mining practices. Extremadura is 
positioned to become a key player in Europe’s energy transition, particularly concerning the supply of 
lithium and other strategic minerals. 
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2.4. Andalusia (Spain) 

2.4.1. General geological description 

Andalusia, located in the south of the Iberian Peninsula, is one of Europe’s most important regions 
from a geological and mining perspective, thanks to its varied and complex geological structure. 
According to the mining perspective. The region can be divided into three major geological units: the 
Iberian Massif, the Betic Zones, and the Iberian Pyrite Belt, each with specific characteristics that have 
favoured the formation of significant mineral deposits. 

• Iberian Massif (Northern Zone of Andalusia): The Iberian Massif occupies the northern part of 
Andalusia, particularly in the provinces of Huelva, Sevilla, and Córdoba, and is mainly 
composed of Paleozoic rocks. Metamorphic and plutonic formations dominate this region, with 
the presence of granites, gneisses, schists, and quartzites. This area is especially known for 
its massive sulfide deposits, copper, and pyrite, and for hosting a significant portion of the 
Iberian Pyrite Belt. 

• Iberian Pyrite Belt (Western Zone of Andalusia): The Iberian Pyrite Belt, which is part of the 
Iberian Massif, stands out as one of Europe’s most important metallogenic formations, 
extending from southern Portugal into the province of Huelva. It is composed of a sequence of 
volcanic and sedimentary rocks, mainly from the Carboniferous period, containing numerous 
polymetallic massive sulfide deposits. This zone is renowned for its rich concentration of 
metallic minerals, such as copper, zinc, lead, and silver, and has been exploited since ancient 
times due to its high profitability. 

• Betic Zones (Southern Zone of Andalusia): The Betic Zones, located in the south and southeast 
of Andalusia, are part of the mountain range that extends across southern Spain. These 
formations were created during the Alpine Orogeny and contain a series of complex 
structures, with folds and faults that have given rise to deposits of industrial minerals and 
ornamental stones. Limestone and dolomite predominate in the Betic Zones, facilitating the 
exploitation of these resources in the construction industry. 

The tectonic complexity of Andalusia, with multiple orogenic episodes, volcanic processes, and 
hydrothermal activities, has led to the formation of numerous metallic and industrial mineral deposits 
throughout the region. The combination of igneous intrusions, regional metamorphism, and volcanic 
activity has favoured the mineralization of metals in areas such as the Sierra Morena and the Sierra 
de Aracena. 

2.4.2. Present mineral resources 

Andalusia is extremely rich in mineral resources, including metallic minerals, industrial minerals, and 
ornamental stones. These resources have been fundamental to the region’s economy and continue to 
be an important pillar in its industrial development. 

Metallic Minerals 

• Copper: Andalusia is the largest copper producer in Spain, thanks to the enormous deposits 
in the Iberian Pyrite Belt. Mines like Riotinto, Aguas Teñidas, and Cobre Las Cruces are 
emblematic examples of the region’s rich mineralization. Copper extracted from these mines 
is critical for the technology and energy industries, used in the manufacture of electrical cables 
and electronic components. 

• Zinc and Lead: The polymetallic massive sulphides in the Pyrite Belt also contain significant 
quantities of zinc and lead. These metals are essential for battery production, galvanization, 
and other industrial applications. The Los Frailes deposit in Aznalcóllar is notable for its high 
concentration of these metals. 

• Gold and Silver: Several deposits in Andalusia contain gold and silver, associated with massive 
sulphides. While not the primary exploitation products, these mineralizations add economic 
value to the region’s mines. 
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Industrial Minerals 

• Gypsum: Andalusia is one of Spain’s leading gypsum producers. This mineral is essential for 
the construction industry, used in the production of gypsum panels and other derivative 
products. Gypsum operations are mainly located in the provinces of Almería and Granada. 

• Clays and Kaolin: These raw materials are essential for the ceramic and construction 
industries, and Andalusia has significant deposits in the areas of Almería and Córdoba. High-
quality clays extracted in the region are widely used in the production of bricks, tiles, and 
paving stones. 

• Fluorite and Celestine: Andalusia also has important deposits of fluorite and celestine, 
especially in the province of Granada. These minerals are used in the aluminium industry and 
in the production of hydrofluoric acid and strontium, essential chemical compounds for various 
industrial applications. 

Ornamental Stones 

• Marble: Andalusia is world-renowned for its marble production, particularly in the Macael 
region, in the province of Almería. Macael white marble has been used since antiquity in 
monuments and iconic buildings, both in Spain and abroad. The marble industry continues to 
be an important economic driver in this part of the region. 

• Slate: While slate production in Andalusia is not as significant as in other parts of Spain, the 
region has some slate deposits in the province of Jaén, where high-quality material is 
extracted and used in roofing. 

• Granite: Granite is another important ornamental resource in Andalusia, with quarries located 
in the Sierra Morena and the Sierra de Aracena. This material is highly valued for its strength 
and durability, used in construction and urban decoration. 

2.4.3. Mining history and background 

Mining in Andalusia has a history that spans thousands of years, being one of the region’s oldest 
economic activities. Since prehistoric times, the inhabitants of Andalusia exploited its rich mineral 
resources to make tools, weapons, and ornaments. Notable is the brilliant goldsmith work of the 
Tartessian civilization, as evidenced by the Treasure of El Carambolo in Seville. However, it was during 
the Roman era that mining in the region reached its peak. 

The Romans extensively exploited the copper, lead, and silver deposits in the Iberian Pyrite Belt. Mines 
such as Riotinto and Tharsis were known throughout the Roman Empire for their ability to produce 
large quantities of metals, which were used in coinage and the manufacture of tools and ornaments. 
The Tharsis mines are mentioned several times in the Old Testament. Roman mining technology, 
including gallery systems and hydraulic mining, enabled the large-scale exploitation of these 
resources. 

During the Middle Ages, mining in Andalusia remained an important activity, though on a smaller scale. 
Metal extraction was mainly limited to lead and copper, which were used in the manufacture of 
weapons and tools. With the Reconquista, the Christian kings promoted the exploitation of the region’s 
mineral resources, especially in areas such as the Sierra Morena. 

The 19th century marked a revival of mining in Andalusia, driven by the Industrial Revolution and the 
growing demand for metals such as copper and iron. During this period, mining in the Iberian Pyrite 
Belt experienced a new phase of growth, with the arrival of foreign capital and the modernization of 
extraction techniques. British, French, and German companies took control of many of the region’s 
mines, allowing large-scale exploitation of the resources. This high level of activity required intense 
development of transportation infrastructure, ultimately leading to the construction of an extensive 
network of mining railways, which later also served for passenger and goods transport. 

In the 20th century, mining in Andalusia continued to be a key sector for the regional economy. Mines 
like Riotinto and Tharsis continued to produce large quantities of metals well into the second half of 
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the century. However, economic and social challenges, as well as falling metal prices, led to the 
closure of many mines starting in the 1980s. 

Today, mining in Andalusia is experiencing a resurgence, driven by the growing demand for critical and 
strategic minerals. Projects such as Cobre Las Cruces and Aguas Teñidas, along with the reactivation 
of the Riotinto and Aznalcóllar mines, have revitalized the sector, attracting national and international 
investments. Moreover, the region has adopted stricter sustainability and environmental responsibility 
policies, which have improved the efficiency and social impact of mining activities. Andalusia offers a 
high standard of quality in mining at an international level. 

3. Feasibility Analysis of Mining Projects 
The viability of a mining project is a critical aspect that determines whether a mineral resource can be 
exploited profitably, efficiently, and sustainably. This analysis involves a comprehensive evaluation 
covering technical, economic, financial, social, and environmental factors. In today’s context, where 
global demand for minerals is driven by the energy transition, digitalization, and technological 
development, it is crucial to ensure that mining projects are not only economically viable but also 
environmentally responsible and socially acceptable. 

The viability assessment begins with the characterization of the mineral deposit, followed by a detailed 
analysis of the most appropriate extraction methods and an estimate of operating costs. Geological 
and metallurgical studies play a key role in this stage, as they determine the quality and quantity of the 
resource, as well as its capacity to be exploited with current technologies. 

A mining project also requires the evaluation of its supporting infrastructure. Factors such as access 
to roads, transportation, energy, and water are essential to ensure that operating costs remain within 
competitive margins. In many regions, infrastructure conditions can be a determining factor for the 
project’s viability, especially when mines are located in remote or hard-to-reach areas. 

The economic aspect of the viability analysis is another fundamental pillar. A detailed projection of 
potential revenues is made, taking into account the mineral's price on the international market, 
production and transportation costs, and the initial investment required to launch the mine. A key 
aspect is the internal rate of return (IRR), which must be sufficiently high to justify the investment. 
Additionally, the economic analysis must include a sensitivity study, where different market price and 
operating cost scenarios are evaluated to determine how they will affect the project's profitability. 

From a financial perspective, mining projects typically require considerable initial investment, often 
involving the participation of private investors, banks, or governments. In this regard, obtaining 
financing is closely linked to the solidity of the business plan and the project’s risk profile. 

Environmental viability is another crucial aspect. Mining activities, by their very nature, have a 
significant environmental impact, so compliance with environmental regulations and the adoption of 
sustainable practices are essential to ensure the project’s acceptance by authorities and local 
communities. Impacts on land use, biodiversity, water resources, and air quality must be addressed in 
environmental impact assessments and restoration plans, including post-mining closure and 
rehabilitation. 

Finally, social viability must also be considered. Mining can be an important source of employment and 
economic development for local communities, but it can also generate conflicts if the impacts on the 
environment and quality of life are not properly managed. Consultations with affected communities, 
transparency in resource management, and the creation of tangible benefits for the local population 
are key to ensuring the social success of mining projects. 

The viability analysis chapter is structured into several sections, each focusing on the different regions 
under study: Alentejo (Portugal), Castile and León (Spain), Extremadura (Spain), and Andalusia (Spain). 
In each case, the specific technical, economic, environmental, and social factors of each mining project 
will be evaluated to provide a complete and detailed overview of its viability. 
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3.1. Evaluation Criteria for Feasibility 
The feasibility analysis of mining projects is based on a set of criteria that help determine whether a 
project is technically, economically, socially, and environmentally viable. These criteria encompass 
various dimensions that must be carefully evaluated to ensure the investment in the project is 
profitable, safe, and environmentally friendly. The main evaluation criteria are detailed below. 

3.1.1. Technical Feasibility 

Technical feasibility refers to the project's ability to efficiently and profitably extract and process 
minerals using the most appropriate technologies and mining methods. This criterion includes: 

• Mineral deposit characteristics: The quality, quantity and grade of the available resource, the 
geology of the deposit, the distribution of the mineral, and its accessibility are evaluated. The 
classification of mineral reserves—proven, probable, and inferred—is crucial at this stage. 

• Mining methods: The most appropriate extraction method is determined, whether open-pit or 
underground mining, depending on the depth and extent of the deposit. The processing method 
to achieve the target degree of the economic element is also crucial. The higher degree in the 
mineral value chain the better consideration of the project to provide local, regional or 
European industry in a more efficient, sustainable and independent way of supply. 

• Available infrastructure: Proximity to transport networks (roads, railways, ports), access to 
energy, and water supply are key factors for the project’s operational efficiency. 

3.1.2. Economic Feasibility 

Economic feasibility is a decisive factor that analyses the financial aspects of the project. The main 
criteria include: 

• Capital Expenditure (CapEx): The initial costs required to develop the project, including mine 
construction, equipment acquisition, and auxiliary infrastructure development. 

• Operating Expenses (OpEx): Costs associated with the mine’s daily operation, such as 
extraction, processing, transportation, and maintenance. 

• Market mineral prices: Mineral prices in the global market are projected, which can vary 
significantly depending on supply and demand. 

• Revenue projection and Return on Investment (ROI): Potential revenues from the sale of the 
mineral are calculated and compared with operating and investment costs to determine 
profitability. An internal rate of return (IRR) higher than the cost of capital is a positive indicator 
of economic viability. 

• Sensitivity study: Analyses under different scenarios of mineral prices, operating costs, and 
macroeconomic factors are conducted to evaluate the project’s resilience to market changes. 

3.1.3. Environmental Feasibility 

Environmental impact is one of the main challenges in modern mining, and proper management is 
essential for obtaining the necessary authorizations and ensuring social acceptance of the project. 

The main criteria in this area include: 

• Environmental Impact Assessment (EIA): The project’s impacts on soil, surface and 
groundwater, biodiversity, air quality, and landscape are identified and assessed. The 
competent environmental authority will oversee this process. 

• Compliance with environmental regulations: The project must comply with local, national, and 
international environmental legislation, adopting corrective and preventive measures. Water 
management, which often requires specific authorizations from the Water Basin Authority is 
of particular importance. 
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• Restoration Plan (PREST): A detailed plan for land restoration and recovery after mining 
activities must be developed from the project’s inception, ensuring that the affected area can 
be returned to a state similar to or better than its original condition. The mining authority is 
responsible for approving the PREST plan alongside the mining project. 

3.1.4. Social Feasibility 

Social acceptance and relationships with local communities are critical for the long-term viability of a 
mining project. The key aspects to consider include: 

• Community consultation and participation: The project must involve transparent and 
continuous dialogue with affected communities and stakeholders, addressing their concerns 
and expectations, and promoting their involvement in decision-making processes (although 
the final decision rests with the competent authorities). 

• Job creation and local development: Mining can be a significant source of employment and 
development for rural areas, generating economic opportunities that improve the quality of 
life for local populations. 

• Social conflict management: Mining can create conflicts over the use of resources such as 
land and water. Proactive conflict management and the implementation of corporate social 
responsibility programs are essential to minimize social risks. 

3.1.5. Legal and Regulatory Feasibility 

A mining project must comply with all applicable legal and regulatory frameworks at both national and 
international levels. Key aspects include: 

• Concessions and licenses: The project must secure all necessary licenses for mineral 
exploration, extraction, and processing. 

• Labor regulations: Compliance with labour laws is essential to avoid conflicts and ensure 
worker safety. 

• International trade standards: If the project involves exporting minerals, it must meet the 
commercial and quality requirements imposed by international markets. 

3.1.6. Risk Assessment 

Every mining project entails a series of risks that must be properly identified, evaluated, and managed. 
These risks can include: 

• Geological risks: Uncertainty about the characteristics of the deposit and its continuity, or 
about the behaviour of the surrounding rocks. 

• Market risks: Fluctuations in mineral prices or changes in global market conditions. 

• Technical risks: Failures in extraction or processing methods that can affect efficiency and 
costs. 

• Environmental risks: Unexpected environmental damage that may result in fines or 
suspension of operations. 

• Social and political risks: Conflicts with local communities or changes in government policies 
that impact project operations, such as restrictions on energy mineral exploitation or 
overprotection of groundwater resources through limitations on water use. 

3.2. Technical, Economic, and Environmental Factors 
The viability of a mining project depends largely on the interaction of technical, economic, and 
environmental factors, which are interconnected and determine the success or failure of the project. 

A comprehensive analysis must examine these three aspects holistically. 
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3.2.1. Technical Factors 

Technical factors refer to the ability to extract and process minerals efficiently and profitably. These 
include: 

• Resource quality and quantity: Initial geological studies determine the size and quality of the 
deposit, which defines the extraction techniques to be used. 

• Mining methods: The choice between open-pit or underground mining depends on the depth, 
geometry of the deposit, and the mineral-to-waste ratio. This decision has implications for 
both capital expenditure (CapEx) and operating expenses (OpEx). 

• Processing facilities in the highest degree of added value. 

• Infrastructure and logistics: Access to facilities is crucial for material transportation and 
operational efficiency. Proximity to transport networks (railways, roads, ports) and energy 
sources is essential for minimizing costs. 

• Technology and equipment: The availability and selection of suitable extraction and processing 
equipment are key to optimizing operations and reducing costs, enabling more efficient use of 
the mineral. 

• Safety and risk management: Ensuring operational safety and managing technical risks (such 
as landslides, equipment failures, or explosions) are vital to avoiding operational interruptions 
and ensuring worker safety. 

3.2.2. Economic Factors 

Economic factors are critical to ensuring the profitability and viability of mining projects, with a key 
focus on the relationship between operating costs and revenue generation. The main aspects to 
consider are: 

Impact on National and Regional Economy 

Mining plays a fundamental role in the economy of producing countries, and its impact goes beyond 
direct revenues from mineral sales. In many regions like Alentejo, Extremadura, and Andalusia, mining 
significantly contributes to Gross Domestic Product (GDP), generating employment, tax revenue, and 
promoting infrastructure development. 

At the regional level, mining can be a growth engine, particularly in rural areas, where job creation in 
mines has a multiplier effect on the local economy. Sectors like transport, construction, manufacturing, 
and services benefit from mining activity, creating business opportunities and improving the quality of 
life for local populations.  

On a national scale, the export of strategic minerals can improve the trade balance, particularly in 
countries that heavily rely on the export of natural resources. Additionally, the foreign exchange 
generated by exports helps stabilize the economy and finance social and economic development 
projects. 

Financing 

Mining projects, due to their capital-intensive nature, require significant upfront investment to develop 
infrastructure, acquire equipment, and launch operations. The financing for these projects typically 
comes from a combination of private investments, bank loans, and in some cases, government support. 

Investors and banks evaluate the project’s long-term economic viability, risk profile, and the financial 
strength of the sponsoring company before providing funds. Securing financing is closely tied to the 
project’s expected profitability and the market’s ability to absorb the produced mineral. 

In this context, the project’s ability to generate adequate returns is essential to ensure the flow of 
capital. Internal rates of return (IRR), net present value (NPV), and liquidity analysis are key indicators 
guiding investment decisions. 
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It is important to note the role of government agencies in streamlining the initiation processes, 
fostering communication between promoters, and providing initial funding to support the start of 
operations, which will later be repaid through the development of economic activities. 

Value Chain 

The economic impact of a mining project goes beyond the extraction of minerals and encompasses an 
entire value chain that includes exploration, development, extraction, processing, transportation, and 
marketing, that includes in some cases exportation. Each link in this chain creates business and 
employment opportunities in related sectors. 

• Exploration: Searching for new mining deposits through geological and geophysical studies is 
a key stage that ensures the long-term sustainability of the sector. Exploration companies, 
often small specialized firms (juniors), play a fundamental role and, in case of success, often 
transfer their findings to larger companies. 

• Extraction and Processing: This is the core of the project. Technological advancements in 
mineral processing help reduce costs and maximize mineral recovery, improving project 
competitiveness. 

• Transportation and Logistics: Moving minerals from mines to processing centres or export 
points requires efficient logistical infrastructure. Building roads, railways, and ports helps 
enhance the sector’s competitiveness by reducing the costs associated with transporting large 
volumes of material. 

• Export and Marketing: International markets are the primary destination for many extracted 
minerals, especially strategic minerals like copper, lithium, or gold. Participating in the global 
supply chain allows local economies to benefit from international prices and access new 
markets. The Critical Raw Materials Act promotes the internal marketing process of CRM to 
guarantee the European industry resilience and supply. 

Revenue Projections and Profitability Analysis 

The revenues of a mining project depend largely on fluctuations in international mineral prices, which 
are influenced by global supply and demand. Economic feasibility studies must include price 
projections based on market analyses and future scenarios. 

In addition, operating and capital costs must be carefully controlled to ensure that the mining operation 
remains profitable, even in low-price scenarios. Companies must perform breakeven analysis to 
determine the minimum mineral price needed to cover costs and generate profits. 
 
An economic sensitivity analysis is crucial to evaluating the project’s feasibility under different market 
conditions. These studies help identify the most critical factors affecting profitability and provide a 
clear view of the risks associated with the project. 

3.2.3. Environmental Factors 

The environmental impact of mining is a significant challenge and requires thorough planning to 
mitigate negative effects on the environment. Environmental sustainability is essential to gain 
acceptance from regulatory authorities and local communities. 

• Impact on soil and vegetation: Mineral extraction directly affects land use, destroying native 
vegetation and altering the landscape. Rehabilitation and restoration planning is essential to 
minimize these impacts. 

• Water resource management: The intensive use of water in mineral processing and potential 
contamination of water sources through leaching and mining waste is a major environmental 
concern. Efficient water management and contamination reduction are key to the project's 
environmental viability. 
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• Air emissions and air quality: Mining generates dust and pollutant emissions that can affect 
air quality in surrounding areas. Implementing emission control technologies and creating 
buffer zones are essential measures to mitigate this impact. 

• Mining waste: Proper management of the waste generated during extraction and processing 
is a crucial challenge. The safe storage of tailings and reducing waste generation are currently 
priorities for regulatory authorities. 

• Biodiversity: Mining can affect local ecosystems and biodiversity, particularly in sensitive 
areas. 

Environmental impact assessments must include a detailed evaluation of the effects on flora and 
fauna, as well as plans to minimize the impact and compensate for losses. 

3.3. Viability in Alentejo 

3.3.1. Economic Factors (operating costs, market access) 

The economic viability of mining projects in Alentejo is strongly influenced by operating costs 
associated with extraction, processing, and transportation of minerals, as well as access to 
international markets. With its long mining tradition, Alentejo benefits from a rich geological base of 
metallic, industrial, and ornamental resources, allowing production costs to remain competitive 
compared to other European mining regions. 

The Alentejo Regional Coordination and Development Comission (CCDR Alentejo, I.P.) is a public 
institute with administrative and financial autonomy that promotes regional development. CCDR 
Alentejo has a regional strategy called ‘RIS3 Strategy Alentejo 2030’ that recognises as one of its 
strategics objectives, the importance of sustainable exploitation of mineral resources in Alentejo by 
reinforcing the use of secondary materials and reducing waste. 

Operating Costs 

Mining in Alentejo has moderate operating costs compared to other areas in Europe, due to the 
availability of local resources, industry experience, and the use of advanced technologies. The 
presence of large deposits of polymetallic sulfides, marble, and granite foster an economy of scale, 
reducing unit extraction and processing costs. 

Capital Expenditure (CapEx) in Alentejo is relatively high in the early years due to the construction of 
mining infrastructure, but these costs are amortized in the long term with a high return rate due to the 
quality and quantity of the available resources. 

The metallic mining sector is provided with mineral processing plants to get copper and zinc 
concentrates, but there is not any refinery, neither pyrometallurgical nor hydrometallurgical, to get 
pure metal in the region with the loss of added value and independence in industry supply if the final 
customer is a third country out of Europe. 

Another significant economic factor is the energy cost. Alentejo’s increasing investment in renewable 
energy such as solar and wind power has lowered energy costs, positively impacting the sustainability 
of mining projects and reducing operating expenses. 

Market Access 

A key advantage for mining in Alentejo is its access to European and international markets. The region 
benefits from robust logistical infrastructure that supports efficient mineral exports to major industrial 
centers across Europe. However, there remains significant potential for improvement, particularly in 
strengthening railway connections and connection to maritime ports to enhance transportation 
efficiency and capacity. Copper, zinc, and marble from Alentejo find solid demand in international 
markets due to the quality of the material and its applications in various sectors (construction, 
technology, etc.). 



Grant Agreement: 101084028   

I4-GREEN | D6.5 Industrial strategic geological resources and recovery of CRMs Page 28 of 69 

Proximity to ports large ports like Sines, but also Setúbal, facilitates exports to other markets, 
including Asia and America, reducing logistical costs and enabling companies to access competitive 
prices in the global market. 

At the European level, the exploitation of critical raw materials such as copper aligns with EU 
strategies to reduce dependence on imports from third countries, positioning the region as a strategic 
supplier within the European supply chain. 

3.3.2. Environmental Factors (impacts and local regulations) 

As part of the European Union, Portugal has implemented strict environmental legislation regulating 
the exploitation of natural resources, ensuring that projects are carried out with the least possible 
environmental impact. 

Environmental Impacts 

The main environmental impacts of mining in Alentejo include landscape alteration, water resource 
degradation, and solid waste generation. Polymetallic sulfide mines generate large amounts of tailings 
and waste, which must be managed properly to prevent contamination of soil and groundwater. 

The mining industry also contributes to dust and gas emissions, which can affect air quality in 
surrounding areas. To mitigate these effects, mining companies in Alentejo already adopted, and are 
improving, modern emission reduction technologies and dust control measures, as well as 
implementing water recycling systems in washing and mineral processing. 

Open-pit mining, particularly in marble quarries, represents a significant environmental challenge. 
These quarries leave visible scars on the landscape, prompting the implementation of landscape 
restoration programs aimed at rehabilitating mined areas once resources are depleted. 

Local Regulations 

As an EU member, Portugal strictly follows EU directives regarding Environmental Impact 
Assessments (EIA). All mining projects in Alentejo must comply with local and European regulations 
before obtaining operating licenses. This includes adopting preventive measures and mitigation plans 
to minimize negative impacts. There is room for improvement in terms of reducing the administrative 
burden and accelerate the emission of exploration and exploitation licenses, allowing prospection and 
mining to move forward safely and quickly. 

A significant environmental challenge in the region is water resource management. Alentejo is a semi-
arid area, which requires efficient water management for mining projects. Local regulations mandate 
water reuse and minimise consumption to protect local water resources and avoid conflicts with other 
economic activities such as agriculture. Although the Alqueva Dam, built in the early 21st century, 
offers substantial water capacity for demanding activities in the region, it does not appear operational 
enough to support mining demand. 

3.3.3. Infrastructure in Alentejo (roads, transportation, energy) 

Infrastructure is a critical factor in the viability of any mining project. In Alentejo, both existing 
infrastructure and planned improvements have a significant impact on the operating costs and 
efficiency of projects. 

Roads and Transportation 

Alentejo has a road network that connects the region to major industrial centres in Portugal and Spain. 
Mines in the region have access to roads that facilitate the transportation of minerals from extraction 
areas to ports and processing centres. 

Proximity to Sines Port, one of the most important in Portugal, is a key logistical advantage that 
facilitates the global export of minerals. In addition, the connection to the railway network improves 
the efficiency of transporting large volumes of material, reducing costs and travel times. 
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However, in more rural or remote areas of Alentejo, roads require additional investment to improve 
load capacity and ensure that heavy transport does not cause significant damage to existing 
infrastructure. 

The railway connection between Spain and Portugal requires further development, both in the north 
(Alentejo-Extremadura) and in the south (Andalusia-Algarve). The high-speed transport line will not 
be available for decades. The west-to-east road corridor between Lisbon and Valencia remains 
incomplete, with a significant section yet to be upgraded (national road N-430 between Mérida-Santa 
Amalia and Ciudad Real). 

Energy 

Alentejo has been a pioneer in developing renewable energy projects, particularly in solar and wind 
energy, allowing many mining projects to access cleaner and cheaper energy sources. This availability 
of renewable energy is a key differentiator that reduces operating costs and improves the 
environmental sustainability of mining operations. 

The electric grid in Alentejo is sufficient to meet the needs of the mines, although additional 
infrastructure may be required in some cases to connect mining areas to the national grid. The stability 
of the power supply is crucial for ensuring the continuity of processing operations and avoiding costly 
interruptions. 

Water 

Given the semi-arid nature of the region, water availability is a critical issue for the viability of mining 
projects. Mining operators must invest in recycling and water reuse technologies, especially for 
projects that require large volumes of water for mineral processing. 

Mines in Alentejo must design water management systems that minimize freshwater consumption and 
prevent groundwater contamination. Companies must comply with strict regulations regarding 
wastewater management and filtration systems. 

3.4. Viability in Castile and León 

3.4.1. Economic Factors 

The economic viability of mining projects in Castile and León depends on several factors, including 
operating costs, access to national and international markets, and the capacity to generate 
employment and economic development in the region. Castile and León, with its long mining tradition 
and rich geology in metallic and industrial minerals, holds significant economic potential in the 
extractive sector. 

Operating Costs 

In Castile and León, operating costs vary depending on the type of exploitation and the mineral 
extracted. Slate and granite operations have relatively low operating costs compared to metallic 
minerals, due to the abundance of these resources and the existing infrastructure for their extraction 
and processing. 

For metallic minerals, operating costs tend to be higher due to the need for specialized technologies 
and complex processing procedures. Despite this, rising international mineral prices have increased 
the profitability of projects in the region, spurring exploration and mining research initiatives. 

The region benefits from a highly skilled workforce with historical mining experience, which reduces 
training costs and improves operational efficiency. However, a significant portion of this training has 
been linked to coal mining, which is currently in continuous decline due to government-imposed 
limitations. 

Market Access 

Castile and León is strategically located in the center of the Iberian Peninsula, providing relatively easy 
access to both national and international markets. The region's primary exports include roofing slate, 
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feldspar, glauber salt, tungsten concentrates, etc., which are in high demand in the European 
construction industry. 

For metallic minerals, Castile and León has strengthened its capacity to export products to 
international markets thanks to proximity to ports and logistical infrastructure that facilitates the 
transport of processed minerals to global destinations. 

The increasing demand for critical raw materials in the European Union for strategic sectors like 
electric mobility and energy transition has boosted interest in exploiting certain minerals in Castile 
and León, such as lithium and cobalt, positioning the region as a potentially key player in supplying 
these resources. 

3.4.2. Environmental Factors 

Environmental factors play a crucial role in the viability of mining projects in Castile and León. As part 
of Spain, the region is subject to strict environmental regulations at both national and European levels. 
Any mining project must undergo a thorough Environmental Impact Assessment (EIA) to obtain the 
necessary licenses. 

Environmental Impacts 

Landscape alteration: Open-pit mining, particularly for slate and some other ornamental stones, can 
significantly impact the local landscape. These operations leave visible scars in mountainous areas, 
which require restoration plans to rehabilitate the natural environment once extraction activities end. 

Water resources: Metallic mining and the exploitation of industrial minerals can negatively affect local 
water resources, both in terms of consumption and potential contamination from heavy metal leaching. 
Mines must implement water management systems and waste treatment plans to ensure the 
protection of both groundwater and surface water. 

Waste and emissions: Mining operations generate large amounts of waste that must be properly 
managed to minimize environmental impact. Open-pit operations, in particular, are susceptible to 
producing small-diameter atmospheric particulates, which require careful control to prevent their 
spread through the air. 

Local Regulations 

Castile and León is subject to national and European regulations on mining and environmental 
protection. Before beginning any mining operation, companies must submit an Environmental Impact 
Assessment that addresses the effects of the activity on the natural environment and proposes 
mitigation measures for the most severe impacts. 

Mining companies are required to implement land restoration plans, ensuring that once operations are 
complete, the affected areas are rehabilitated, including reforestation and biodiversity recovery. 

A crucial aspect is the management of water resources. Mining operations, especially those handling 
large volumes of metallic minerals, must implement water recycling technologies and wastewater 
treatment systems to prevent contamination of aquifers and nearby bodies of water. 

3.4.3. Infrastructure in Castile and León 

Infrastructure in Castile and León plays a crucial role in the viability of mining projects, facilitating the 
transportation of extracted minerals to markets and processing centers and ensuring the energy 
supply necessary for operations. 

Roads and Transportation 

Castile and León has an extensive road network connecting major mining areas with Spain’s logistical 
and industrial centers. Good connections to other regions ensure efficient transport of minerals to 
markets, reducing transportation costs and improving project competitiveness. 

The region also has a well-developed rail network, which aids in the transportation of large volumes 
of material from extraction areas to ports and processing plants. However, the direct line between 
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Madrid and Aranda de Duero has been interrupted by the collapse of a tunnel near Somosierra many 
years ago and has not been repaired. In the west, high-speed rail development has been underway in 
recent years, but the connection from Castile and León to Galicia and the Basque Country is still 
incomplete. The rail link to Cantabria remains based on an outdated 19th century route in many 
sections. 

In logistical terms, proximity to ports like Gijón and Santander in northern Spain allows for the export 
of minerals to international markets, particularly in Europe and Latin America, a practice that has been 
ongoing for decades. 

Energy 

Castile and León is one of Spain’s leading renewable energy producers, with significant installed 
capacity in wind and solar energy, generally promoted by major industrial consortia and supported by 
government tax incentives. This abundance of clean energy offers a competitive advantage to mining 
companies, allowing access to a reliable and low-cost energy supply. 

Mines in the region rely on a robust electrical infrastructure to ensure the continuous operation of 
extraction and processing activities. In more remote areas, additional investments may be needed to 
improve connections to the national power grid, which remains underdeveloped in certain areas. 

The shift toward renewable energy in mining projects not only reduces operating costs but also 
enhances the environmental profile of operations, aligning with the demands of international markets 
that increasingly value minerals with a low carbon footprint. 

Water 

As in other mining regions, the availability of water is critical for mineral processing. Castile and León 
has good water resource availability in most of its territory, though some drier areas require efficient 
water use and the implementation of recycling technologies. 

Mining operations, especially those involving metallic mineral processing, must adopt water 
management systems that minimize consumption and prevent contamination. Local authorities require 
mining companies to submit water management plans as part of the project approval process. 

3.5. Viability in Extremadura 

3.5.1. Economic Factors 

Extremadura, with its rich geology of metallic and industrial minerals, presents significant economic 
opportunities in the mining sector. The economic factors influencing project viability in this region 
include operating costs, demand for minerals in international markets, and the efficiency of accessing 
those markets. 

Operating Costs 

Operating costs in Extremadura can vary depending on the type of mineral extracted. For instance, the 
extraction of lithium and tungsten will involve higher costs due to the need for specialized technologies 
for their extraction and processing. However, these costs are offset by the high global demand for 
these minerals, which are essential for manufacturing electric vehicle batteries and other strategic 
industrial applications. 

Industrial minerals such as clays and feldspars, which are abundant in Extremadura, have lower 
operating costs due to the relative simplicity of extraction and processing methods. Additionally, the 
development of local industries around these resources has helped to reduce logistics and 
transportation costs. 

The region benefits from a skilled workforce and mining experience, reducing training costs and 
enabling efficient operation of mining activities. However, one challenge is attracting and retaining 
young workers, especially in rural areas where mining plays a key role in job creation. 

Market Access 
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Extremadura's geographical position offers favourable access to national and international markets 
competitively, provided there is adequate infrastructure. 

Furthermore, the growing global demand for critical raw materials has positioned Extremadura as a 
potential strategic supplier of key resources for the technology and energy industries. Lithium, in 
particular, has attracted significant interest from international investors due to its importance in the 
transition to cleaner technologies. 

At the national level, industrial minerals extracted in Extremadura, such as clays and feldspars, are 
essential for Spain's ceramics and construction industries, ensuring steady demand in the domestic 
market. 

3.5.2. Environmental Factors 

Mining in Extremadura is subject to strict environmental regulations at both the national and European 
Union levels. Mining projects must comply with all legal requirements related to environmental 
protection, ensuring operations are carried out sustainably. 

Environmental Impacts 

Mining, especially for metallic minerals like tungsten and lithium, can cause significant environmental 
impacts, such as landscape alteration, intensive water use, and waste generation. These impacts must 
be minimized through the implementation of cleaner technologies and sustainable practices. 

The impact on water resources is particularly relevant in Extremadura, a region with semi-arid areas. 
Mining operations must ensure efficient water management to avoid over-exploitation of aquifers and 
minimize contamination of surface and groundwater sources. 

Mining operations also generate large amounts of solid waste, such as tailings and sterile material. 
Proper waste management and storage are essential to prevent soil and water contamination. In 
Extremadura, mining projects must adhere to strict waste management regulations, including site 
rehabilitation after operations have ended. 

Local Regulations 

As in other regions, Spain's environmental laws and EU directives set clear requirements for 
environmental impact assessments (EIA) and the issuance of permits for mining activities. Mining 
projects in Extremadura must undergo thorough EIAs that evaluate the potential environmental effects 
of extraction activities and propose mitigation measures. 

Restoration plans are a crucial component of any mining project in Extremadura. Companies must 
commit to restoring affected areas after mining is completed, including landscape rehabilitation, 
reforestation, and ecosystem recovery. 

Additionally, mining companies are required to implement continuous monitoring systems to ensure 
that operations comply with environmental standards throughout the project's life cycle, from 
exploration to mine closure. 

It is worth noting that the two ongoing lithium mining projects in Cáceres have experienced different 
developments: the Cañaveral project is proceeding as planned, while the San José de Valdeflores 
project has faced strong social opposition due to its proximity to Cáceres city. This has led to the 
modification of the mining project to an underground operation, reducing its environmental impact. 

3.5.3. Infrastructure in Extremadura 

Existing infrastructure in Extremadura plays a crucial role in the viability of mining projects. Access 
to roads, transport networks, and an adequate energy supply is essential for the success of mining 
operations. 

Roads and Transportation 

Extremadura has a well-developed road network that connects major mining areas with national and 
international transport routes. The region is well-connected by road to Portugal and Madrid, as well 
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as the Ruta de la Plata, a highway that links the southwest and northwest of the peninsula. This 
facilitates the export of mineral substances to international industrial centers through Atlantic and 
Cantabrian ports. However, as previously mentioned, the N-430 road requires expansion to handle the 
heavy traffic and connect the Lisbon-Valencia axis, providing access to the important Port of Valencia 
in the Mediterranean. 

Additionally, the railway connection remains a significant weakness in the region. The use of the line 
connecting Zafra with the Port of Huelva has diminished, and there is no clear timeline for the 
development of a high-speed connection with Portugal between Badajoz and Lisbon. The construction 
of an internal corridor (Plasencia-Cáceres-Mérida-Badajoz) is nearing completion, but it will not be 
connected to Madrid for the time being, and it is not operational despite its official inauguration in May 
2022. The existing line still retains 19th-century sections where trains must run at very low speeds. 

Mining operations would benefit from access to the rail network, facilitating the transportation of large 
volumes of material, particularly industrial and heavy metallic minerals, which would reduce logistical 
costs. Therefore, additional infrastructure investments are needed to improve load capacity and ensure 
that mines are adequately connected to markets. 

Proximity to Portugal also provides a strategic advantage, allowing access to international ports like 
Sines, facilitating the export of minerals to markets in America and Asia. 

Energy 

Energy is one of the most important components in the operation of mining projects. Extremadura has 
made significant progress in adopting renewable energy sources such as solar and wind energy, which 
have helped reduce energy costs for mining operations and improve the sustainability of the projects. 

Mines in Extremadura are well-connected to the national electrical grid, ensuring a stable and reliable 
energy supply for processing and extraction operations. However, in some more remote areas, further 
investments may be required to extend the electrical grid to ensure the viability of mining projects. 

Investments in renewable energy not only help reduce operating costs but also improve the 
environmental profile of mining projects, aligning with the demands of international markets that 
increasingly value products with a low carbon footprint. 

Water 

Water use in mining is a critical factor in Extremadura, especially due to the semi-arid nature of some 
areas. The availability of water for extraction and processing must be carefully managed to avoid 
competing with other uses, such as agriculture. 

Mining companies are required to implement water recycling systems and minimize the consumption 
of freshwater by using technologies that allow for the reuse of water in production processes. This 
approach is essential to reduce the impact on local water resources and comply with environmental 
regulations set by regional and national authorities. 

3.6. Viability in Andalusia 

3.6.1. Economic Factors 

Andalusia is one of the most important mining regions in Spain and Europe, particularly due to the 
Iberian Pyrite Belt, which contains a large number of polymetallic massive sulfide deposits. The key 
economic factors determining the viability of mining projects in this region include operating costs, 
demand for strategic minerals, and access to national and international markets. 

Operating Costs 

Operating costs in Andalusia vary considerably depending on the type of mineral and extraction method 
used. Metal mining, predominant in the region due to the abundance of copper, zinc, and lead in the 
Pyrite Belt, tends to have high operating costs, as advanced technology is required for mineral 
extraction and processing, along with significant support infrastructure. 
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However, economies of scale in mines such as Riotinto and Aguas Teñidas help reduce the cost per 
unit of extracted mineral, making large-scale operations profitable. These highly automated mines 
benefit the region not only through the revenue generated but also by creating jobs and developing 
infrastructure. 

The Las Cruces mine achieved high efficiency due to its open-pit nature, high-grade ore, and the 
characteristics of its processing method (high-grade cathode production via atmospheric leaching). 
However, the project is currently suspended, with plans to restart as an underground operation in the 
medium term. 

Another relevant aspect is energy prices. Andalusia has made advances in adopting renewable energy, 
particularly solar and wind, which have helped reduce energy costs for mining operations. Mining 
companies are increasingly committed to sustainability, using cleaner energy sources to minimize 
environmental impact and reduce long-term operating costs. 

Market Access 

Andalusia's strategic geographical position provides access to European and international markets via 
its ports on the Atlantic and Mediterranean. This facilitates the export of mineral products to European 
countries and global markets. The Port of Huelva is one of the most important for the transportation 
of metallic minerals, with direct routes to Asia and America. 

Additionally, the proximity of European markets is key to the commercialization of industrial minerals, 
such as gypsum and fluorite, which are in high demand in the construction industry. This closeness 
reduces transportation costs and enhances the competitiveness of mining operations. The Alquife iron 
mine in Granada currently produces minerals destined entirely for export via the ports of Málaga and 
Motril. 

Andalusia is also well-positioned to take advantage of the demand for critical minerals within the 
European Union. The copper and zinc extracted from the Pyrite Belt are essential components for the 
energy transition and the production of green technologies, positioning Andalusia as a strategic player 
in the European supply chain. 

The metallic mining sector is provided with mineral processing plants to get copper, lead and zinc 
concentrates, but the most average of mineral concentrates are not refined, neither pyrometallurgical 
nor hydrometallurgical, to get pure metal in the region with a very high loss of added value and 
independence in industry supply if the final customer is a third country out of Europe. 

In the last years two important advances have reached the processing technologies due to, in one 
hand, a higher degree copper deposit at Las Cruces that allow to get hydrometallurgical pure copper 
and the follow-up researching process to concentrate and refine the underlaying primary mineral and 
in other hand, to the relevant new process E-LIX, that include an electrical lixiviation and 
electrowinning and it’s being operated in ATALAYA mine at Riotinto (Huelva). These technologies vary 
the scope of markets focusing now in the last years two important advances have reached the 
processing technologies due to, focusing now on final customers with an important increasing of added 
value and with an important increasing of added value and with an important increase of high 
qualification number of employs in the area. 

In addition, the Atlantic Copper refinery, one of the biggest and efficient in Europe is another important 
facility that must be considered in the available infrastructures for mineral processing in the region. 

3.6.2. Environmental Factors  

Environmental factors are a crucial component for the viability of mining projects in Andalusia, which 
is subject to strict national and European regulations. Mining has a significant impact on the natural 
environment, and operations must comply with sustainability and environmental responsibility 
standards. 

Environmental Impacts 
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The primary environmental impact of mining in Andalusia is landscape alteration, especially in open-
pit mines like Riotinto. Extracting large volumes of mineral generates solid waste, which must be 
managed properly to avoid soil contamination and nearby water sources. 

Dust and gas emissions generated during mining activities also pose an environmental challenge, 
particularly concerning air quality near the mines. To mitigate these effects, companies have 
implemented emission control systems and dust reduction technologies. 

Water resource management is another key challenge in Andalusia, a region with water scarcity in 
many areas. Mining operations must ensure efficient water use, with recycling and wastewater 
treatment systems to prevent contamination of both groundwater and surface water. All activities are 
linked to obtaining the necessary administrative authorizations. 

Local Regulations 

Environmental regulations in Andalusia are stringent and aligned with EU directives. All mining 
projects must submit an Environmental Impact Assessment (EIA) before obtaining operating permits. 
This study must include a detailed analysis of effects on biodiversity, soil, water, and air, along with 
mitigation measures to minimize negative impacts. 

Mines in Andalusia are also subject to restoration and rehabilitation plans after operations conclude. 
Mining companies are required to present detailed plans to restore the natural environment affected 
band extractive activities, including vegetation recovery and landscape improvement. 

A significant challenge for companies is ensuring continuous compliance with environmental 
regulations throughout the project life cycle. This includes implementing environmental monitoring 
systems to ensure that mining operations are conducted within the established legal parameters, 
avoiding penalties and guaranteeing the sustainable exploitation of resources. 

3.6.3. Infrastructure in Andalusia 

Infrastructure in Andalusia is crucial for the viability of mining projects, facilitating logistics and 
ensuring a stable energy supply for operations. The region has a well-developed transportation 
network, including roads, railways, and ports, along with robust energy infrastructure. 

Roads and Transportation 

Andalusia is connected band a comprehensive road network, enabling the transport of minerals from 
extraction sites to export hubs. Major mining areas, such as those in Huelva and Sevilla, are well-
connected to the region’s ports and industrial markets. 

Rail transport plays a critical role in large-scale mining, efficiently moving large volumes of minerals 
to Andalusian ports. The railway network also connects Andalusia to the rest of Spain and Europe, 
enhancing the competitiveness of mining operations. 

The Port of Huelva is one of the main infrastructures for exporting minerals like copper and zinc to 
international markets. Its capacity and proximity to the Pyrite Belt mining areas are key in reducing 
transportation costs and improving delivery times. As previously mentioned, the ports of Málaga and 
Motril handle iron oxides from the Alquife mine, and Sevilla has Historically supported the export of 
Las Cruces copper cathodes. Additionally, the Port of Algeciras, one of Europe's largest, is strategically 
important, and improving its rail connection with Antequera-Bobadilla remains a strategic objective. 

Energy 

Andalusia is a leader in renewable energy, benefiting mining operations in the region. The increasing 
capacity of solar and wind energy has allowed mining companies to access cleaner, cheaper energy 
sources, reducing operating costs and enhancing sustainability, though further progress is still 
needed. 

Most mines in Andalusia are well-connected to the national power grid, ensuring a stable energy 
supply for extraction and processing operations. However, in some areas, additional investments are 
needed to extend power lines or establish substations to improve connectivity. As of 2022, important 
substations in Huelva province include Puebla de Guzmán and Palos, both 400/220 kV, serving as 
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backbone nodes of the transport grid. The Puebla de Guzmán substation is an interconnection point 
with Portugal via a long line to Guillena, and a second 400 kV line connects Palos with Guillena for 
conventional generation evacuation. 

The combination of renewable energy with mining operations not only reduces operating costs but also 
enhances the reputation of mining in Andalusia, aligning it with European carbon reduction goals. 

Water 

Water availability is a critical factor for mining in Andalusia, especially in semi-arid regions like 
Almería and Huelva. Mining companies must adopt advanced water management technologies to 
minimize consumption and ensure operations do not negatively affect local water sources. The Las 
Cruces mine has been closely monitored for its interaction with the Niebla-Posadas 05.49 aquifer, as 
required band the basin authority, which led to the construction of a complex drainage and reinjection 
system to reduce net water consumption. 

In all cases, mining operations must comply with strict regulations regarding water use and treatment, 
ensuring wastewater is properly treated before being returned to the environment. The use of water 
recycling systems is essential to maintain the environmental viability of projects in water-scarce 
regions. 

4. Cost Analysis 
Cost analysis is an essential part of evaluating the feasibility and profitability of any mining project. 
Mining is a capital- and resource-intensive industry, and the cost structure varies significantly 
depending on several factors, such as the type  of mining (underground or open-pit), the type  of 
mineral being mined, the geology of the deposit, the technology used, and local economic and 
environmental conditions. 

In general, mining costs can be divided into two main categories: 

• Capital Expenditures (CapEx): These are related to the initial investment in infrastructure and 
equipment. 

• Operating Expenditures (OpEx): These cover the daily operational costs, including extraction, 
processing, maintenance, and transportation. 

Underground vs. Open-Pit Mining 

Underground mining typically   has higher operating costs than open-pit mining, due to increased 
demands for safety, ventilation, material transport, and labor. However, capital costs for underground 
projects can be lower, as these tend to be smaller in scale and require less earth movement. Open-
pit mining, on the other hand, involves higher initial costs for the removal of large volumes of material 
but is more efficient in terms of production and operating costs, particularly for large low-grade 
deposits. 

Impact of Mineral Type on Costs 

The type of mineral extracted also significantly impacts costs. Metallic minerals, such as gold, copper, 
and zinc, require complex extraction and refining processes, leading to higher operational costs, 
though their added value is typically   much higher. In contrast, mining of industrial minerals (e.g., clays 
and feldspar) or ornamental rocks (e.g., marble and granite) generally incurs lower operating costs 
due to the simplicity of extraction and processing. 

Local Conditions and External Factors 

Cost analysis in mining must also consider local and external conditions. Key factors include the 
availability of infrastructure (roads, energy, transportation), labor costs, and energy prices, all of which 
are fundamental in determining a project’s feasibility. Additionally, compliance with environmental 
regulations and local laws has become increasingly important, especially in the current context of 
sustainability and corporate Responsibility. 
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This chapter will provide a detailed analysis of the various cost components in the mining industry, 
offering a comprehensive view of how these factors influence the profitability of mining projects and 
how they vary based on the characteristics of each project and region. 

4.1. Estimation of Operating Costs (OpEx) 
Estimating operating costs (OpEx) in the mining industry is essential to determining the profitability 
and viability of any project. Operating costs include all expenses required to keep a mining operation 
running over time, and are typically   related to extraction, processing, transportation of minerals, and 
other operational factors such as maintenance, personnel, and energy. Unlike capital expenditures 
(CapEx), which represent initial investments, operating costs are recurring throughout the life of the 
mine. 

4.1.1. Extraction Costs 

Extraction costs depend largely on the type of mining conducted: 

• Open-pit mining: This type of mining generally has lower operating costs compared to 
underground mining. However, it requires the removal of large amounts of overburden (waste 
material) before accessing the ore, increasing costs in the early stages of operation and 
potentially facing surface restrictions (e.g., protected areas). Key costs include earthmoving, 
heavy machinery use (trucks, excavators), and fuel and energy consumption for extraction 
activities. 

• Underground mining: Operating costs in underground mining tend to be higher due to the need 
for ventilation systems, safety measures, tunnel support, and underground transport systems 
for extracted ore. Additionally, accessing the deposit may require the construction of galleries, 
ramps, or shafts, which increases costs related to skilled labor and technology. 

• Size and geometry of the deposit: Larger deposits or those with regular geometries allow for 
more efficient operation, reducing operating costs. Low-grade disseminated deposits (low 
mineral concentration) require processing larger volumes of material, which can significantly 
increase operating costs. 

4.1.2. Processing Costs 

A significant portion of operating costs comes from mineral processing, including crushing, grinding, 
concentration, and in some cases, refining. These processes demand high energy consumption and the 
use of specific chemicals to separate the ore from the rock. Processing costs vary depending on the 
type of mineral extracted: 

• Metallic minerals: Such as copper, gold, zinc, or silver, require complex and costly processing 
methods like flotation, leaching, or smelting. The use of chemicals, such as sulfuric acid for 
copper leaching or cyanide for gold recovery, increases operating costs. 

• Industrial minerals and ornamental rocks: Processing costs for industrial minerals (e.g., clays, 
feldspars) and ornamental rocks (e.g., marble, granite) are lower compared to metallic 
minerals, as processing methods tend to be simpler, such as cutting and polishing in the case 
of ornamental rocks. 

Additionally, metallurgical recovery is a key factor in processing costs. A higher recovery rate—i.e., a 
greater amount of ore recovered per ton processed—lowers the unit production costs. 

4.1.3. Labor Costs 

Mining is a labor-intensive industry, and personnel-related costs represent a significant portion of 
operating expenses. These include salaries, benefits, as well as the costs associated with training and 
worker safety. Underground mining typically requires more specialized labor compared to open-pit 
mining, which increases operating costs. Additionally, costs can be influenced band local labor market 
conditions, labor policies, and the availability of skilled workers in mining regions. 
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4.1.4. Energy Costs 

Energy consumption is one of the most significant components of operating costs, especially in large-
scale mines operating 24 hours a day. The main uses of energy in mining include: 

• Heavy machinery: Dump trucks, excavators, and drilling equipment consume large amounts of 
fuel in open-pit operations. In underground mines, transportation and ventilation systems also 
require high energy consumption. 

• Processing: Crushing and grinding operations, which prepare the ore for further treatment, 
consume significant amounts of electricity. Energy costs can vary significantly depending on 
the mine's location and available energy sources (conventional or renewable). 

Some regions are investing in renewable energy to reduce energy costs and improve sustainability. 
Areas with abundant solar or wind energy can benefit from lower operating costs, potentially 
enhancing long-term profitability. 

4.1.5. Maintenance and repair 

The maintenance of machinery, processing equipment, and infrastructure is essential to ensure the 
continuous operation of a mine. Maintenance costs can vary significantly depending on the mine's 
operational conditions and the type of machinery used. Regular preventive maintenance reduces the 
risk of equipment failures, which could result in costly production stoppages. 

Maintenance is particularly relevant in underground mining projects, where the safety of installations 
and equipment is critical to prevent accidents and ensure worker welfare. 

In the case of processing plants, maintenance is a crucial activity, often involving complete operational 
shutdowns during specific periods. These shutdowns are a critical task that requires careful pre-
planning to optimize duration and minimize accident risks, especially since many non-regular 
personnel may access the site during this time. 

4.1.6. Transportation and Logistics Costs 

Transportation costs are another important component of operational expenses, especially if the 
extracted mineral must be transported long distances for processing or export. These costs can 
include: 

• Land transport: Using trucks or trains to transport the ore from the extraction site to 
processing plants or export ports. The distance to the final market is a determining factor. 

• Maritime transport: For minerals destined for international markets, maritime transport costs 
can be significant, depending on proximity to ports and available trade routes. 

Mines close to well-developed transportation infrastructure, such as ports, railways, and main roads, 
tend to have lower transportation costs, improving the project's viability. 

4.1.7. Compliance with Environmental Regulations 

Due to its environmental impact, mining is subject to strict regulations regarding waste management, 
conservation of natural resources, and restoration of areas affected band extraction operations. 
Compliance with these regulations generates additional costs, including: 

• Waste management: Proper handling of mining waste, including tailings and overburden, 
requires investments in infrastructure such as tailings dams and containment systems to 
prevent contamination. 

• Mine rehabilitation and closure: At the end of a mine's life, companies must undertake full site 
rehabilitation, including landscape restoration and mitigation of environmental impacts. These 
costs can be significant but are essential to comply with local and international regulations. 

Currently, Europe enforces high environmental standards, which are implemented in practice through 
rigorous oversight band regulatory bodies. 
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4.2. Comparative Analysis Between Regions 
The viability of mining projects in the regions of Alentejo (Portugal) and Castile and León, Extremadura, 
and Andalusia (Spain) varies significantly depending on technical, economic, environmental, and 
infrastructural factors. While all regions present significant opportunities in terms of mineral resource 
exploitation, the comparative analysis reveals that Andalusia appears to have a stronger medium-
term potential due to its advanced infrastructure, mining experience, and global demand for its 
resources. Extremadura has promising projects in Critical Raw Materials (CRMs) and stability in 
ornamental stones, an aspect also reflected in Castile and León. Alentejo plays a strategic role, 
especially in the production of ornamental stones, polymetallic sulfides, and shows medium-term 
potential in critical raw materials. 

4.2.1. Economic Factors 

This section focuses on a detailed comparative analysis of the economic viability in these regions based 
on operational costs, resource accessibility, and their market positioning in Europe and internationally. 
In short, operating costs and market access are key aspects in evaluating the potential of these 
regions: 

• Andalusia: This region stands out economically due to the large deposits of copper, zinc, and 
lead in the Iberian Pyrite Belt. Large-scale operations like Riotinto and Aguas Teñidas allow 
for economies of scale that reduce unit production costs. Projects such as Aznalcóllar (Los 
Frailes) and Las Cruces (PMR) are set to begin production. Additionally, Andalusia benefits 
from access to international markets, particularly through the Huelva port, facilitating exports 
to Europe, Asia, and America. The growing demand for critical minerals for the energy 
transition positions Andalusia as a key player in Europe if some ongoing exploration initiatives 
are successfully developed. As it’s been settled before, the recent advances on metallic 
minerals processing are expected to give a substantial twist to the metal production in the 
region going further to the concentrates production to pure metal production. 

• Extremadura: The region has promising lithium and tungsten projects, which hold great 
economic potential due to the rising demand for these minerals in the battery and green 
technology industries. However, operational costs in some areas of Extremadura can be high 
due to its more remote location and limited infrastructure compared to Andalusia. Despite this, 
lithium and other strategic metallic minerals place Extremadura on the radar of international 
investors, with a large battery factory potentially becoming a reality in the region. 

• Castile and León: In terms of operational costs, Castile and León's profile is strongly influenced 
band its substantial ornamental and industrial stone sector, particularly slate, which offers 
lower operating costs and easy access to European markets. Slate and granite mining are 
some of the most relevant mining activities, characterized band low technical complexity, 
making them a constant source of income, although of lesser magnitude and with lower 
personnel training demands. 

• Alentejo: The projects in Alentejo are dominated band ongoing polymetallic sulfides operations 
and the extraction of limestone, marble and granite, which are highland valuable in the global 
construction and decoration markets. Operating costs in Alentejo are relatively low, making 
the region a competitive producer in the mining sector. However, its access to international 
markets is more limited compared to Andalusia, although the Sines port in Portugal provides 
an important export route. Logistical and connectivity challenges arise, and all above 
mentioned regions would benefit from its resolution. 

4.2.2. Environmental Factors 

This section provides an in-depth analysis of the environmental challenges across the four regions, 
with a focus on sustainability for mining operations. Each region faces specific environmental 
challenges, and managing these impacts is essential for ensuring the long-term viability of mining 
projects. 
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• Andalusia: Mining in Andalusia, particularly in the Iberian Pyrite Belt, generates large amounts 
of solid waste and presents risks of water contamination. However, mining companies have 
implemented advanced waste treatment systems and clean technologies to mitigate these 
effects. Local and European regulations are strict, and mining operations must comply with 
restoration plans and continuous environmental monitoring. 

• Extremadura: Similar to Andalusia, projects in Extremadura, particularly in lithium and 
tungsten mining, face significant environmental challenges, especially when production 
begins. Water use is a critical factor, especially in a semi-arid region with limited water 
resources. Mining operations must adopt advanced water management systems to minimize 
environmental impact, adhering to strict regulations on water use and treatment. 

• Castile and León: Environmental impacts in this region are more associated with the extraction 
of slate, which tend to be less invasive than metallic mining in terms of waste generation and 
chemical use. However, open-pit mining can significantly alter the landscape, requiring mine 
restoration plans to rehabilitate affected areas, as required band applicable legislation, similar 
to other regions. 

• Alentejo: The exploitation of limestone, marble and granite in Alentejo generates considerable 
environmental impact, especially in terms of landscape alteration. However, these projects 
tend to be more manageable from an environmental perspective compared to metallic mining 
(although these are underground mining projects). Local regulations require quarry 
restoration once resources are exhausted, and reforestation and environmental recovery 
plans are being implemented in some areas, that are being implemented by most of the 
quarrying companies. Metallic mining operations in Alentejo have also adopted more 
sustainable practices, leveraging advancements in technology and digital infrastructure to 
continually reduce their environmental footprint and enhance sustainability efforts. 

4.2.3. Infrastructure Evaluation 

This section provides an in-depth analysis of the infrastructure across the four regions, with a focus 
on logistics for mining operations. The availability of suitable infrastructure is a key factor in reducing 
operating costs and ensuring access to international markets. 

• Andalusia: The infrastructure in Andalusia is the most advanced among the compared regions. 
Mines are well-connected to the railway network, and access to the Huelva port (among 
others) facilitates international exports. Additionally, the region has solid energy capacity, 
including renewable energy, which reduces operating costs and improves the sustainability of 
the mines. 

• Extremadura: Extremadura has a less developed transport infrastructure compared to 
Andalusia. Although the region is connected to the national road network, some remote mining 
areas require significant improvements, particularly in railway infrastructure. The lack of 
direct access to major ports also raises transport costs, especially for the efficient export of 
metallic minerals. 

• Castile and León: The region has a good road network and access to ports in northern Spain, 
facilitating the export of its mineral products. Proximity to Portugal also provides access to 
additional markets. However, the development of energy infrastructure and the availability of 
renewable sources are still growing compared to Andalusia. 

• Alentejo: Alentejo is well-connected band road and has access to the Sines port, which 
facilitates the export of marble and granite. However, infrastructure in rural areas could 
benefit from additional investments to improve the efficiency of transporting heavy materials 
from quarries to processing and export centers. It is also important to note the lack of rail 
connection between the interior of Alentejo to ports, and to the Spanish rail system. Which 
difficults exportation prices of quarries products, among other goods. 
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4.3. Evaluation of Project Potential in Each Area 
The prospective or potentiality for CRMs in each region is a combination of the presence of the mineral 
resource in the territory and the profitability of a mining project, as is a key factor in determining its 
technical viability. Evaluating the profitability in the different regions analyzed—Andalusia, 
Extremadura, Castile and León, and Alentejo—requires a detailed assessment of capital expenditures 
(CapEx), operational expenses (OpEx), mineral market prices, and income and return on investment 
(ROI) projections. Additional factors like the internal rate of return (IRR) and net present value (NPV) 
offer a clearer view of the project's ability to generate profits throughout its life cycle. 

Each region has specific characteristics that influence profitability, whether due to the type of mineral, 
economic and logistical conditions, or regulatory and environmental environments. Below is a 
breakdown of potentiality projections band region. 

One of the main obstacles to mineral resource extraction is the Social License to Operate (SLO), as 
stakeholders often raise concerns about environmental protection and the proximity of operations to 
populated areas. Every region has a certain level of difficulty in obtaining SLOs to a specific operation 
according to their environmental, legal, and social settings. 

This presents a challenge since mineral deposits cannot be relocated for exploitation. Another 
significant challenge arises from the conditional zoning of the area of interest, as defined by land use 
planning, for example. These restrictions can complicate the implementation of mining operations, 
generating stakeholder concerns and making it difficult to obtain the necessary licenses. 

To successfully implement an operation, it's crucial to effectively manage the environmental, social, 
and governance challenges. This approach reduces risks and minimizes conflicts with the affected 
communities, creating shared value and addressing stakeholder concerns. Operations with solid 
management, transparency, and accountability for their sustainability to the environmental, social, and 
governance aspects are more likely to obtain SLOs. 

 

4.3.1 Potentiality in Andalusia 

Key Deposits 

The Iberian Pyrite Belt is the most important source of mineral resources in Andalusia, featuring 
projects such as Riotinto, Aguas Teñidas, and upcoming developments at Aznalcóllar and Cobre Las 
Cruces. These mines produce, or will soon produce, mainland copper, zinc, lead, and silver, minerals 
that are in high demand globally, particularly for the energy transition. 

Revenue Projections 

The high demand for copper, essential for renewable technologies and electrical systems, secures a 
stable and growing market. Copper and zinc prices have shown an upward trend, which ensures robust 
projected revenues from these projects. Additionally, while extraction costs are high, they are 
balanced band economies of scale offered band large deposits. 

Profitability Factors 

Advanced infrastructure in terms of transportation and access to renewable energy reduces long-
term operating costs, enhancing project profitability. Proximity to European markets and strong export 
capabilities through key ports also ensure a steady revenue stream. 

The existing refineries for processing concentrates; Atlantic Copper, Cobre Las Cruces and E-LIX 
ATALAYA are crucial for the establishment of an ecosystem of metal producers in Andalusia. 

Conclusion 

Andalusia offers the highest projected profitability in the medium to long term, thanks to a combination 
of large deposits, market access, and strong infrastructure. 
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4.3.2. Potentiality in Extremadura 

Main Deposits 

The key mining projects in Extremadura focus on lithium and tungsten extraction, both considered 
strategic for high-tech industries and the energy transition. Lithium, in particular, is highland attractive 
due to its crucial role in battery manufacturing for electric vehicles. 

Revenue Projections 

The prices of lithium have risen significantly in recent years, driven band demand for batteries and 
energy technologies. This makes lithium projects in Extremadura especially promising in terms of 
long-term income. Tungsten, while less volatile, has a stable market in the defence and precision tools 
industries. 

Profitability Factors 

Operational costs in Extremadura may be higher due to limited infrastructure and the need to transport 
minerals over long distances for processing and export. However, the strategic value of extracted 
minerals and potential investments in energy and logistics infrastructure improvements enhance 
long-term profitability. The region is also affected band depopulation challenges, which may influence 
labour costs and workforce availability. 

Conclusion 

Profitability in Extremadura is high, particularly for lithium projects, provided international demand 
remains strong, and infrastructure improvements are made to support the region's growing mining 
sector. 

4.3.3. Potentiality in Castile and León 

Main projects 

Current projects in Castile and León are primarily focused on the extraction of industrial minerals and 
ornamental stones. The region's historic mining of metals and coal is no longer a major sector. 

Revenue projection 

The minerals Currently exploited in the region, particularly for construction, have a stable demand, 
both domestically and internationally. This ensures a steady stream of revenue. 

Profitability factors 

The region benefits from favourable transport infrastructure, which facilitates market access. 
However, compared to other regions with higher-value minerals, the profitability is limited. 
Additionally, the availability of specialized labour is a concern, as it can increase the cost of operations. 

Conclusion 

Castile and León offers moderate profitability. The most relevant current projects provide long-term 
stability, though the profit margins are lower compared to regions exploiting more valuable resources. 

4.3.4. Profitability in Alentejo 

Main projects 

Alentejo is recognized for its extraction of marble, limestone and granite, making it one of the leading 
producers of ornamental stones in Europe. These materials are highland demanded in both the 
construction and decoration industries, domestically and internationally. Alentejo is also recognized 
by its copper and zinc extraction. Located in the Iberian Pyrite Belt, it’s impossible to overcome the 
importance of this VMS deposit that provides the largest source of Cu, Zn and Pb in Europe. 

Revenue projection 
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Alentejo's marble, renowned for its high quality and aesthetic appeal, allows it to compete in 
international high-end markets. Despite global competition, Alentejo's ornamental products maintain 
a stable niche market, ensuring long-term stable revenues. Additionally, the extraction of polymetallic 
sulfides has an extremely favourable international context, given the rising demand for strategic 
metals. 

Profitability factors 

Alentejo's relatively low operational costs compared to other regions make it a competitive producer. 
Infrastructure for transportation, while not as developed as in Andalusia, is sufficient to meet the 
logistical needs of the industry, with the port of Sines facilitating exports to global markets. However, 
Alentejo's growth potential is somewhat limited band the lack of strategic mineral projects, which are 
gaining more attention globally. 

Conclusion 

Alentejo demonstrates stable profitability with reduced risks, primarily due to the consistent demand 
for its ornamental stones and metal resources. However, future growth may be constrained compared 
to regions that focus on more strategic, high-value minerals unless new mining projects are developed 
to target these sectors. 

5. Potential and of relevant chemical elements 
This chapter aims at summarising the present situation in relation to the most relevant chemical 
elements, both CRMs and other substances, for any of the target regions considered. The available 
information and data may not be updated, hence the following remarks might be further enhanced. 

Gold (Au) 

Alentejo 

• Main Deposits: The region of Montemor-o-Novo has a collection of historical mines and 
abandoned tailings/waste piles from gold mining among other minerals such as Cu, Fe, Sb, As. 
On the other hand, Lagoa Salgada also presents gold mineralization associated with VMS ore 
deposit. 

• Operational status: There are no active mining operations, however, exploration activities are 
ongoing in Lagoa Salgada. Au, is mainly exploited in Alentejo as secondary mineral that results 
from the extraction and processing of other minerals. 

• Resource Volume Estimation: In Lagoa Salgada, the proven reserve for gold is 0,75 pmm in a 
mass of 2,100 kt. No other specific resource volume estimates for gold were found in the 
available documents 

• Source of information: (3) METALOGENETICO_ZSP_400K_Memoria.pdf; (24) Lagoa Salgada 
Mineral Reserve Estimate - Effective July 2023; (25 ) portalgeo – Direção-Geral de Energia e 
Geologia 

Castile and León 

• Main Deposits: Historic deposits exist specially in the Northwest areas, such as Las Médulas, 
where gold has been identified and exploited in alluvial deposits and rock formations. Alluvial 
deposits were intensively exploited in Tertiary and Quaternary materials with hydraullic 
techniques, such as the called “ruina montium”, which consisted of using large quantities of 
water to erode the mountains and liberate the gold-bearing ore; the most outstanding mine of 
this type is Las Médulas, the largest open-pit gold mine in the Roman Empire and one of the 
most important in the ancient world.  

Primary deposits are found mainly in quartz veins, but also in skarn and Carlin-type deposits 
with some other metals such as Cu or As. 
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• Operational Status: There are no active mines in Castile and León. In recent times gold has 
been explored in different types of primary deposits, e.g. Carlin type in Salamón; skarn in 
Carracedo-Estalaya; veins in Salientes-Cuevas del Sil, Andarraso, Prada-Andiñuela and Pino 
del Oro, most of them in León province. In several periods along the 20th century there were 
some explorations projects on Quaternary alluvial deposits, as in the river Omañas, Duerna 
and Eria, all of them in León province. 

• Resource volume estimation: It is estimated that the Romans extracted approximately and 
1,650,000 kilograms (1,650 tonnes) of gold during the mining period between the 1st century 
and BC and the 3rd century and AD. Available estimations of Salamón project yield a resource 
of 0.76 Mt @ 6.64 gAu/t. Estimations in secondary mineralizations are 23 Mm3 @ 150 mgAu/m3 
in the Omañas project,  3.6 Mm3 @ 110 mgAu/m3 in the Valduerna project, and 27.6 Mm3 @ 109 
mgAu/m3 in the Eria alluvial. Regarding Las Médulas, it has been estimated that still there are 
onsite 800-1,000 Mm3 @ 50 mgAu/m3. 

• Source of information: (1) Mapa Geológico y Minero de Castilla y León (SIEMCALSA, 1997). (21) 
La Minería en Castilla y León, SIEMCALSA (2007). 

Extremadura 

• There is historical evidence of gold in the region, especially during Roman times, but no recent 
data on specific volumes or detailed reserves have been found in the documents reviewed. 

Copper (Cu) 

Alentejo 

• Main deposits: Areas within Alentejo, such as the Neves-Corvo and Aljustrel mines, are 
notable sites for copper mining. On the other hand, Lagoa Salgada exploration project also 
presents copper mineralization associated with VMS ore deposit. 

• Operational Status: Some of these deposits are active land being exploited, primary land 
focusing on copper, zinc, and associated metals. 

◦ Active Mines: The Neves-Corvo and Aljustrel mines in the Iberian Pyrite Belt is one of the 
primary sources of copper in Portugal. These mines are operational and are a significant 
contributor to the region's copper production. 

◦ Processing Facilities: Neves-Corvo also includes facilities for processing and extracting 
zinc from the mined ore, besides copper. Aljustrel is investing in the same processing 
lines. 

◦ Exploration activities are ongoing in Lagoa Salgada, for copper and other metallic 
minerals. 

• Resource Volume Estimation: The Neves-Corvo mine and Aljustrel, has reserves estimated in 
the range of tens of millions of tons of copper ore, with varying copper grades typically 
between 2% and 4%. The exact volume can vary based on ongoing extraction rates and 
exploration activities. Nevertheless, in Lagoa Salgada, the proven reserve for copper is 0,26% 
in a mass of 2,100 kt. 

• Future Prospects: The region holds potential for further discoveries and expansions of existing 
deposits due to its geological characteristics, which are conducive to sulfide mineralization. 

• Source of Information: (3) This information was derived from the analysis of mineralization 
patterns in the document titled "METALOGENETICO_ZSP_400K_Memoria" and 
"RMI_ZSP_400K_Memoria."; (24) Lagoa Salgada Mineral Reserve Estimate - Effective July 2023 

Andalusia 

Andalusia is the largest copper producer in Spain, a role it has played since ancient times, with most 
of its copper coming from the Iberian Pyrite Belt. Well-known mines such as Rio Tinto, Tharsis, La 
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Zarza, Aguas Teñidas, Sotiel, Masa Valverde, Aznalcóllar, and Cobre Las Cruces are notable for their 
copper production, which has accounted for around 339 Mt of pyritic and polymetallic sulfide resources 
in recent decades. 

Other areas with copper mining potential are located in the Central Iberian Zone, particularly in the 
Los Pedroches batholith, and in the Ossa-Morena Zone, specifically associated with the Malcocinado 
Formation and the Santa Olalla granodiorite. 

• Main Deposits: Copper deposits in Andalusia are primarily located in the Iberian Pyrite Belt, 
one of the most significant metallogenic provinces in Europe. Key mining areas include the 
mines of Riotinto, Aguas Teñidas, and the Cobre Las Cruces project. Some additional projects 
are underway at present, such as the historical exploitations of Tharsis, La Zarza, Lomero and 
others, as well as several new projects like Escacena and Masa Valverde. 

• Operational Status: The mines of Riotinto and Aguas Teñidas are currently operational. The 
Cobre Las Cruces project is temporarily suspended but is expected to restart with 
underground operations. 

• Resource Volume Estimation: The deposits in the Iberian Pyrite Belt are extensive, with 
significant quantities of copper, as well as zinc, lead, and silver. Detailed volume estimates are 
available in the project's feasibility studies and company reports. 

• Sources of Information: (8) The information regarding copper deposits in Andalusia was 
obtained primarily from geological reports and data specific to the Iberian Pyrite Belt, as well 
as historical data on the mineral industry in the region. Specific volume estimates can be found 
in technical studies and feasibility reports produced band the companies operating in the area. 
This information aligns with what is typically reported in studies related to the mineral wealth 
of Andalusia and specifically the Iberian Pyrite Belt, known for its rich base-metal sulfide 
deposits. 

Castile and León 

• Main Deposits: Historical production of copper in Castile and León was 22,245t between 1861 

and 1963, and was mostly concentrated in the provinces of León and Palencia. In León stands 

out the Profunda and Divina Providencia mines of the Cármenes district, with epithermal 

mineralizations of Cu-Co-Ni that were exploited since the Chalcolithic, but mainly from the 

end of the 19th century to the beginning of the 20th century. In Palencia the main production 

comes from the skarn-type deposits of the Carracedo and Estalaya districts, exploited in the 

mid 19 and 20th centuries. 

• Operational Status: Currently there are no active exploitations, but there are some promising 
exploration projects of Cu-Co-Ni epithermal deposits in Cármenes (León) and Cu-Zn-Sn-W 
skarn deposit in Otero de Herreros (Segovia). 

• Resource Volume Estimation: Otero de Herreros project: 4.6 Mt @ 1.11 %Zn, 0.49 % Cu, 1,400 
gSn/t, 1,300 gWO3/t and 38 gAg/t. There are no available estimations from Cármenes district. 

• Source of information: (21) La Minería en Castilla y León, SIEMCALSA (2007) 

Extremadura 

• Main Deposits: Copper (Cu) is present in several mineral deposits in Extremadura, with notable 
occurrences in both the Central Iberian Zone and the Ossa Morena Zone. 

• Notable areas include: 

◦ Zona Centro Ibérica: Mineralizations are linked to tectonic and magmatic activities with 
occurrences of Pb-Zn-Cu and Pb-Zn-Ag sulfide veins located in granitic areas, often 
controlled band shear zones and extensional faults. 
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◦ Zona de Ossa Morena: Includes skarns with Fe and Cu-Au replacements, as well as veins 
containing Cu-Au-Bi. There are also stratiform Cu-Fe-Au deposits in volcanic sedimentary 
complexes from the Lower to Middle Cambrian period in locations like Las Herrerías de 
Alconchel, La Vicaría, and La Bilbaína. 

• Operational Status: The specific status of copper mines in Extremadura isn't clearly detailed in 
the documents, indicating that many deposits may be in the exploration or inactive stages 
rather than active commercial extraction. 

• Resource Volume Estimation: No precise volume estimates for copper resources were found 
for Extremadura, suggesting that detailed quantifications might not be readily available or are 
subject to further geological studies and exploration phases. 

• Source of information: (15) Information extracted from the document titled "MINERIA 
EXTREMADURA.pdf" 

Lead (Pb) 

Alentejo 

• Main Deposits: Lead occurrences in Alentejo are primarily associated with poly-metallic 
sulphide veins, often found in combination with zinc and copper within shear zones or faults. 
The region also contains stratiform disseminations in volcanic-sedimentary sequences of the 
Upper Precambrian era. 

• Operational Status: For Pb there are current active mines in Neves-Corvo and Aljustrel. In 
Lagoa Salgada there are no mining operations, however, exploration for Pb activities are 
ongoing. 

• Resource Volume Estimation: In Aljustrel concession the 'Volume of Pb: 20,000 tPb/year 
(Mining.com, 2023)' and in Neves-Corvo 22kt of lead concentrate/year. In Lagoa Salgada, the 
proven reserve for Pb is 2,80% in a mass of 2,100 kt. 

• Source of Information: (19) This information was derived from the analysis of mineralization 
patterns in the document titled "METALOGENETICO_ZSP_400K_Memoria" and 
"RMI_ZSP_400K_Memoria."; (24) Lagoa Salgada Mineral Reserve Estimate - Effective July 2023 

Andalusia 

• Main Deposits: Lead (Pb) deposits in Andalusia are typically associated with polymetallic 
sulfides and are found in vein-type formations, often in combination with other elements such 
as Zinc (Zn) and Silver (Ag). The ongoing PMR project at Las Cruces site will produce lead from 
the primary sulfide mineralisation. 

• Location: Known deposits are concentrated in areas like Linares, La Carolina, and other 
locations in the province of Jaén. 

• Operational Status: Most of the lead mining activities in Andalusia are not currently in active 
production but have historical significance. They have been the subject of past extraction 
efforts primarily during the peak of mining operations in the 19th and 20th centuries. 

• Resource Volume Estimation: Specific estimations of the remaining volumes of lead resources 
in Andalusia are not well-documented or available in the current data. The deposits in these 
regions are largely considered to have been significantly depleted during historical extraction. 

• Source of Information: (8) Information extracted from the documents reviewed and general 
historical data about mining in Andalusia. 
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Castile and León 

• Main Deposits: Historical production in Castile and León was 6,539 t, exploited between 1874 
and 1985, mainly in the province of León (mainly Antonina mine) and Soria (mainly Grupo 
Minero Juan de Austria). 

• Operational Status: There is no active lead mining in Castile and León, although there are 
exploration projects in the province of León around Antonina mine and Sta. Bárbara project. 

• Resource Volume Estimation: Antonina mine: 0.7-1.4 Mt @ 5.3 %Zn, 5.2 %Pb and 47 gAg/t. In 
Sta. Bárbara project: 2.9 Mt @ 10.5 %Zn, 7.1 %Pb and 50 gAg/t. 

• Source of information: (21) SIEMCALSA (2007). 

Extremadura 

• Main Deposits: There are notable occurrences of Pb-Zn, Pb-Zn-Cu, and Pb-Zn-Ag in 
Extremadura. These deposits are typically found as vein-type sulfide deposits within or near 
granitic bodies, often controlled by shear zones or faults. Some of the main areas with these 
mineralizations include: 

◦ Abadía, Ibor, San Roque, Plasenzuela, Alcollarín in Cáceres province. 

◦ Siruela, Castuera, Garlitos, El Borracho, Santa Marta, Afortunada, and the area of Azuaga 
in Badajoz province. 

Additionally, stratiform deposits of Pb-Zn-Cu are found in volcano sedimentary levels from 
the Upper Precambrian in areas such as: 

◦ Puebla de la Reina (Mina de Las Herrerías) 

◦ Azuaga (Indicio Fuente de la Gamarra) 

• Operational Status: There is no specific information indicating whether these deposits are 
currently operational. 

• Resource Volume Estimation: No precise estimation of resource volume was found. 

• Source of Information: (15) Information is derived from the document titled "MINERIA 
EXTREMADURA.pdf" 

Silver (Ag) 

Alentejo 

• Main Deposits: There are known occurrences of silver associated with polymetallic sulfide 
veins in Alentejo, specifically linked to Pb-Zn-Ag mineralization. Alustrel and Neves-Corvo are 
active mines that exploit this element as a secondary result from extraction and processing. 

• Operational Status: There are no active mining operations, however, exploration activities are 
ongoing in Lagoa Salgada. Ag, is mainly exploited in Alentejo as secondary mineral that results 
from the extraction and processing of other minerals.  

• Resource Volume Estimation: In Neves-Corvo the mineral reserve (proven + probable) for Ag 
is 33 g/t in a mass of 21,207 kt. In Lagoa Salgada the proven reserve for Ag is 62 pmm in a 
mass of 2,100 kt.  

• Source of Information: (19) The information is derived from references to polymetallic sulfide 
veins in the geological contexts discussed in various regions of Alentejo, particularly linked 
with lead-zinc-silver associations; (24) Lagoa Salgada Mineral Reserve Estimate - Effective 
July 2023 
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Andalusia 

• Main Deposits: The ongoing PMR project at Las Cruces site will produce silver cement from 
the primary sulfide mineralisation. 

• Operational Status: These deposits are currently active or in various stages of exploration and 
development. 

• Resource Volume Estimation: Specific volume estimates for silver are not consistently 
reported in the sources, although the associated deposits are recognized for significant 
resources in other metals like copper, zinc, and lead, which typically contain silver as a by-
product. 

• Source of Information: (8) This information has been compiled from various regional geological 
and mining reports, including sources like "RMI_ZSP_400K_Memoria" and related Andalusian 
mining datasets. 

Castile and León 

• Main Deposits: Minor production associated to the exploitation of Pb, Zn and Cu. 570 kg Ag in 
1975-1983, mostly associated to Pb-Zn Antonina mine (León). Also, there was a small 
production of argenteous lead in the 19th century in Soria and León provinces, and argenteous 
copper in Burgos. 

• Operational Status: Currently, there are no active mines in Castile and León. The most 
advanced exploration projects are Zn-Cu-Sn-W-Ag Otero de Herreros project, in Segovia 
province, and Antonina mine and Sta. Bárbara project in León province. 

• Resource Volume Estimation: Otero de Herreros project: 4.6 Mt @ 1.11 %Zn, 0.49 % Cu, 1,400 
gSn/t, 1,300 gWO3/t and 38 gAg/t. Antonina mine: 0.7-1.4 Mt @ 5.3 %Zn, 5.2 %Pb and 47 gAg/t. 
Sta. Bárbara project: 2.9 Mt @ 10.5 %Zn, 7.1 %Pb and 50 gAg/t. 

• Source of information: (21) SIEMCALSA (2007). 

Extremadura 

• There are no specific references to significant occurrences or active mining projects related 
to silver in the available documents. 

Zinc (Zn) 

Alentejo 

• Main deposits: The region contains polymetallic deposits that are rich in zinc (Zn), copper (Cu) 
and lead (Pb), mainly within the geological formations related to the Ossa-Morena Zone and 
South-Portuguese Zone. Neves-Corvo is an active mine that exploit this element as a primary 
result from extraction and processing. Aljustrel is investing in the same processing lines. 

• Operational status: Neves-Corvo and Aljustrel are active mines with already exploited and 
proven resources of Zn. In Lagoa Salgada there are no mining operations, however, 
exploration for Zn activities are ongoing. 

• Resource volume estimation: In Neves-Corvo the mineral reserve (proven + probable) for Ag 
is 135 kt in a mass of 21,207 kt. In Lagoa Salgada the proven reserve for Zn is 3,10% in a mass 
of 2,100 kt. 

• Source of information: (3,19) The information was derived from geological discussions on the 
polymetallic nature of the Ossa-Morena Zone found in the documents titled 
"METALOGENETICO_ZSP_400k_Memoria" and "RMI_ZSP_400k_Memoria."; (24) Lagoa Salgada 
Mineral Reserve Estimate - Effective July 2023 
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Andalusia 

• Main deposits: Andalusia, specifically the Iberian Pyrite Belt, hosts numerous zinc deposits 
along with other polymetallic ores. Key mining areas include the Riotinto, Aguas Teñidas, and 
Aznalcóllar regions, where zinc is often found in association with copper, lead, and other 
metals. Zinc will be the main product in the new PMR project at Las Cruces site. 

• Operational status: The deposits in the Iberian Pyrite Belt are currently being exploited or are 
in the process of reactivation. Projects like those in Aguas Teñidas and Riotinto are actively 
producing, while the Aznalcóllar site is under plans for reopening. 

• Resource volume estimation: Although there are known significant reserves, specific volume 
estimates for zinc resources in Andalusia were not detailed in the reviewed documents. 

• Source of information: (8) The information is based on details from the documents 
"RMI_ZSP_400K_Memoria," "METALOGENETICO_ZSP_400k_Memoria," and other relevant 
reports on the mining activities in Andalusia. 

Castile and León 

• Main deposits: In Castile and León, indications of zinc deposits are primarily found in the 
Cantabrian Mountains and other northern zones of the region. These areas have hosted zinc 
mineralization associated with sedimentary rock formations. In 1865-1985 16,242 tZn were 
produced, mostly in Palencia and León provinces. The most recent and important mines and 
projects were Antonina mine and Sta. Bárbara project, both in León, and the Otero de Herreros 
project in Segovia. 

• Operational status: Currently, there is no significant active zinc mining operation in Castile and 
León. Historically, these areas have been explored and exploited, but there is no major 
production occurring at this time. The most advanced exploration projects are Zn-Cu-Sn-W-
Ag Otero de Herreros project, in Segovia province, and Antonina mine and Sta. Bárbara project 
in León province. 

• Resource Volume Estimation: Otero de Herreros project: 4.6 Mt @ 1.11 %Zn, 0.49 % Cu, 1,400 
gSn/t, 1,300 gWO3/t and 38 gAg/t. Antonina mine: 0.7-1.4 Mt @ 5.3 %Zn, 5.2 %Pb and 47 gAg/t. 
Sta. Bárbara project: 2.9 Mt @ 10.5 %Zn, 7.1 %Pb and 50 gAg/t. 

• Source of information: (21) SIEMCALSA (2007). 

Extremadura 

• Main deposits: Zinc mineralization in Extremadura is primarily associated with the polymetallic 
deposits found in the Ossa-Morena Zone, where zinc often appears alongside other metals 
like lead and copper. 

• Operational status: Currently, there are no major zinc mining operations active in 
Extremadura, though exploration activities have been carried out in the past, especially in 
polymetallic districts. 

• Resource volume estimation: There are no specific estimates for zinc volumes in Extremadura 
mentioned in the reviewed documents. 

• Source of information: (15,16,17,18) The information is based on details from the documents 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria." 

Iron (Fe) 

Alentejo 

• Main deposits: Iron mineralization in Alentejo is known to occur mainly in sedimentary and 
volcanic formations, particularly within the Iberian Pyrite Belt, where iron is present in 
association with other sulfide minerals. 
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• Operational status: There are no large-scale iron mining operations currently active in 
Alentejo, although historical mining activities did exploit some of these resources in the past. 

• Resource volume estimation: The reviewed documents do not provide a specific estimation of 
iron resource volumes in the Alentejo region. 

• Source of information: (19) The information is based on details from the 
"METALOGENETICO_ZSP_400K_Memoria" document. 

Andalusia 

• Main deposits: Andalusia has several significant iron ore deposits, particularly in the Sierra 
Morena region and the Alquife mine in the province of Granada. Alquife has historically been 
one of the largest iron ore deposits in Western Europe. 

• Operational status: The Alquife mine is currently operational, with ongoing production and a 
focus on exporting iron ore to international markets, particularly through the ports of Málaga 
and Motril. 

• Resource volume estimation: The Alquife deposit has been estimated to contain significant iron 
ore resources, but specific volume details are not clearly outlined in the reviewed documents. 

• Source of information: (8) The information is derived from knowledge of current industrial 
operations in Andalusia. 

Castile and León 

• Main deposits: The main iron deposits in Castile and León are in the Astorga-Ponferrada 
mining district, outstanding the mines called Coto Wagner, Coto Vivaldi and Coto San Bernardo, 
all of them Ordovician oolithic type. The main production was in the periods 1861-1920 (108,804 
t) and 1952-1990 (12,239,697 t), and was the basis for the Ponferrada steel industry. 

• Operational status: Currently, there are no active iron mining operations in Castile and León, 
as the extraction of iron has largely ceased due to economic and logistical challenges. 

• Resource volume estimation: The whole resource for the Astorga-Ponferrada district is 
around 270 Mt @ 52-53% Fe. 

• Source of information: (1) Information has been gathered from the document Geological Map 
of CyL and external knowledge on historical mining activities in Castile and León. 

Extremadura 

• Main deposits: The main indications of iron in Extremadura are found in the Sierra de Gata and 
Los Pedroches areas. Historical records indicate that these regions were explored for iron 
ore, with some small-scale operations in the past. 

• Operational status: Currently, there are no active iron mining operations in Extremadura. The 
deposits are not being commercially exploited due to the low grade of the ore and the lack of 
competitive advantage compared to other regions. 

• Resource volume estimation: There are no recent or reliable estimates of iron ore volumes in 
these deposits. The lack of recent exploration and development activities has resulted in 
limited data availability. 

• Source of information: (15,16,17,18) The information is based on the documents "MINERIA 
EXTREMADURA.pdf" and "METALOGENETICO_ZSP_400K_Memoria," along with additional 
historical context about mining activities in Extremadura. 
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Tin (Sn) 

Alentejo 

• Main deposits: Alentejo has known occurrences of tin associated with the regions of the Iberian 
Pyrite Belt (IPB), where tin is often found in conjunction with other mineral deposits such as 
copper and zinc. However, tin is not the primary focus of mining activities in these areas, and 
the mineralization is typically of low grade. 

• Operational status: Currently, there are no active tin mining operations in Alentejo. Tin is not 
being directly exploited, as the economic viability of these deposits is limited in comparison to 
more abundant metals in the region. On the other hand, in Lagoa Salgada the exploration for 
Sn activities are ongoing. 

• Resource volume estimation: In Lagoa Salgada, the proven reserve for Zn is 0,15% in a mass 
of 2,100 kt. 

• Source of information: (19) The information has been extracted from the document 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria," which provide 
details on the mineralization patterns in the Iberian Pyrite Belt, along with relevant geological 
insights; (24) Lagoa Salgada Mineral Reserve Estimate - Effective July 2023 

Andalusia 

• Main deposits: In Andalusia, tin occurrences are primarily linked to the Iberian Pyrite Belt (IPB) 
and the surrounding areas. These deposits often occur in association with polymetallic 
mineralizations, including copper, zinc, and other metals. Specific tin deposits have been 
historically identified in areas such as the Sierra Morena, since they are currently finishing 
their permitting procedure. 

• Operational status: Currently, there are no active mining operations focused solely on tin in 
Andalusia. Tin is often considered a by-product of other mining activities in the region, 
especially those targeting base metals like copper and zinc. 

• Resource volume estimation: There are no precise estimates of tin reserves in Andalusia, as 
tin is not the primary focus of exploration and mining in the region. Most deposits are of low 
grade, which limits the feasibility of dedicated tin mining operations. 

• Source of information: (8) This information has been gathered from the documents 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria," which discuss the 
mineral potential of the Iberian Pyrite Belt and the broader geological framework of Andalusia. 

Castile and León 

• Main deposits: In Castile and León, tin occurrences are primarily found in association with 
granite-related mineralization, particularly in the western regions of the region, such as in the 
provinces of Salamanca and Zamora. Historical mining activities were more prominent in these 
areas due to their tin and tungsten potential. Production in 1861-2004 was 8,928 tSn, mostly in 
Salamanca, outstanding the following mines: Feli, Mari Tere, El Cubito and Casualidad, Sta. 
Elisa, etc. (quartz veins with Sn+/-W); Golpejas (albititised granite with Ta) and Insuperable 
(placer). 

• Operational status: Currently, there are no active mining operations exclusively dedicated to 
tin in Castile and León. Any tin extracted in the area is typically a by-product of other mining 
activities targeting minerals like tungsten (W). The most important exploration projects are 
Valtreixal (Zamora, Sn-W in quartz veins), Otero de Herreros (Zn-Cu-Sn-W-Ag in skarn) and 
the re-opening of Mina Mari Tere in Lumbrales (Salamanca) 

• Resource volume estimation: Lumbrales: 2.54 Mt @ 2,500 gSn/t and 100 gMo/t. Valtreixal: 2.83 
Mt @ 1,300 gSn/t and 2,500 gW/t. Otero de Herreros: 4.6 Mt @ 1.11 %Zn, 0.49 % Cu, 1,400 gSn/t, 
1,300 gWO3/t and 38 gAg/t. 
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• Source of information: (1) This information is derived primarily from the document titled 
"Documento 1," which discusses the mineral resources and geological features of Castile and 
León. (23) Almonty website: Valtreixal Reserves/Resources NI 43-101 

Extremadura 

• Main deposits: Tin deposits in Extremadura are primarily found in the areas with granite and 
pegmatite formations. Notable occurrences include regions such as the Sierra de Gata and 
Las Villuercas in the province of Cáceres, which have historically been recognized for their tin 
and associated tungsten (W) mineralization. 

• Operational status: Currently, tin is not actively mined as a primary resource in Extremadura. 
However, there are ongoing exploration activities in some areas, and tin is sometimes 
recovered as a by-product of tungsten extraction. 

• Resource volume estimation: The specific volumes of tin resources in Extremadura are not 
well-documented in the available sources. The deposits are generally considered to be of 
moderate size, with historical exploitation indicating potential for further exploration. 

• Source of information: (15,16,17,18) This information is based on the documents 
"METALOGENETICO_ZSP_400K_Memoria," "RMI_ZSP_400K_Memoria," and the recent 
"MINERIA EXTREMADURA.pdf," which provide detailed geological and mineralogical insights 
into the region. 

Tungsten (W) 

Alentejo 

• Main deposits: Tungsten occurrences in Alentejo are primarily associated with the northern 
part of the region, close to the Portuguese extension of the Iberian Variscan Belt. The 
mineralization is typically linked to granitic intrusions and metamorphic terrains, with 
indications in areas such as the Ossa-Morena Zone, which has geological conditions 
favourable for tungsten deposits. 

• Operational status: Currently, there are no known large-scale tungsten mining operations 
actively extracting this mineral in Alentejo. Historical mining activities did take place, 
particularly during periods of high demand, such as during the world wars. 

• Resource volume estimation: There is limited information available on the precise volumes of 
tungsten resources in the Alentejo region. The existing data points to minor occurrences that 
may have economic potential if explored further. 

• Source of information: (19) The information has been derived from the 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria" documents, which 
outline the geological structures and historical mining records of the region. 

Andalusia 

• Main deposits: The mining potential for tungsten (W) in the Andalusian region is highly localized 
and presents very limited interest. One of them is the Los Pedroches Batholith (Córdoba) and 
its immediate surroundings, whose characteristic feature is the presence of mineralization not 
only of tungsten (W) but also of other critical metals such as bismuth (Bi) and tin (Sn). The area 
of greatest interest is located in the northern part of the province of Córdoba, in the eastern 
sector of the Los Pedroches Batholith. It is divided into two subzones: one to the south of the 
batholith, from Montoro to the southeast of Villanueva de Córdoba. The other, around 80 km 
long, extends from the Sierra de Andújar to the vicinity of Belalcázar. In both cases, the 
mineralization is found in monzogranites or within the thermal metamorphism aureole, always 
very close to both lithologies. It consists of wolframite in massive white quartz veins, 
associated with tensional structures with a single filling episode. Another tungsten 
occurrences in Andalusia are also associated with the Sierra Nevada region and other granitic 
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belts found in the province of Granada. Notable deposits are linked to skarn-type 
mineralization and contact zones between granitic intrusions and metamorphic rocks. 
Historical evidence suggests that these areas have had minor occurrences of tungsten. 

• Operational status: Currently, there are no large-scale active mining operations specifically 
focused on tungsten in Andalusia. However, small-scale or exploration activities might still be 
ongoing due to the high value of this metal. 

• Resource volume estimation: There is limited publicly available data on the exact volume of 
tungsten resources in the region. The known occurrences are generally considered minor and 
not sufficient for large-scale production at present. 

• Source of information: (8) Information has been compiled from the "RMI_ZSP_400K_Memoria" 
and "METALOGENETICO_ZSP_400K_Memoria" documents, which provide geological overviews 
and historical mining data for Andalusia. 

Castile and León 

• Main deposits: Tungsten occurrences in Castile and León are mainland found in the province 
of Salamanca. The mineralization is primarily associated with quartz veins in granitic 
intrusions. The 1904-1986 production was 8,995 tWO3, mostly in Salamanca. The most 
outstanding mines are Barruecopardo, nowadays in operation (quartz veins with W); Los 
Santos, active in 21th century (skarn); Peña do Seo in León (quartz veins) and the 
aforementioned Valtreixal project (Zamora). 

• Operational status: The Barruecopardo mine was recently reopened and is one of the few 
active tungsten mining operations in Europe. It has seen renewed interest due to the 
increasing demand for tungsten in various industrial applications. The Los Santos mine has 
also been operational until recent years, though its activity can fluctuate depending on market 
conditions. The most advanced exploration projects are Valtreixal (Zamora, Sn-W in quartz 
veins) and Otero de Herreros (Segovia, Zn-Cu-Sn-W-Ag in skarn). 

• Resource volume estimation: The Barruecopardo deposit has been reported to contain a 
substantial amount of tungsten, with estimates indicating resources in the range of several 
million tonnes of ore with significant tungsten content. Specific data on the Los Santos deposit 
is more limited but suggests it is also a notable source of tungsten in the region. Additionally, 
Valtreixal deposit has a resource of 2.83 Mt @ 1,300 gSn/t and 2,500 gW/t, and Otero de 
Herreros 4.6 Mt @ 1.11 %Zn, 0.49 % Cu, 1,400 gSn/t, 1,300 gWO3/t and 38 gAg/t. 

• Source of information: (1) Information has been gathered from Document 1 (specific to Castile 
and León) and other regional mining reports that provide data on the geology and production 
history of these deposits. (23) Almonty website: Valtreixal Reserves/Resources NI 43-101. 

Extremadura 

• Main deposits: Extremadura has several significant tungsten occurrences, with the most 
notable deposits being the "La Parrilla" mine near Almoharín in the province of Cáceres. This 
deposit is one of the largest tungsten resources in Spain. The mineralization is typically 
associated with quartz veins and skarn formations within granitic rocks. 

• Operational status: The La Parrilla mine is currently active, with modern production operations 
focused on meeting the demand for tungsten. It has seen significant investment in recent 
years, aiming to become a major supplier of tungsten concentrate to the European market. 

• Resource volume estimation: The La Parrilla deposit is estimated to have several million 
tonnes of ore with a high-grade tungsten content. Production levels have been designed to 
deliver a substantial annual output, positioning it as one of the leading tungsten producers in 
the region. 

• Source of information: (15,16,17,18) The information has been extracted from the documents 
"METALOGENETICO_ZSP_400K_Memoria," "RMI_ZSP_400K_Memoria," and "MINERIA 
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EXTREMADURA," which provide detailed insights into the geological characteristics and 
current status of tungsten mining activities in Extremadura. 

Lithium (Li) 

Alentejo 

• Main deposits: Currently, there are no known deposits of lithium in Alentejo. 

Andalusia 

• Main deposits: In Andalusia, lithium occurrences were primarily associated with pegmatitic 
rocks and granitic formations. These geological settings have shown potential for lithium 
mineralization, specifically in areas close to the Sierra Morena. Although lithium exploration 
is not as advanced in Andalusia as in other regions, the area's geological characteristics 
suggest a possibility of discovering significant lithium deposits. In recent times, the most 
promising lithium (Li) in Andalusia is found in post-tectonic Neogene basins, in the form of 
brine, with the Almería Depression standing out, including the Almanzora and Bajo Andarax 
basins, as well as those of Pulpí, Campo de Dalías, Sorbas-Tabernas, Níjar-Carboneras, and 
in the Arteal area in Sierra Almagrera, all located in the province of Almería. 

• Operational status: Currently, there are no operational lithium mines in Andalusia. However, 
the region is under consideration for potential exploration projects, driven by the increasing 
demand for lithium in energy storage and electric vehicle battery manufacturing. 

• Resource volume estimation: No specific resource volume estimates for lithium deposits in 
Andalusia have been documented as of now. The region's lithium potential is still under 
evaluation, and detailed exploration data are required to determine the size and quality of any 
possible reserves. 

• Source of information: (19) The information has been gathered from the documents 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria," which provide 
geological context and indicate areas of interest for lithium exploration in Andalusia.  

Castile and León 

• Main deposits: There are some indications of lithium-bearing minerals in pegmatites within 
the geological formations of Castile and León. The presence of lithium is mainly associated 
with granitic and pegmatitic rocks found in areas of the provinces of Salamanca mainly. These 
areas have been identified as having potential for lithium mineralization due to their geological 
characteristics, which are similar to other lithium-rich areas in Spain. 

• Operational status: Currently, there are no active lithium mining operations in Castile and León. 
From the mid 1990’s to mid 2010’s there were two quarries of Li-bearing pegmatites in La 
Fregeneda (Salamanca), whose production was addressed to the ceramic sector in the East 
coast of Spain. In the 1960’s there was a small production of Li concentrate in the Sn-Li 
Barquilla mine (Salamanca). Nowadays, there are several exploration projects (e.g. 
Villasrubias) at an early stage, with a focus on assessing the viability and economic potential 
of the identified occurrences. 

• Resource volume estimation: No specific estimates of resource volume for lithium have been 
reported in Castile and León. Further exploration and detailed geological studies are needed 
to determine the quantity and quality of lithium reserves. 

• Source of information: (1,21) The information has been extracted from document 1 related to 
Castile and León, which discusses the region's mineral resources and potential for future 
exploration of lithium deposits. 



Grant Agreement: 101084028   

I4-GREEN | D6.5 Industrial strategic geological resources and recovery of CRMs Page 55 of 69 

Extremadura 

• Main deposits: Extremadura is one of the most promising regions in Spain for lithium 
exploration, with several significant lithium-bearing deposits identified. The most notable 
deposits include the "Valdeflórez" project near Cáceres and the "Las Navas" project in 
Cañaveral, being the latter in a much more advanced stage with the permitting procedure. The 
lithium in these areas is primarily found in pegmatitic rocks, which are known for their 
potential to host economically viable concentrations of lithium. 

• Operational status: The lithium projects in Extremadura are currently in the exploration phase, 
with plans to advance to development stages in the coming years. The Valdeflórez project has 
faced some social and environmental challenges, particularly due to its proximity to urban 
areas, leading to modifications in the mining approach. Despite these hurdles, the region 
remains a focus of interest for future lithium production. 

• Resource volume estimation: The Valdeflórez project has been reported to contain significant 
lithium reserves, with initial estimates suggesting around 1.2 million tonnes of lithium 
carbonate equivalent (LCE). The exact resource volume for the Las Navas project has not been 
fully disclosed but is also considered substantial based on initial exploration data. 

• Source of information: (15,16,17,18) The information was primarily sourced from the documents 
"MINERIA EXTREMADURA.pdf" and "RMI_ZSP_400K_Memoria.pdf," which provide a detailed 
overview of the region's mineral potential and ongoing lithium exploration activities. 

Uranium (U) 

Alentejo 

• Main deposits: Alentejo has some occurrences of uranium mineralization, although they are 
not considered to be of significant commercial importance compared to other regions. The 
uranium in Alentejo is generally associated with the geological formations of the Iberian 
Massif, particularly in areas with granitic and metamorphic rocks. 

• Operational status: Currently, there are no active uranium mining operations in Alentejo. The 
focus on uranium in this region has decreased due to both environmental concerns and the 
lack of economically viable deposits that can be exploited under current market conditions. 

• Resource volume estimation: There are no specific estimates available for uranium resource 
volumes in Alentejo. The existing indications do not point to large-scale deposits that would 
justify commercial extraction. 

• Source of information: (19) Information derived from the geological review and mineral 
resource documents provided, including the "METALOGENETICO_ZSP_400K_Memoria" and 
"RMI_ZSP_400K_Memoria" documents, which outline the mineral occurrences in the region. 

Andalusia 

• Main deposits: Uranium occurrences in Andalusia are primarily associated with the granitic 
rocks and other intrusive formations found in regions such as Sierra Morena. The geological 
context suggests the presence of uranium in low concentrations, often related to specific 
mineralized veins and fracture zones within the area's geological structures. 

• Operational status: There are no active uranium mining operations in Andalusia at present. 
Historical exploration efforts have identified the potential for uranium mineralization, but none 
of the deposits have been deemed economically viable for commercial mining activities under 
current conditions. 

• Resource volume estimation: No detailed volume estimates for uranium resources are 
available for Andalusia. The identified occurrences are not considered to be significant enough 
to warrant the development of large-scale mining projects. 



Grant Agreement: 101084028   

I4-GREEN | D6.5 Industrial strategic geological resources and recovery of CRMs Page 56 of 69 

• Source of information: (8) Information gathered from documents such as 
"RMI_ZSP_400K_Memoria" and other geological studies provided, particularly those focusing 
on Andalusia's mineral potential. 

Castile and León 

• Main deposits: Uranium occurrences in Castile and León are known to be associated with the 
granitic and sedimentary formations, particularly in areas such as the province of Salamanca. 
Mina Fé and Corta D, exploited from the 1970’s to 2000, were the most important mines. The 
region has been historically significant for additional uranium exploration, with notable 
deposits located in areas like Retortillo-Santidad and other zones near Ciudad Rodrigo. 

• Operational status: Some of the uranium projects in Castile and León, such as the Retortillo-
Santidad deposit, were previously in the advanced exploration or development stage but have 
faced regulatory and environmental challenges. These projects are not currently in active 
production due to delays in obtaining necessary permits and public opposition. 

• Resource volume estimation: Estimates suggest significant uranium reserves in Castile and 
León, particularly in the Retortillo-Santidad deposit, which has been evaluated to contain 
several million pounds of uranium oxide (U3O8). However, the exact volume can vary depending 
on exploration results and regulatory approvals. 

• Source of information: (1) Information is drawn from Document 1 of the provided list and other 
detailed geological reports, indicating the strategic importance of uranium resources in the 
region. 

Extremadura 

• Main deposits: Uranium occurrences in Extremadura are found mainly in association with 
granitic and sedimentary formations, similar to other regions in the Iberian Peninsula. Known 
deposits are primarily located in areas like La Haba (Badajoz), which has been subject to 
historical exploration efforts. 

• Operational status: Currently, there are no active uranium mines in Extremadura. The projects 
in the region remain in the exploration or early development phases, facing similar regulatory 
and environmental constraints as other uranium projects in Spain. 

• Resource volume estimation: No precise volume estimates have been reported in the available 
sources for uranium deposits in Extremadura. The historical exploration data suggest a 
presence of uranium that could be of interest if market conditions and regulations become 
favourable. 

• Source of information: (15,16,17,18) Information extracted from the 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria" documents, which 
detail the geological potential of the region for uranium exploration. 

Barium (Ba, Barite) 

Alentejo 

• Main deposits: The occurrence of barium in Alentejo is mainland associated with barite (barium 
sulfate) mineralization. These deposits are typically found in sedimentary rocks and 
hydrothermal veins throughout the region. Known areas of interest include the Aljustrel 
mining area, where barite is present along with other sulfide minerals. 

• Operational status: There is Currently no active extraction of barite in Alentejo. The deposits 
are considered non-operational, although they have been subject to historical mining activities 
in the past. 
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• Resource volume estimation: No specific volume estimates for barium (barite) deposits have 
been found in the available documentation. The potential remains largely untapped, with 
exploration efforts focusing more on other critical minerals. 

• Source of information: (19) Information extracted from the 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria" documents, which 
provide geological insights into the mineral occurrences in Alentejo. 

Andalusia 

• Main deposits: The most important barite deposits in Andalusia are located in Paleozoic and 
Permo-Triassic terrains. The most profitable ones are found in the provinces of Córdoba, Jaén, 
Huelva, Sevilla, Málaga, and Almería. The areas with the greatest mining potential are in the 
northern parts of Córdoba and Jaén. In the province of Córdoba, within the Ossa-Morena Zone, 
they are associated with the Villaviciosa de Córdoba Magmatic Axis and another area near 
Villanueva del Reand, where vein mineralization takes advantage of Alpine faults that 
reactivate Variscan and post-Variscan structures. In the Central Iberian Zone of the province 
of Córdoba, another highland potential strip is located, an alignment approximately  25 km long 
in a WNW-ESE direction and about 6 km wide. In Jaén, the potential area is located north of La 
Carolina, where the mineralization is controlled band N-trending fractures. Andalusia has also 
shown several occurrences of barite (barium sulfate) primarily associated with hydrothermal 
veins and sedimentary deposits. Significant deposits are known to be present in the Sierra de 
Gador and the Sierra Almagrera regions, where barite often occurs alongside other sulfide 
minerals such as lead and zinc. 

• Operational status: Currently, there is no large-scale extraction of barite in Andalusia. 
Although historically mined, the deposits are considered non-operational at present, with 
limited small-scale extraction or exploration efforts. 

• Resource volume estimation: There are no detailed resource volume estimates available for 
barite deposits in Andalusia in the documents reviewed. The mineral's economic potential 
remains under-assessed in comparison to other resources in the region. 

• Source of information: (8) Information has been sourced primarily from the 
"RMI_ZSP_400K_Memoria" and "METALOGENETICO_ZSP_400K_Memoria" documents, which 
provide geological and mineralogical data specific to Andalusia. 

Castile and León 

• Main deposits: Castile and León hosts several occurrences of barite (barium sulfate), primarily 
found in hydrothermal veins and associated with stratiform deposits in carbonate-rich rocks. 
Significant deposits have been identified in the provinces of León and Zamora. 

• Operational status: The deposits in Castile and León are Currently considered non-operational, 
with no active large-scale mining projects focusing on barite. Historically, small-scale 
extraction took place, but it has since ceased. 

• Resource volume estimation: There are no precise estimations of resource volumes for barium 
deposits in Castile and León within the documents c. The economic viability of these deposits 
has not been extensively evaluated or developed. 

• Source of information: (21) Information is primarily derived from the document titled 
"Metalogénesis and recursos minerales en Castile and León," which provides geological and 
mineral resource assessments specific to the region. 

Extremadura 

• Main deposits: Barium, in the form of barite (barium sulfate), is present in several locations in 
Extremadura. The most notable deposits are found in the provinces of Cáceres and Badajoz, 
typically   associated with hydrothermal veins and stratiform deposits. 
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• Operational status: The extraction of barite in Extremadura is not Currently active on a large 
scale. There have been small-scale mining operations Historically, but they are now mostly 
inactive. 

• Resource volume estimation: No detailed estimations of the volume of barium resources have 
been identified in the available documents. The current data does not provide precise figures 
or assessments of the economic potential of these deposits. 

• Source of information: (15,16,17,18) The information is sourced from the document "MINERIA 
EXTREMADURA" and relevant sections of the "METALOGENETICO_ZSP_400K_Memoria," which 
describe the occurrence of barite in the region. 

Phosphorus (P, Phosphate) 

Alentejo 

• Main deposits: There are no significant main deposits of phosphate reported in Alentejo, 
Portugal, in the reviewed documents. The region is not known for phosphate production or 
exploration at present. 

• Operational status: There are no active phosphate mining operations in Alentejo. 

• Resource volume estimation: No estimations of phosphate resources have been found for this 
region. 

• Source of information: (19) The information is based on the review of documents, including 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria," where no 
references to phosphate occurrences in Alentejo were found. 

Andalusia 

The presence of phosphates in Andalusia is not common, and their occurrences are associated with 
two well-differentiated domains: the Variscan Domain and the Betic Domain. 

In the Variscan Domain, the richest area in phosphates is the Central Iberian Zone, where phosphates 
can be found in metamorphic rocks with depositional environment characteristics of platform and 
slope settings, as well as phosphates associated with igneous and vein rocks. Two former exploitations 
stand out, which extracted stratiform mineralizations hosted in Visean limestone olistostromes in the 
Guadiato Basin (Córdoba). Additionally, stratiform mineralizations are found in the Lower Cambrian in 
Puebla de los Infantes (Seville). 

In the Subbetic, within Jurassic carbonate sediments, the presence of "Chard-grounds" covered band 
phosphorites is not uncommon. Similarly, "condensed series" are also frequently observed, 
particularly in the Lower Cretaceous, where concentrations of phosphorites occur. 

• Main deposits: Following the previous comments, there are no significant Main deposits of 
phosphate reported in Andalusia in the reviewed documents. The region does not appear to 
have relevant phosphate occurrences or active exploration efforts at present. 

• Source of information: (8) Information based on the analysis of the documents 
"METALOGENETICO_ZSP_400K_Memoria," "RMI_ZSP_400K_Memoria," and other Andalusia-
specific reports where no mentions of phosphate deposits were encountered. 

Castile and León 

• Main deposits: There are no significant Main deposits of phosphate reported in Castile and 
León within the reviewed documents. The region does not seem to have notable occurrences 
of phosphate, and no active exploration initiatives have been recorded. 

• Operational status: There are no known phosphate mining operations Currently active in 
Castile and León. 
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• Resource volume estimation: No estimates regarding the volume of phosphate resources 
were found for this region. 

• Source of information: (21) The information is based on an analysis of the "Recursos Minerales 
de Castile and León" report and other relevant documents specific to this area, where no 
phosphate occurrences were identified. 

Extremadura 

• Main deposits: There are no significant Main deposits of phosphate reported in Extremadura 
based on the data available from the reviewed documents. The region does not Currently have 
any known occurrences or potential areas of interest for phosphate mining. 

• Operational status: There are no active phosphate mining operations in Extremadura at this 
time. 

• Resource volume estimation: No estimates regarding the volume of phosphate resources 
were identified for this region. 

• Source of information: (15,16,17,18) The information is derived from a thorough review of the 
"MINERIA EXTREMADURA" document and other supporting sources relevant to the region, 
which did not indicate any phosphate-related activities. 

Magnesium (Mg, Magnesite) 

Alentejo 

• Main deposits: There are no significant Main deposits of magnesite identified in the Alentejo 
region based on the available data. Magnesite is not highlighted as a mineral of interest in this 
area. 

• Resource volume estimation: No estimates regarding the volume of magnesium resources 
were identified for this region. 

• Source of information: (19) Information is gathered from the review of the 
"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria" documents, which do 
not list magnesite as a significant resource in the region. 

Andalusia 

Magnesium appears in Andalusia in the form of the mineral magnesite, magnesium carbonate (MgCO3), 
with a content of 47.8% MgO and 52.2% CO2, and it is the main natural source of magnesia. In Andalusia, 
a total of 13 magnesite occurrences have been inventoried, all located in the province of Almería. These 
are small deposits associated with the Middle-Upper Triassic dolomites of the Alpujárride Complex. 
The southern and southeastern slopes of the Sierra de Gádor, at altitudes between 100 and 600 meters, 
are dotted with thousands of small, chaotic mining workings, no larger than 8-10 meters in maximum 
dimension, which were opened for the extraction of magnesite. This activity experienced its peak 
during World War I and the post-war period in Spain. 

• Main deposits: According to that, there are no significant Main deposits of magnesite identified 
in the region of Andalusia according to the data available. Magnesite is not prominently 
mentioned as a resource in this area. 

• Operational status: There are no known active operations for magnesite mining in Andalusia. 

• Resource volume estimation: No estimations of resource volume for magnesite have been 
found in this region. 

• Source of information: (8) The analysis is based on data from the documents 
"METALOGENETICO_ZSP_400K_Memoria," "RMI_ZSP_400K_Memoria," and other related 
sources that do not highlight magnesite as a mineral of economic interest in Andalusia. 
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Castile and León 

• Main deposits: The main deposit of magnesite is the Borobia deposit, in Soria province. 

• Operational status: The Borobia mine is in operation since mid-2000’s. 

• Resource volume estimation: There are no precise recent estimations of the volume of 
magnesite resources available, but the deposits in Castile and León are recognized as 
substantial on a national scale. 

• Source of information: (1) This information has been derived from Document 1, which focuses 
on mineral resources in Castile and León, highlighting the presence and historical significance 
of magnesite in this region. 

Extremadura 

• Main deposits: There are no significant indications or known deposits of magnesite reported in 
Extremadura. The region's geology does not appear to favour the formation of this mineral in 
commercially relevant quantities. 

• Source of information: (15,16,17,18) This conclusion is based on the analysis of documents, 
including the METALOGENETICO_ZSP_400K_Memoria and RMI_ZSP_400K_Memoria reports, as 
well as the document titled "MINERIA EXTREMADURA.pdf." 

Fluor (F, Fluorite, Fluorspar) 

Alentejo 

• Main deposits: There are no significant indications or known deposits of fluorite reported in 
Alentejo. The geological conditions in this region do not prominently feature fluorite formations 
that would be commercially viable. 

• Resource volume estimation: No estimates regarding the volume of fluorite resources were 
identified for this region. 

• Source of information: (19) This information is based on the analysis of the 
METALOGENETICO_ZSP_400K_Memoria and RMI_ZSP_400K_Memoria reports, which cover the 
mineralogical potential of the area comprehensively. 

Andalusia 

The fluorite occurrences are concentrated in the provinces of Almería, Córdoba, Málaga, and Granada, 
the latter being home to the only active fluorite mine located in the municipality of Órgiva. 

In the Ossa-Morena Zone, fluorite is found in different metallogenic units or domains, with varied types, 
hosted in rocks dating from the Upper Precambrian to Lower Cambrian, which were heaviland 
deformed band the Variscan Orogenand. Notable occurrences in the province of Córdoba include: Cerro 
Muriano, Chaparral, Perseverancia, Grupo Minas Gloria, La Florina-Mirabueno, La Cardenchosa, the 
Villanueva de Córdoba and Cardeña mining district. 

In the Betic Internal Zone, the main occurrences are found in the Alpujárride Complex, although there 
are less significant ones in the Maláguide Complex. In the Alpujárride Complex, fluorine (F) 
mineralizations are associated with Pb-Zn occurrences. They are hosted in dolomites and limestones 
of the Middle-Upper Triassic carbonate formations in the central-eastern Alpujárride units, especially 
in the lower tectonic units. Most of the mineralizations are stratiform, sometimes vein-like. The most 
important deposits are located in the Sierra de Gádor, Sierra de Lújar, and Sierra de Baza. Other less 
relevant districts include the northwestern edge of the Sierra Nevada, Sierra de las Estancias, Sierra 
Alhamilla, Sierra de la Contraviesa, Sierra Almijara, Sierra Tejada, Cerro del Toro, Turón, and Benínar. 
In Sierra de Lújar is where the only active mine in Andalusia is located. 
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In the Betic External Zone, Pb-F mineralizations are small in scale, mostly hosted in Jurassic series 
of the Middle Subbetic, which occasionally contain subvolcanic basic rock masses. There is an 
occurrence of interest at Las Pedrizas de Mures, southeast of Alcalá la Real (Jaén). 

• Main deposits: Fluorite (CaF₂) deposits are known in several areas within Andalusia, primarily 
in the provinces of Granada and Córdoba, as previously said. These deposits are associated 
with hydrothermal processes, often linked to carbonate rocks. The most notable occurrences 
of fluorite have been identified in the Sierra de Baza and in the areas near Priego de Córdoba. 

• Operational status: While some fluorite deposits were Historically mined in Andalusia, there is 
no significant large-scale extraction Currently underway. Past operations mainland targeted 
fluorite for industrial uses, such as in the production of hydrofluoric acid and in the steel 
industry. 

• Resource volume estimation: There is no precise estimation of the fluorite resource volume 
available in the public domain for the current state of these deposits. Historical records 
suggest moderate levels of production, but no detailed quantified data has been identified. 

• Source of information: (8) The information has been derived from the documents 
METALOGENETICO_ZSP_400k_Memoria and RMI_ZSP_400k_Memoria, which discuss the 
mineralization processes and the known occurrences of fluorite in Andalusia, as well as 
additional resources from documents 6 and 10 that apply to the region. 

Castile and León 

• Main deposits: Some deposits of fluorite are found in Castile and León, particularly in the 
province of León. The mineral is hosted by Carboniferous carbonate rocks and occurs in 
hydrothermal veins, small masses and disseminated  

• Operational status: Some of the fluorite deposits in Castile and León have been historically 
mined, with a focus on producing fluorite for industrial applications, such as in the production 
of ceramics, chemicals, and metallurgy. However, large-scale active mining operations are 
limited, with extraction activities being sporadic or small-scale. None of them is currently 
active. 

• Resource volume estimation: There is limited publicly available data regarding the precise 
volume of fluorite resources in the region. Historical data indicates a moderate to significant 
production potential, especially in the areas where fluorite is found in relatively high purity and 
concentration. 

• Source of information: (1) The information is primarily based on the regional mining reports 
and data from Document 1, which provides detailed geological and mineralogical information 
specific to Castile and León. 

Extremadura 

• Main deposits: Fluorite occurrences in Extremadura are relatively limited compared to other 
regions. The mineral is mainland found in association with hydrothermal veins, often alongside 
other minerals such as quartz and barite, in localized areas, particularly in the northern parts 
of the region. 

• Operational status: There are no large-scale mining operations dedicated specifically to 
fluorite in Extremadura. The mineral has been identified in minor occurrences, but these 
deposits are not Currently being exploited on a commercial scale. 

• Resource volume estimation: There is no significant data available indicating the exact volume 
of fluorite resources in Extremadura. The deposits identified so far appear to be relatively 
small and not sufficient for large-scale extraction. 

• Source of information: (15,16,17,18) The information is derived from the geological surveys and 
mineral resource reports included in the documents titled 
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"METALOGENETICO_ZSP_400K_Memoria" and "RMI_ZSP_400K_Memoria," which cover mineral 
occurrences in Extremadura. 

Strontium (Sr, Celestite) 

Alentejo 

• Main deposits: Strontium, in the form of celestite (SrSO₄), has been reported in the Alentejo 
region, mainland in sedimentary basins. The occurrences are often found associated with 
evaporitic deposits, which is a common geological setting for celestite formation. 

• Operational status: There are Currently no significant strontium extraction activities or 
dedicated mining operations in Alentejo. The identified occurrences are not being exploited on 
a commercial scale. 

• Resource volume estimation: There is no detailed estimation of the volume of strontium 
resources available in Alentejo. The deposits are considered minor and are not sufficient to 
justify large-scale mining efforts at this time. 

• Source of information: (19) The information is derived from regional geological studies and 
mineral resource assessments referenced in the "METALOGENETICO_ZSP_400K_Memoria" 
and "RMI_ZSP_400K_Memoria" documents, which cover the mineral resources of Alentejo. 

Andalusia 

• Main deposits: In Andalusia, one of the largest strontium (Sr) deposits in the world is located: 
the stratified celestine (SrSO₄) bodies of Montevives and Escúzar (Granada), within the Upper 
Miocene evaporitic succession of the Granada intramontane basin. With an annual production 
of up to 200,000 tons of almost pure celestine, it is considered the second largest known 
deposit in the world. Strontium in Andalusia is primarily found in the form of celestite. These 
deposits are associated with sedimentary formations, particularly in evaporitic environments. 

• Operational status: The deposits of celestite in Andalusia are actively exploited. Andalusia is 
considered one of the main regions in Spain for celestite production, with ongoing mining 
activities. 

• Resource volume estimation: Specific quantitative estimates of strontium resources in 
Andalusia are not provided in the documents. However, the region is recognized as a 
significant source of strontium in Spain, suggesting substantial resource potential. 

• Source of information: (8) This information has been sourced from regional geological studies 
and mineral resource evaluations mentioned in the "RMI_ZSP_400K_Memoria" and other 
relevant documents covering mineral resources in Andalusia. 

Castile and León 

• Main deposits: There are no deposits of strontium (celestite) reported in Castile and León. The 
region's geological profile does not prominently feature the evaporitic conditions typically   
associated with celestite formation. 

Extremadura 

• Main deposits: There are no known significant Main deposits of strontium (celestite) in 
Extremadura. The region does not present the geological formations typically   associated with 
this mineral. 



Grant Agreement: 101084028   

I4-GREEN | D6.5 Industrial strategic geological resources and recovery of CRMs Page 63 of 69 

Cobalt (Co) 

Alentejo 

• Main deposits: There are indications of Co-bearing deposits associated with Neves-Corvo 
mining concession, cobaltite (CoAsS). 

• Operational Status: There are no specific references to current operational mining activities 
for cobalt in Alentejo. 

• Resource Volume estimation: No specific estimates of resource volume for cobalt deposits in 
Alentejo are available from the reviewed documents. 

• Source: (22) The information is derived from the mineralogical context within the Alentejo 
region, particularly the geological zones mentioned in the provided materials. The information 
was also provided from the NI 43-101 Technical Report on the Neves-Corvo Mine, Portugal, 
February 22, 2023. 

Andalusia 

In Andalusia, there have been no cobalt (Co) exploitations as the main mineral; it has always  been 
extracted as a gangue mineral geochemically associated with copper (Cu), nickel (Ni), and other 
metals.  

There is potential in several areas, as gangue to bismuth mineralizations located north of the Los 
Pedroches Batholith (Central Iberian Zone, Córdoba). 

In the Ossa Morena Zone, cobalt is associated with basic lithologies and Fe-Cu mineralizations in skarn 
zones (Guadalcanal, Mina de Cala, Mina de Aguablanca). 

In the Betic Internal Zones (Almería and Granada), mineralizations occur in dolomites of the Alpujárride 
Complex and in the Blanquizares-Oria Unit, with notable occurrences in the Sierras of Los Guájares, 
El Chaparral, and Albuñuelas. Some of these have high cobalt and nickel contents. Also noteworthy 
are the erandthrites of Huétor Santillán (Granada), part of the Sierra Nevada zone in Granada (Güéjar 
Sierra, Dílar, Capileira, and Trevélez, province of Granada). 

In the province of Almería, cobalt occurrences are found in the Sierra de Almagro (municipality of 
Huércal-Overa, Almería) and the Sierra de Las Estancias (Oria, Almería). 

Some massive sulfide mineralizations in the Iberian Pyrite Belt contain cobalt occurrences, more 
frequently in the root zones of the sulfide bodies. 

• Occurrences and deposits: Hence, there are indications of cobalt associated with sulfide 
mineralizations in Andalusia, particularly linked with polymetallic ores in areas with a 
presence of copper, nickel, and other metals. These occurrences are primarily located in 
regions like the Iberian Pyrite Belt. 

• Operational Status: The cobalt occurrences in Andalusia are mostly not in active exploitation 
and are generally considered secondary to the extraction of other metals like copper or nickel. 

• Resource Volume Estimation: There is no specific volume or detailed quantitative estimation 
of cobalt resources available in the documents reviewed. 

• Source of information: (8) Information derived from the regional mineral resource assessment 
and mining reports, specifically focusing on the polymetallic potential in the Iberian Pyrite Belt 
of Andalusia (documents 6 and 10). 

Castile and León 

• Main deposits: Cobalt was obtained as by-product in Profunda and Divina Providencia mines, 
in the Cñarmenes district (León), with 431t in the period 1877-1891. Both mines exploited 
epitermal deposits of Cu-Co-Ni since the Chalcolithic to the beginning of the 20th century. 

• Operational Status: Currently, the Cármenes district is under exploration. 
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• Resource Volume Estimation: There is no specific estimation of cobalt resources available in 
the documents reviewed. 

• Source of information: (1) The information is primarily based on the regional mining reports 
and data from Document 1, which provides detailed geological and mineralogical information 
specific to Castile and León. 

Extremadura 

• Main deposits: Cobalt is present in mineralizations associated with tin and tungsten deposits. 
Specifically, cobalt has been identified in greisen veins at deposits such as San Nicolás, Virgen 
de Gracia, and Mari Juli in the province of Badajoz. 

• Operational status: The information does not specify whether these cobalt deposits are 
Currently being exploited. 

• Resource Volume Estimation: No specific volume estimations for cobalt resources are 
available. 

• Source of information: (15,16,17,18) Information extracted from the document titled "MINERIA 
EXTREMADURA.pdf"(MINERIA EXTREMADURA). 

Other substances and their impact in the Andalusian context 

Antimuonium 

The mining potential for antimony (Sb) in Andalusia is limited, but there are two areas of some interest. 
In the Ossa Morena Zone, south of Espiel (Córdoba), there is a set of vein-type mineralizations of this 
substance, which are controlled band NW-SE oriented fractures. However, the greatest interest is in 
the Central Iberian Zone, to the northeast of La Carolina (Jaén). This is a structural metallotect that 
includes several vein-type occurrences. 

Nickel 

Despite the geographical and geological proximity of the Ni deposit (EGP) of Aguablanca (Badajoz), 
only two Ni occurrences have been inventoried in Andalusia, in the mafic rock outcrops of Ossa-
Morena, Argallón, and Cortegana. 

Additionally, the peridotites of Ronda do not seem to qualify as an area with mining potential for nickel, 
chromium, and platinum group elements, where Cr, Cr-Ni, and Fe-Ni-Cu and/or graphite 
mineralizations are distributed over an area exceeding 2,000 km² in the southwestern extreme of the 
Betic Cordillera. These mineralizations are hosted in materials belonging to the Alpujárride Complex. 
Among the most representative examples are the La Gallega nickel mines in Ojén and the Los Jarales 
district in Carratraca. Currently, all mining operations have been abandoned. The main issue 
encountered with nickel, and especially chromium exploitation in the Ronda mountain range, has been 
its localized concentration in very small volume bodies. 

REE (Rare Earth Elements) 

Although there are no strict signs of rare earth mining in Andalusia, they have been found associated 
with deposits of other minerals, forming part of their crystalline network, such as barite or garnets. 
This is the case with the barite-fluorite veins in the Ossa Morena Zone, and in the Central Iberian Zone, 
high levels have been detected in total rock and in relation to the granite facies of the Pedroches 
Batholith (Córdoba). Rare earths are also associated with the garnets from alluvial deposits of the El 
Hoandazo Volcanic Complex (Almería). 
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6. Conclusions and Recommendations 
The present report is underway, because the available information and the continuum in the changes 
of the mining market and context at both the European and the global scales. Nevertheless, here we 
provide a number of findings and recommendations from the work done so far. 

6.1. Summary of the Most Important Findings 
The geological and mining potential of the regions studied—Andalusia, Extremadura, Castile and León 
(Spain), and Alentejo (Portugal)—demonstrates substantial opportunities for mineral extraction that 
aligns with the European Union's strategic goals for critical raw materials (CRMs). Andalusia emerges 
as the most promising region due to its robust infrastructure, well-established mining sector, and 
proximity to international markets, making it a strong candidate for large-scale extraction projects, 
especially in copper, zinc, and lead. Extremadura, with its rich deposits of lithium and tungsten, shows 
high potential for contributing to Europe’s energy transition, although infrastructural improvements 
are necessary. Alentejo shows considerable promise due to its favorable geological, economic, and 
social conditions. The region already hosts established and competitive mines for metals such as 
copper, zinc, lead, as well as some gold and silver, with new projects emerging for critical and strategic 
raw materials. Alentejo also plays a significant role in quarrying ornamental stone and industrial 
minerals essential for construction and engineering projects. However, logistical and connectivity 
challenges remain, especially regarding transport infrastructure, which is crucial for enhancing the 
competitiveness of the Iberian Peninsula and strengthening Europe’s position in global markets. 
Castile and León and also hold significant prospects in ornamental stones and industrial minerals, 
with the possibility of reactivating historical mining projects, particularly in gold, tin, tungsten and 
copper. 

The technical feasibility of mining in these regions, combined with economic factors such as 
competitive operating costs and access to markets, underscores the viability of further developing 
these regions. Additionally, compliance with stringent environmental regulations ensures that mining 
activities will be aligned with sustainable practices. 

Despite the overall positive outlook, challenges remain. Infrastructure development is crucial for 
unlocking Extremadura's full potential, and Castile and León's future growth will depend on 
technological investments. Furthermore, mining activities must balance economic growth with 
environmental protection, especially in regions where mining has a long history of landscape 
transformation. 

6.2. Recommendations for the development of mining projects 
• Infrastructure Development: Improving transport and energy infrastructure, particularly in 

Alentejo, Extremadura and Castile and León, will be essential to reduce operational costs and 
enhance market access. Collaboration with local governments and EU funding opportunities 
should be leveraged to address these infrastructural gaps. 

• Strategic Focus on CRMs: Given the EU’s increasing demand for critical raw materials, mining 
projects in these regions should prioritize the extraction of lithium, tungsten, copper, zinc, 
cobalt and other essential minerals for energy transition technologies. Investments in the 
exploration of these materials will be crucial to reduce Europe’s reliance on external 
suppliers. 

• Sustainable Mining Practices: Environmental sustainability should remain a priority across all 
regions. The adoption of innovative mining technologies that reduce environmental impacts, 
particularly in water management and waste reduction, will be necessary to maintain 
compliance with EU regulations. A focus on landscape restoration and biodiversity 
conservation should be integral to all projects. 

• Diversification of Economic Activities: While mining remains an essential industry, regional 
economies should seek to diversify their industrial base to create long-term resilience. 
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Developing value chains around mining, such as local processing industries, will provide 
additional economic benefits and job opportunities. 

• Community Engagement and Social Responsibility: Social acceptance is key to the success of 
mining projects. Transparent communication with local communities and active involvement 
in decision-making processes will reduce conflicts and enhance the social viability of mining 
operations. 

Band addressing these recommendations, the regions can maximize the potential of their geological 
resources while adhering to the principles of sustainable development and contributing to the strategic 
autonomy of the European Union.  
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Exterior

Interior

TAMAÑO DE LA EXPLOTACIÓN
DIMENSÃO DA EXPLORAÇÃO

Cielo abierto, aluviales, cortas y trincheras
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Cámaras y pilares
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Dissolução-Evaporação e Outros
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Mediana / Média
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Pigmentos
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Basaltobas
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Grava /Saibros e cascalheirasgrv

Margamar

Halita, sal gema / Halite, sal gemaNa

Ocresocr
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Diatomita / Diatomitodia

Dolomita / Dolomitodo Sienita nefelínicasie

Yeso / Gessoyes

/ Sienito nefelínico
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de la Vega

Villarejo
de Órbigo

Sacramenia

Arquillinos

Santibañez
de Tera

Santibañez
de Béjar

Antigüedad

Navalperal
de Pinares

Torre del Bierzo

Burganes de Valverde

Otero de
Herreros

Piedralaves

Moriscos

Serón de Nágima

Páramo del Sil

Ferreras
de Arriba

Villar
del Buey

El Barco de Ávila

Laguna
Dalga

Barruecopardo

Castropodame

Matamala de Almazán

San Pedro
de Ceque

Palaciosrubios

Huerta del Rey

Fuenterrebollo

Villabuena
del Puente

Villardeciervos

Soto de la Vega

Lastras de
Cuéllar

Cerecinos
de Campos

Melgar
de Tera

Quiruelas
de Vidriales

Santas
Martas

Priaranza del Bierzo

Barbolla

Valoria
la Buena Caleruega

Cabrillanes

Fresnillo
de las Dueñas

San Cebrián
de Campos

Almenar
de Soria

Pedro
Bernardo

Noviercas

Sepúlveda

Lanzahita

Cevico
de la Torre

Vega de Valcarce

Trescasas

San Pedro de Latarce

Pradoluengo

Fresno
el Viejo

Bercianos
del Páramo

Ferreras
de Abajo

Cebrones del Río

Nava de Arévalo

Navas de
San Antonio

Valdemaluque

Vegas del
Condado

Carbajosa de la Sagrada

Rabanales

Villalmanzo

Alcañices

Guisando

Muñopedro

Santa Marta de Tormes

Villaviudas

Santa María de la Isla

Santiago
de la Puebla

Sardón de Duero

San Miguel
del Arroyo

Bermillo
de Sayago

Trabazos

Sarracín
Roperuelos
del Páramo

Mecerreyes

Tiñosillos

Manganeses de la Lampreana

Castellanos de Villiquera

Boca
de Huérgano

Camponaraya

Linares de Ríofrío

Palacios
de la Valduerna

Villalar
de los

Comuneros

Villarino

Manzanal de
Arriba

Valbuena
de Duero

San Román
de Hornija

Santa María
del Berrocal

Ríofrío de
Aliste

Escalona
del Prado

Valdefresno

San Vicente de
La Cabeza

Villalba
de los
Alcores

Almarza

La Fregeneda

Almaraz
de Duero

Horcajo
de las
Torres

Bayubas
de Abajo

Mozarbez

Vegas de
Matute

Gavilanes

Martin Muñoz
de las
Posadas

Castrillo
del Val

Cardeñajimeno

Camarzana
de Tera

Pedrosillo
de los Aires

Vega
de Tera

Alar
del Rey

Peñaranda
de Duero

Aldeadavila
de la
Ribera

San Emiliano

Cabeza
del Caballo

Casillas

Villagarcía
de Campos

Ortigosa
del Monte

Morón de
Almazán

Tortoles
de Esgueva

Valverde
del Majano

Santibañez
de la Peña

Terradillos

El Cerro

Villaseco
de los Reyes

Cimanes
de la Vega

Marugan

La Lastrilla

Cimanes
del Tejar

Santiuste
de San Juan
Bautista

Murias
de Paredes

Mijares

Carrocera

Benavides
de Órbigo

Poza de
la Sal

Juarros de
Voltoya

Castrocalbón

Sotillo de
la Ribera

Bernuy
de Porreros

Cerezo de
Arriba

Gállegos
del Río

Navarredonda
de Gredos

Poyales
del Hoyo

Arcones

Baños de
Valdearados

Valverde de la Virgen

Espinosa de
los Monteros

Tornadizos
de Ávila

Duruelo

La Pola de Gordón

Fresno de
Cantespino

Navafria

Pedraza

Quintana
del Castillo

Zarzuela
del Monte

Puerto
de Béjar

Santa María
La Real
de Nieva

Villasabariego

Montejo de
Tiermes

Quintanas
de Gormaz

Benuza

Valdenebro

Onzonilla

Miranda del
Castañar

Soto y
Amio

Castrejón
de la Peña

San Bartolomé
de Pinares

Santa María
del Tiétar

Villamanín de
la Tercia

Cremenes

Villaluenga
de la Vega

Santo Domingo
de Silos

Puebla
de Lillo

Escarabajosa
de Cabezas

Sotoserrano

Zarzuela
del Pinar

Puente de
Domingo Florez

Buenavista
de Valdavia

Quintanilla-
Vivar

Garrafe
de Torio

Fuentesauco
de

Fuentidueña

Bustillo del Páramo
de Carrion

Pomar
de Valdivia

Rosinos de la Requejada

Hontanares
de Eresma

Llamas de la Ribera

Palazuelos
de Eresma

Santa Colomba
de Curueño

Figueruela
de
Arriba

Arcenillas

Encinas
de Abajo

Villagonzalo-
Pedernales

Villariezo

San Cristóbal
de La Polantera

San Cristóbal
de la Cuesta

Manganeses
de la

Polvorosa

Gomecello

Micereces
de Tera

La Losa

Monterrubio
de Armuña

Revillaruz

San Esteban
del Valle

Valdunciel

Pedrosa
de Duero

Santa Elena
de Jamuz

Espirdo

San Esteban
de la Sierra

Villaverde
de Guareña

Campo
de San Pedro

Vitigudino

Cuevas
de Provanco

Villadangos
del Páramo

Villarejo
del Valle

Sieteiglesias
de Tormes

Bustillo
de la Vega

Arevalillo
de Cega

Valero

Galindo y
Perahuy

Encinillas

Carcedo
de Burgos

Villamontan
de la Valduerna

Escobar de
Polendos

Carrascal
de Barregas

Quintanar
de la Sierra

Canicosa
de la
Sierra

Vilvestre
del Pinar

Valdecarros

Salas de
los Infantes

Palacios
de la Sierra

San Miguel

de Valero
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MAPA DE ROCAS Y MINERALES INDUSTRIALES
DE CASTILLA Y LEÓN

DIRECCIÓN Y COORDINACIÓN: Andrés del Olmo Sanz (IGME)

TRABAJO DE CAMPO
MINAS E INDICIOS MINEROS:

Andrés del Olmo Sanz
Victorio Monteserín López

Jose Manuel Baltuille Martín
Ángel Ferrero Arias

Vanesa Vivar Provencio

Elena Mercedes Montserrat

César Nuño Ortea
María Teresa López López

Javier Rubio Navas

Alejandro Díez Montes

Ana Cabrera FerreroBASES DE DATOS:

SÍNTESIS GEOLÓGICA: Andrés del Olmo Sanz

DIRECCIÓN Y COORDINACIÓN: Ramón Cabrera Ceñal

TRABAJOS DE CAMPO
MINAS E INDICIOS MINEROS:

Ramón Cabrera Ceñal

BASE GEOLÓGICA: GEODE (IGME)

Í

INSTITUTO GEOLÓGICO Y MINERO (IGME) SIEMCALSA

Ángela Delgado Hernández

Eugenio Cordero Martín
Sonia Sendín Manchado

Isabel Sánchez García

Jesús Escudero Tejedor

BASES DE DATOS:

CARTOGRAFÍA S.I.G.:

ESCALA 1:400.000
60. Rocas filonianas básicas. Lamprófidos, diabasas y microdioritas.

59. Rocas filonianas ácidas . Pórfidos, microgranitos, aplitas, pegmatitas, diques de cuarzo.

58. Rocas volcánicas. Basaltos, dacitas, riolitas, ofitas y tobas volcánicas.

57. Leucogranitos. Postcinemáticos.

56. Rocas básicas e intermedias. Postcinemáticos.

55. Granitoides biotíticos. Postcinemáticos.

54. Granitoides de dos micas. Postcinemáticos.

53. Rocas intermedias y básicas. Sincinemáticos.

52. Granitoides inhomogéneos. Sincinemáticos.

51. Granitoides biotíticos. Sincinemáticos.

50. Granitoides de dos micas. Sincinemáticos.

49. Ortogneis.

48. Indiferenciado.

47. Depósitos glaciares. Bloques y cantos.

46. Arenas eólicas.

45. Glacis. Cantos, arenas y gravas.

44. Aluvial. Cantos, arenas y gravas.

43. Terrazas. Cantos, arenas y gravas.

42. Plioceno. Conglomerados, cantos y arenas. Raña.

41. Mioceno. Conglomerados, cantos y arenas.

40. Margas, calizas, arenas, gravas. Facies del Páramo superior.

39. Calizas, margas. Facies de Páramo inferior.

38. Conglomerados, areniscas, arenas limos y arcillas. Abanicos siliciclásticos de Cantoral,

Guardo y Barrillos.

37. Margas, yesos, areniscas y calizas. Facies Cuestas.

36. Conglomerados, areniscas, limos. Facies Tierra de Campos, Facies Tordomar.

35. Calizas, margas, yesos. Facies Dueñas, Villatoro, Facies Cerezo.

34. Conglomerados poligénicos, arenas, limos y arcillas rojas. Series rojas. Sucesión inferior de Langa.

33. Conglomerados, areniscas, arcillas rojas y yesos. Fms. Areniscas de Cabrerizos, Aldearrubia y del Pico.

32. Calizas, margas calizas oncolíticas y costras calcáreas. Calizas de Cubillos, margas de Sanzoles,

Calizas de Valdefinjas.

31. Margas, calizas y dolomías, calizas con foraminíferos plantónicos, turbiditas.

30. Areniscas, conglomerados y costras ferralíticas. Serie Siderolítica, Fm Villalaín.

29. Calizas y dolomías.

28. Coniaciense-Maastrichtiense. Calizas, calizas margosas, areniscas y lutitas.

27. Cenomaniense-Santoniense. Calizas, calizas con ostreidos, dolomías calizas con rudistas,

margas y margocalizas.

Fms. Villa de Ves, Pantano de la Tranquera, Calizas de Linares.

26. Conglomerados, areniscas, arenas, lutitas y calizas. Fms. Utrillas, Arenas y arcillas de Segovia.

25. Calizas con orbitolinas y areniscas. Grupo Oliván.

24. Areniscas, lutitas, conglomerados, arcillas y calizas. Grupo Tera, Fms. Arcera y Aroco,

Grupo Oncala. Grupo Urbión. Facies Weald.

23. Calizas. Grupo Tera. Fms. Aguilar y Cires (Facies Purbeck)

22. Calizas tableadas, nodulosas, arenosas, oolíticas y dolomías. Fms. El Pedregal,

Grupo Chelva.

21. Dolomías tableadas, carniolas, calizas y margocalizas. Fms. Imón, Cortes de Tajuña, Cuevas Labradas,

Turmiel y Barahona.

20. Gravas, areniscas, arcillas versicolores y yesos. Facies Keuper.

19. Dolomías, margas y arcillas dolomíticas. Facies Muschelkalk.

18. Conglomerados, areniscas, lutitas rojas. Facies Buntsandstein y Areniscas de Termancia y Fuentes.

17. Lutitas, areniscas y tobas volcánicas. Fms. Alpedroches y Cañamares.

16. Conglomerados, areniscas y capas de carbón. Cuencas del Bierzo y Villablino.

Fms. Sabero, Cuenca Ciñera-Matallana, Cuenca de la Magdalena, Pernía-Barruelo,

Canseco- Selamón, Remoña, Fm Aliva y Cea.

15. Series carbonatadas carboníferas. Calizas margosas, calizas micríticas, calizas nodulosas,

calizas oolíticas alternancia de calizas y areniscas. Fms. Vidrieros, Vegamián, Alba, Candamo,

calizas de Bachende, calizas de Ves, Vallines, melange del Porma,

caliza de Camasobres, Valdeteja y Barcaliente.

14. Series terrígenas sinorogénicas. Pizarras, areniscas, cuarcitas, conglomerados, calizas.

Fms. San Clodio, S. Vitero, Grupo Prioro, Grupo Potes, S. Emiliano, Beleño,

Grupo Pando, Remoña, Maraña, Cea y Lena.

13. Dolomías, calizas, areniscas, conglomerados, pizarras. Grupo la Vid, Fms. Felmín, Pedroso,

Sta Lucía, Valporquero, Lebanza, calizas de Coladilla, Huergas, Portilla, Ermita y Nocedo.

12. Pizarras negras ampelíticas, y areniscas. Fms. Formigoso y San Pedro, Capas de la Gargantera.

11. Calizas masivas. Calizas de la Aquiana.

10. Cuarcita de Vega, Santibáñez.

9. Pizarras grises y negras, areniscas. Fms. Luarca, Agüeira, Pizarras y areniscas de Pajares.

8. Cuarcitas y areniscas. Fms. Cuarcita Armoricana, Alto Rey, Capas de Lago, Capas superiores del Eo.

7. Gneises glandulares, gneises de grano fino. Fm. Ollo de Sapo.

6. Esquistos y micaesquistos, areniscas. Capas del Mediana, Fm. Angón.

5. Cuarcitas, areniscas, pizarras. Capas de Villamea, Najerilla, Oville,

Río Gatón, Capas de Río Torto, Serie de los Cabos, Barrios, Capas de los Montes.

4’. Pizarras y margas Fm. Río Gatón y Azarrulla.

4. Calizas grises, dolomías calizas nodulares rojas. Calizas de Tamames, Ribota, S. Antón, Vegadeo,

Láncara, Murero y dolomías de Mansilla.

3. Areniscas, cuarzoarenitas, lutitas y conglomerados. Grupo Cándana, Fms. Jalón, Herrería, Puntón,

Pizarras de Riocabado y areniscas de Barbadillo del Pez.

2. Conglomerados y pizarras. (U. Superior) Complejo Esquisto-grauváquico. Fms. Monterrubio

y Aldeatejada.

1. Conglomerados areniscas, cuarcitas, pizarras y porfiroides. (U.Inferior) Serie de Villalba.

Fm. Pizarras del Narcea y Mora.

SUSTANCIAS Y USOS PRINCIPALES

ACTIVO

ABANDONADO

Datos de actividad consultados en las Secciones Provinciales de Minas

ARCILLA COMÚN. Cerámica estructural

ARCILLA CAOLINÍTICA. Gres, plasta blanca

CERÁMICA Y VIDRIO

ARENA SILÍCEA (SiO2). Vitrificante

CAOLÍN (Al2Si2O5(OH)4). Plasta blanca

CUARCITA, CUARZO. Vitrificante

FELDESPATO. Fundente, esmaltes y fritas

MINERALES Li*. Fundente

WOLLASTONITA (Ca3Si3O9). Fundente

* Pegmatita con lepidolita o espodumena

ARENISCA

CALIZA, DOLOMÍA y MÁRMOL

CUARCITA, ESQUISTO

GNEIS

ROCAS GRANÍTICAS

PIZARRA

GRAVA (+/- arena)

GRANITO, PÓRFIDO, GNEIS

DIABASA, OFITA

CUARCITA, CUARZO

CORNEANA

CALIZA, DOLOMÍA, MÁRMOL

ARENA

ÁRIDOS

PIEDRA NATURAL

INDUSTRIA QUíMICA Y METALÚRGICA

VARIOS

ARCILLAS ESPECIALES *. Absorbentes

ARENA SILÍCEA. Moldes, filtros, abrasivos, refractarios

BARITA (BaSO4). Densificador lodos de sondeo

CALIZA (CAC03). Cargas, azúcareras, piensos, desulfuración gases

CUARZO. Piedra artificial

GRAFITO. Mina de lápices

MICA. Aislante

OCRES. Pigmentos

SAL (NaCl) Salmueras para conservas

TALCO (Mg3Si4O10(OH)2). Fundente, cerámica, cargas, etc.

TURBA. Corrector agrícola, jardinería

* Attapulgita, sepiolita, Bentonita

ALUNITA (KAl3(OH)6SO4)2). Alúmina, aluminio

BAUXITA. Alúmina, aluminio

CUARZO (grava, filón). Silicio metal, ferroaleaciones

FLUORITA (CaF2). Ácido fluorhídrico, flúor

GLAUBERITA (Na2Ca(SO)2. Sulfato Na, detergentes

MAGNESITA (MgCO3). Magnesita para abonos

MINERALES LI (Ambligonita). Industria química

ARCILLA, MARGA. Cemento

CALIZA. Cal

CALIZA. Cemento

YESO (CaSO4). Escayola, cemento

AGLOMERANTES

CONCESIONES DE EXPLOTACIONES VIGENTES EN 2014
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7,5 0 7,5 15 22,5 303,75
Kilómetros

ETRS 1989. Huso 30
Proyección y cuadrícula UTM.

Escala 1:400.000

ESQUEMA DE ÁREAS DE INTERÉS O ACTIVIDAD MINERA

Cuenca del Duero-Almazán

Cuenca del Tajo-Mancha

Cuenca del Ebro

Zona Ibérica

Zona Centroibérica, dom. del Ollo de Sapo

Zona de Galicia Tras-os-Montes

Zona Asturoccidental-Leonesa

Zona Cantábrica A. Unidad de Somiedo
B. Unidad de Bodón-Ponga
C. Unidad del Esla
D. Unidad del Pisuerga-Carrión
E. Unidad de Valsurvio

Zona Centroibérica, dom. Esquisto- Grauváquico

ZONAS GEODE

Zona Vascocantábrica
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YACIMIENTOS DE MATERIAS PRIMAS CRÍTICAS
Y ESTRATÉGICAS DE EXTREMADURA

23 de Septiembre de 2024
http://sigeo.juntaex.es/

Leyenda
!5 Antimonio
$1 Barita
"6 Bismuto
XY Cobalto
GF Cobre
%9 Feldespato
# Hafnio

_̂ Litio
#* Grafito Natural
$+ Fosforita
XW Niquel
kj Niobio-Tántalo
_̂ Silicio

!( Titanio
") Wolframio
"/ Vanadio
" Grupo del Platino
GF Tierras Raras
kj Magnesita

10 0 10 20 30 405
Kilómetros
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590 clz

596 clz
608 grv

619 dol
667 clz

664 dol

589 clz

566 arc

546 yes

560 clz

530 arn

490 grv

505 yes
512 yes

513 clz

507 clz

556 clz
426 dia 443 dol 459 yes

446 dol

437 yes

434 yes
458 clz

471 clz
476 clz

429 dol
391 arc

355 dia

370 clz

360 yes358 yes

364 clz

333 arn

1173 ar

1120 Na

1268 Na

1121 ar

1097 ar

1084 ar1029 ar

1001 ar

1008 ar 1017 ar

1030 ar

974 grv

979 arc

976 grv

453 clz

450 clz

395 clz

908 clz

909 dol

915 arc904 clz

916 clz

839 arc

837 trv

830 clz

286 arc

259 arc 266 arc

263 clz

262 clz

260 clz

274 arc

211 arc

215 piz

232 clz

217 arc

208 arc

192 arc

207 arn

187 arn
200 arn

928 clz

934 clz

939 clz

929 dol922 clz

924 arc

885 clz

896 yes

892 clz

882 dol

881 clz

875 grv

872 clz851 grv

854 grv

772 arc

827 arc
773 arc

820 arc

777 grv

763 clz747 clz
810 grv

757 clz
754 clz

725 clz

695 yes

702 dol

677 trv
724 clz

701 yes

684 clz

597 dol

672 yes
634 arn579 dol

639 clz

588 clz545 yes

497 dol

491 ocr

516 dol

509 yes

495 clz

492 yes

503 yes

529 yes

487 yes

482 clz

519 clz

455 dia

477 dol

463 yes

462 clz

468 clz

465 clz

420 yes

414 clz368 clz

218 bas

224 por
235 ocr

182 arn

932 clz

930 clz

925 dol
921 clz

879 clz

889 dol

887 clz

849 clz

877 dol

847 clz

846 dol

855 grv
856 clz

866 yes

778 clz
788 clz

797 mar
803 arc

783 yes

726 yes689 clz 711 clz

721 dol

709 yes

707 clz
723 arc

678 clz

594 mar
618 clz

626 clz 644 arn 665 arc

633 clz

613 yes

620 clz

661 arc

630 yes
582 clz

576 clz

568 yes

526 ocr

485 dia

489 dia

488 dia

511 dia

496 dia

524 dia

483 clz

554 dol

528 yes

536 clz

523 yes
502 yes

517 yes

467 dia

359 clz

351 clz

348 clz314 clz257 por

239 bas

230 ocr

220 ocr

240 rio 254 rio

256 grv

191 por

880 mar

890 clz

898 clz

884 grv

848 clz

902 clz

912 clz
895 grv

876 dol

859 mar
871 mar

864 clz

878 clz

850 clz

865 grv
863 yes857 clz

798 dol

750 clz 786 clz
800 dol

752 grv

809 dol

770 yes

821 grv

706 grv

686 clz
680 arn

745 grv693 dol

739 arn692 dol 714 grv

712 clz

736 clz

623 grv
621 dol

629 yes611 ocr

649 dia

593 dia

572 dia

625 yes

674 grv

612 dol

651 dol

658 dol

676 grv

637 yes

540 ocr
567 ocr

498 dia

527 clz
500 clz

565 mar
520 yes

484 arn
561 clz

461 dia

408 tra400 por

381 arn

421 clz

356 piz

354 clz

336 clz

325 clz

334 clz

293 clz287 clz

268 grv

261 clz

237 piz

219 piz

177 clz

138 arc
135 clz

147 clz

125 dol

126 grv

124 dol

130 arn

129 arc
107 grv

101 mar

174 grv

162 dol

160 dol

170 grv

141 grv

154 grv

150 grv134 yes

128 arc

131 arc

122 arn

117 arc

104 arc

103 arc

173 dol

169 dol

157 grv

172 clz

168 dol

159 qzt 164 grv

151 qzt

123 qzt

1953 arn

1957 clz
1955 clz

1958 arn

1949 clz
1950 clz

1990 clz

1965 arn

1954 clz

1985 arn
1968 arn

1973 arn
1970 arn

1902 arc 1911 dol

1921 arn

1912 arn

1999 grv

2007 grv
2013 grv

1992 clz

1975 cgl
1979 grv

1980 grv
1974 arn

1977 grv

1996 arn

1989 clz 1997 clz

1991 clz

1944 clz
1940 clz

1937 arn

1919 clz
1901 arc 1933 clz

1907 arn

1904 arn

1910 dol

1908 dol

2029 tlc
2025 dol 2041 dol 2049 clz

2044 clz

2039 clz2035 per

2024 grv2011 tlc

2009 tlc

2000 dol

2021 dol
2022 dol

2010 dol

2018 clz

1972 clz

1983 dol

1976 arc

1966 clz

1938 ars

1939 clz

1899 arc

1905 mar
1891 clz

1826 ben

1815 ben
1837 ben1816 ben

1814 bas

1718 grv 1727 grv

1697 clz

1740 clz
1732 clz

1714 grv1638 piz

1694 mar

1663 clz
1659 clz

1693 clz
1621 arc

1625 clz

1624 esq

1628 clz

1587 grv

1251 piz

1217 piz

1214 cgl 1246 clz

1215 grv

1242 cgl

1189 clz
1134 arn

1144 clz

1158 dol

1135 arn

1161 dol

1130 clz

1107 mar

1077 clz

1111 clz

1062 ars

1033 arc
1057 dol

1052 clz

1034 arc

1050 clz1036 dol

1055 arn

1046 ars

1028 arn

1025 dol
1005 clz

1011 clz 1021 clz

1027 clz

1012 clz

1854 ben

1856 dia

1864 ben

1851 ben

1850 ben1819 ben

1817 ben

1808 ben

1825 yes

1868 clz

1842 ben

1860 ben

1805 arn

1849 clz

1845 clz

1761 grv

1787 dia

1770 grv

1758 grv

1759 dol

1803 grv

1798 clz

1756 clz

1793 clz

1752 trv1696 clz

1736 clz

1733 piz

1750 clz

1729 clz 1738 clz

1753 clz

1650 dol

1641 clz

1665 dol 1687 clz

1671 clz

1691 clz

1603 yes

1629 clz
1622 dol

1464 dol

1463 dol

1545 grv

1547 dol

1540 dol1445 dol

1447 dol

1527 arc

1524 clz

1501 dol

1513 dol

1465 dol

1466 dol

1478 dol

1461 dol

1420 dol

1394 dol

1419 dol

1417 cgl
1390 dol

1398 clz1364 mar

1296 clz 1334 clz

1330 arn

1319 clz

1232 dol

1208 per

1205 clz
1213 clz

1255 arn

1266 clz

1195 dol
1203 dol

1198 clz

1185 clz

1141 clz

1142 cgl
1160 clz

1165 cgl

1151 clz

1075 yes

1096 yes 1117 dol

1076 clz

1069 clz1037 clz

1042 clz

1049 clz

1002 dia

1000 arc

1015 clz

1016 clz
1020 clz

1014 mar

1022 clz

1019 clz

1875 clz

1877 clz

1852 yes

1821 yes
1811 arc

1846 qzt

1839 yes

1818 arc

1807 clz

1764 grv
1775 yes

1763 clz
1778 clz

1779 clz

1800 clz

1757 clz

1739 dol

1711 piz

1706 clz

1677 ocr

1653 piz

1640 piz

1676 clz1667 clz

1649 piz

1598 clz
1591 clz

1508 tur

1431 arc

1499 arn

1503 dol

1451 arn

1497 arc

1468 grv
1457 cgl

1449 dol

1484 yes

1429 dol

1456 arn
1487 dol

1506 grv

1544 dol

1525 grv

1400 grv 1404 cgl

1371 clz

1366 clz

1370 clz

1352 clz

1335 grv
1347 clz

1297 mar

1342 dol
1348 dol

1357 clz

1312 clz

1218 yes

1222 clz

1237 yes1219 grv

1264 dol1209 clz
1183 yes

1172 clz

1123 clz

1101 arc

1100 clz

1070 clz

1082 clz

1174 clz

1139 clz

1155 ars

1369 clz1314 dol

1863 clz
1755 clz

1747 clz

1724 piz
1700 clz

1678 tlc

1679 ocr

1636 arc

1644 clz

1615 clz

1564 arc

1580 clz
1616 clz

1623 arc

1618 arc

1613 dol

1631 anf

1586 fag

1633 mar
1498 tur

1531 trv

1475 dol

1520 arc1481 cgl

1438 grv

1495 clz

1087 yes

1080 mar

1072 clz

1068 clz

1881 ben

1879 grv

1884 clz

1880 clz
1883 clz

1820 piz

1433 clz

1533 dol

1548 clz1539 grv
1511 arc

1444 grv

1363 arc

1415 fag

1309 fag
1316 arn

1221 arc
1247 ars

1197 clz

1200 clz 1234 dol

1257 clz

1202 clz 1253 clz

1191 dol

1156 clz1143 clz

1131 dol

1806 clz

1179 clz

1133 dol

1157 yes

1109 mar

1105 clz

1103 arn

1013 grv

8 an, di

64 grv, ar 84 grv, ar

79 grv, ar

77 grv, ar 78 grv, ar

69 grv, ar

94 qzt, gr

933 grv, ar
860 grv, ar

824 grv, ar

139 grv, ar
137 grv, ar

132 grv, ar

109 grv, ar

1683 grv, ar
1660 grv, ar

1866 ar, clz

1256 clz, ar

1244 arn, of

1670 qzt, ar

1643 grv, ar

728 clz, mar

841 clz, arc
852 yes, arc

320 bas, clz

819 clz, arn
390 ars, grv

384 piz, rio

377 piz, rio

251 clz, dol

119 dol, grv

1941 clz, dol

1832 ben, zeo1675 dol, grv
1258 piz, arn

1748 arc, grv

1387 clz, kao

1830 an, (ben)

113 gr, piz, qzt

56 F

20 F

16 F

938 F

57 gr

380 F

81 gr 95 gr

6 clz

3 piz 38 ar

1583 F1560 F

992 Na

990 ar

1725 F

1708 F

1702 F

1673 F

1685 F

1572 F
1596 F

1477 F

1512 F

1500 F1458 F

994 Na

1425 F

1427 F
1459 F

1594 F

972 ar

961 ar

943 Sr

941 of

844 ma

580 of480 Na

474 Na
435 ar

466 of454 of

371 ar

341 ar

307 ar
312 ar

999 ar

442 of

413 Na

792 Na

449 ar

404 ar

393 Na

416 ar

405 ar
361 ar

362 ar285 gr

304 ar

282 gr

756 Na

794 Na

779 of
780 of

615 of

447 Na423 Na

460 Na

431 ar

419 ar

250 an

61 clz

12 peg
17 peg

782 ar

713 Na

399 ar

375 ar

317 fd

292 gr

242 ma
243 ma

198 gr

80 grv

82 grv

100 gr

72 dia

70 grv

85 piz

34 arc

43 clz
39 clz

21 clz

115 gr

33 arc

54 clz

1923 ar

1895 Na
1896 Na

1898 Na

1269 ma

2032 se

2037 ma
2033 se

1894 Na

1915 ar

1890 Na

1885 ar

1236 ma

1065 Na

1032 ar

1009 ar

1549 se

1514 ar
1479 ma

1392 ma

1290 of

1081 ar1085 of1059 ar

1043 of

1566 se

1576 ar
1462 Sr

1488 Sr

1124 ar

1090 Na

1299 di

1304 di

1361 ar

1300 of

1317 ar
1318 ar1294 ar

1833 ma

1672 ma

1581 ar

1443 ar

1047 ar

1844 se

1401 of
1393 ar

1293 ar
1329 ar

1766 ma

1790 ma

1788 ma
1773 ma

1767 ma

1795 ma
1797 ma

967 mar966 arc

971 grv

956 arn

953 grv 954 clz

949 clz942 yes

940 clz

935 yes

923 cgl

936 clz

899 tlc
900 clz

894 clz

910 dol

888 mar

834 dol

867 clz

796 dol

729 clz

731 clz

730 dol

716 dol

699 clz

720 arn574 dol
610 dol

602 dol586 dol
614 dol

605 grv
607 clz

585 arc

659 clz
636 clz

645 dol
655 dol

662 dol

544 clz

538 arc
552 arn

553 arn
559 arn

532 arn

499 dol

425 clz

439 clz

452 clz
445 clz

469 yes

479 yes

427 mar
433 clz

432 clz

388 clz

379 mar342 dia
1094 Na

1267 Na

1095 ar

1045 ar
1044 ar

1024 ar

975 grv

441 clz

448 clz

457 clz

401 dia
417 clz

840 arc

833 arc

832 grv

255 arc227 clz
241 grv

225 grv

226 arn

238 arc

233 clz

186 arn

202 arc

927 clz

931 clz

918 clz

897 clz835 dol
836 dol

842 grv

838 mar
823 clz

822 dol

703 clz

690 arc

732 grv666 clz

650 cgl600 dol

570 dol

627 dol

584 dol

646 yes 670 yes

640 clz

549 mar

557 clz

543 clz

494 yes

563 clz

541 clz

504 clz

542 clz

508 yes

493 yes

486 dol

555 clz440 clz

451 clz

464 yes

475 clz
397 yes

332 clz

315 arc297 gab

300 arc273 rio270 rio

212 piz
213 piz

180 gab178 por

179 por

183 arc
917 dol

831 clz
868 clz845 grv805 arn

807 arn

814 clz801 clz
759 arc

768 mar 774 arn
818 clz

775 grv
784 grv

799 yes

767 yes

776 yes

790 clz

748 clz

802 clz

682 clz

741 yes

715 clz
632 clz

671 yes
663 trv

592 grv

643 grv

598 clz

654 arn

679 dol

603 yes

578 dol

648 arn

647 arn

573 clz

564 dol
562 clz

514 clz

537 arc

535 mar

436 dol

415 yes
350 grv

338 clz

283 grv
271 rio

246 rio

903 clz

883 mar

906 yes

893 clz

858 mar

870 clz

862 clz
861 mar

815 dol
804 clz

808 dol

746 mar

785 mar

791 mar

811 mar

769 clz

762 clz

813 dol

753 yes760 clz

696 grv
705 clz

718 grv

744 arn

697 yes

622 ocr

595 dia
587 grv

606 clz

571 arc

628 clz
604 clz

675 clz

660 yes

668 grv

539 clz

558 dol

501 arc

481 arn473 dia

403 clz
392 clz

385 qzt

352 clz
322 clz

316 clz

290 clz

289 clz288 clz
294 clz

247 clz

196 clz

204 piz185 clz

176 arn

143 mar
133 yes

142 clz

156 grv

111 arc

158 clz

171 clz

163 clz

175 dol
167 grv

140 yes

155 grv

136 clz

145 tlc

152 clz

149 arc

121 clz

127 yes
110 piz

161 arc

1952 grv
1956 clz

1932 arn

1951 clz
1967 arn

1969 arc

1971 clz

1960 arn

1929 arn

1927 arn

1922 arn

1914 arn

1917 arn

1925 arn

2008 tlc

2012 per1981 clz

1982 clz 1984 arn

1986 clz

1988 mar

1987 clz

1978 grv

1994 clz

1995 arn 1998 clz1993 clz

1942 clz

1936 arn

1909 arn

1913 clz

1888 clz

1273 grv1271 dol
1279 mar

2036 dol

2027 tlc

2040 dol2038 dol
2043 dol

2047 dol

2046 clz
2030 dol

2028 dol

2023 dol

2050 clz

2026 dol

2045 dol

2048 dol
2042 dol

2034 tlc

2020 clz
2016 tlc

2006 dol

2002 dol

2003 grv

2004 clz

2019 per
2017 clz2014 dol

2015 dol

2001 clz

1948 dol

1947 clz

1920 yes

1903 arn

1828 bas

1799 grv

1742 tur

1734 arn

1726 grv

1701 dol
1698 clz

1637 clz

1661 qzt

1657 cgl

1668 clz
1604 dol

1612 clz

1634 clz

1620 clz
1626 clz

1630 yes

1609 clz

1276 mar

1241 grv

1263 arc

1199 clz

1137 clz

1132 arn

1180 clz

1099 yes

1089 clz

1088 clz

1073 clz1066 arn

1060 clz

1054 arn

1051 ars

1048 arn

1026 clz

1865 ben

1858 ben

1840 ben

1867 bas

1855 bas

1861 clz
1762 clz1751 trv

1743 clz

1744 trv

1719 grv1703 clz
1716 cgl

1648 grv

1651 clz

1684 clz

1571 clz

1550 cgl

1617 yes

1577 yes

1610 clz
1605 clz

1558 clz

1611 dol1606 grv

1632 dol

1578 yes

1574 clz

1553 clz1552 arc

1510 dol
1515 arc

1541 arc

1485 dol

1474 dol

1469 dol

1532 grv

1421 grv

1412 dol1408 dol

1382 clz

1378 dol

1385 dol

1358 clz
1377 clz

1359 grv

1422 grv1305 dol

1336 zeo

1308 grv

1349 clz
1356 clz

1298 clz

1340 clz

1206 per

1212 clz

1262 clz1260 clz1229 clz

1146 cgl

1150 clz

1148 clz

1127 dol
1128 dol

1171 arn

1114 arc
1113 arc

1079 yes

1098 yes 1116 dol

1115 yes
1119 mar

1064 clz

1067 clz

1031 clz

1040 arn

1007 sep

1003 clz

1824 yes1823 yes
1809 arc

1857 clz

1780 clz

1713 piz

1710 cgl

1709 mar

1712 piz

1741 clz

1662 clz1652 piz

1573 dol

1601 qzt

1592 cgl1585 dol

1562 dol
1584 arc

1472 cgl
1482 yes

1523 grv1507 grv
1509 dol

1446 yes

1435 clz

1430 yes

1452 yes

1467 dol

1486 dol

1455 yes1448 yes

1388 clz

1379 clz
1277 arn 1282 clz

1332 yes 1360 yes

1326 dol

1346 clz

1344 clz

1331 dol

1310 dol

1283 yes
1284 clz

1311 clz 1315 yes

1281 dol
1280 clz

1307 clz

1324 clz

1289 clz

1338 yes
1327 arn

1328 clz

1559 dol

1522 dol 1546 clz

1526 clz

1496 dol

1440 clz
1428 clz

1367 grv
1368 clz

1384 arc
1386 mar

1375 clz
1323 clz

1322 clz1278 arc
1287 mar

1303 mar

1270 mar

1181 grv

1190 grv

1154 grv

1582 arn

1614 clz

1619 dol
1599 dol

1563 dol
1570 dol

1561 cgl 1593 dol1434 tur

1426 clz

1519 arc

1460 grv

1454 dol
1436 grv

1476 clz
1493 clz

1490 clz
1473 clz

1489 clz

1517 grv

1093 yes

1091 clz

1118 dol

1810 tlc

1874 grv

1871 grv
1530 yes

1538 clz
1537 dol

1543 dol

1483 mar
1405 clz

1395 grv

1380 clz
1362 mar

1365 clz

1418 clz

1374 dol

1411 cgl

1403 grv
1376 cgl1372 clz

1416 clz

1402 grv

1350 yes

1288 grv

1354 yes
1355 yes1223 dol

1224 clz

1231 clz

1259 dol

1201 clz

1225 clz

1243 yes

1149 dol1140 dol

1136 clz

1164 clz

1822 clz

1873 mar

1794 clz

1781 clz
1789 qzt

1776 clz

1178 clz

1162 clz
1193 clz1168 clz

1176 clz

1184 grv

1169 grv

1110 arc
1112 clz

1106 arc

296 gr, di

303 gr, di

68 grv, ar

1597 F, dol

1769 ma, se

874 grv, ar

569 yes, of

548 ar, yes547 arc, of

228 ar, grv

223 grv, ar

229 of, clz

236 ar, grv

189 ar, grv

195 grv, ar

308 grv, ar

771 ar, grv

766 of, yes

353 ar, grv

742 grv, ar

698 grv, ar

688 grv, ar

734 grv, ar

166 grv, ar
153 grv, ar

146 grv, ar

116 gr, piz

1943 clz, of

2031 tlc, mi

1935 ars, ar

1720 grv, ar

1722 ar, grv
1804 grv, ar

1862 ar, grv

1768 grv, ar

1802 ar, grv

1061 ar, yes

1765 ar, grv

1210 of, clz

1848 ma, clz
1870 ar, grv

1647 clz, ma

1642 arc, ar

1645 ar, grv
1494 dol, ar 1882 Ba, ben

1876 ar, grv

1878 ar, grv
1291 grv, ar

1772 ma, dol

652 dol, clz

1170 arc, ar

234 arc, mar

919 clz, fag

510 yes, clz

781 yes, mar

765 arn, clz

749 clz, yes

717 dol, clz

642 cgl, clz

631 arn, clz624 dol, clz
551 clz, mar

345 clz, dol

265 clz, dol 267 dol, clz

144 clz, mar

106 piz, qzt

1964 arc, grv

1834 ben, zeo

1831 ben, zeo
1835 ben, grv

1627 mar, clz

1853 ben, zeo

1607 dol, esq

1504 dol, grv

1516 dol, grv
1535 dol, grv

1272 dol, yes

1333 clz, grv

1480 yes, arc

1409 fag, dol

1602 clz, (esq)

1529 dol, (fag)

1534 fag, (clz)

148 grv, arn, clz

1721 ar, grv, (clz)

1754 clz, mar, (ar)
1557 clz, cgl, (ma)

525 clz

1188 clz

150000

150000

200000

200000

250000

250000

300000

300000

350000

350000

400000

400000

450000

450000

500000

500000

550000

550000

600000

600000

3950000 3950000

4000000 4000000

4050000 4050000

4100000 4100000

4150000 4150000

4200000 4200000

4250000 4250000
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166 Aluviales y coluviales                                                                  
165 Conglomerados, arenas y limos (coluviales)                                 
164 Margas azules y grises. Calcarenitas y limos amarillos                 
163 Conglomerados, arenas, limos rojizos y margas. Conglomerados y areniscas 
      calcáreas con ostreidos 
162 Alternancia de arcillas, limos y conglomerados                            
161 Conglomerados, arenas y limos de color rojizo                             
160 Margas gris azuladas y areniscas 
159 Conglomerados, arenas y limos rojizos y margas
158 Calcarenitas y limos amarillos                                                       
157 Calizas lacustres (páramos)
156 Yesos y margas                                                                           
155 Alternancia de areniscas y margas                                              
154 Margas gris azuladas. Localmente conglomerados                     
153 Calcarenitas y conglomerados. Localmente arrecifes                  
152 Calcarenitas y conglomerados, areniscas, arenas y limos amarillos. 
      Calizas de algas    
151 Conglomerados, arenas y limos rojos y margas                            
150 Margocalizas con lignito                                                              
149 Margas con yesos                                                                       
148 Conglomerados, limos y arcillas                                                   
147 Alternancia de areniscas y margas. Localmente conglomerados 
146 Margas gris azuladas y blancas con intercalaciones de areniscas                                                                                        
145 Calizas de algas, calcarenitas, conglomerados calcareníticos.                                                               
144 Rocas volcánicas                                                                       
143 Areniscas, margas y yesos                                                          
142 Conglomerados                                                                           
141 Margas blancas, areniscas y calizas                                           
140 Margas, areniscas, yesos y calizas                                              
139 Conglomerados rojos                                                                   
138 Brechas y arcillas con olistolitos (Unidad Olistostrómica)             
137 Arcillas con bloques. Uds. del Campo de Gibraltar                      
136 Areniscas cuarzosas (Aljibe). Uds. del Campo de Gibraltar          
135 Margas y areniscas micáceas. Uds. del Campo de Gibraltar       
134 Margas, margocalizas y calcarenitas. Subbético                         
133 Calizas bioclásticas y margas. Prebético                                     
132 Calizas, calcarenitas, areniscas y conglomerados. Maláguide     
131 Arcillas y margas versicolores. Uds. del Campo de Gibraltar        
130 Margas, margocalizas y calizas con sílex. Margocalizas rosadas. Subbético   
129 Calizas, margocalizas y areniscas. Prebético                               
128 Arcillas y margas grises y verdosas con calcarenitas. Uds. Campo de Gibraltar
127 Calizas margosas rosadas, verdes y blancas. Subbético             
126 Dolomías, calizas y margas: Prebético                                        
125 Calizas, margas y arenas. Prebético                                            
124 Calizas, margocalizas y margas. Maláguide                                 
123 Calizas, margocalizas, margas, areniscas y conglomerados. 
      Complejo Frontal de las Zonas Internas                    
122 Margas y arcillas verdes y rojas con areniscas. Uds del Campo de Gibraltar
121 Ritmitas margosas y calizas pelágicas. Subbético                       
120 Calizas, margocalizas y margas. Prebético                                  
119 Calizas y dolomías: Maláguide                                                    
118 Calizas, margas y radiolaritas. Calizas rojas (ammonítico rosso). Subbético
117 Rocas volcánicas, margocalizas y calizas. Subbético                 
116 Calizas y margas grises. Subbético                                              
115 Calizas blancas y dolomías. Subbético                                       
114 Dolomías y calizas. Prebético                                                     
113 Rocas básicas. Ofitas. Subbético                                               
112 Calizas negras. Subbético                                                           
111 Yesos. Subbético                                                                        
110 Areniscas y arcillas rojas con yesos. Subbético                           
109 Arcillas y yesos. Localmente areniscas: Prebético                       
108 Conglomerados, areniscas y arcillas: Prebético                           
107 Conglomerados, arcillas, dolomías y yesos. Maláguide               
106 Calizas, dolomías y margocalizas. Mármoles. Alpujárride             
105 Filitas y esquistos claros con cuarcitas. Alpujárride                      
104 Pizarras, grauvacas, conglomerados y calizas. Maláguide          
103 Peridotitas. Alpujárride                                                                 
102 Esquistos grafitosos. Alpujárride                                                  
101 Gneises. Alpujárride                                                                     
100 Gneises. Nevado-Filábride                                                          
 99 Mármoles con esquistos y yesos. Nevado-Filábride                      
 98 Micasquistos y cuarzoesquistos. Nevado-Filábride                       
 97 Micasquistos grafitosos. Nevado-Filábride                                    
 96 Conglomerados, areniscas, lutitas calizas y coladas de basaltos. 
      Carbonífero-Pérmico de San Nicolás
 95 Conglomerados, lutitas, areniscas rojas y coladas basálticas. Pérmico del Viar
 94 Brechas y/o fanglomerados fluviales poligénicos con capas de carbón. 
      Cuenca de Peñarroya 
 93 Pizarras, grauvacas, conglomerados con cantos y olistolitos poligénicos. 
      Carbonífero del Kilva                                   
 92 Grauvacas, pizarras y gravas. Culm de la FPI                              
 91 Pizarras, grauvacas, areniscas y conglomerados. Culm de Los Pedroches
 90 Pizarras, lutitas y grauvacas con predominio de basaltos y rocas básicas. 
      Carbonífero de Guadalbarbo
 89 Pórfidos cuarzomonzodioríticos de Navaserrano, andesitas,traquiandesitas, 
      tobas híbridas y ácidas, aglomerados volcánicos, epiclastitas. 
      Complejo La Campana. Riolitas y tobas riolíticas. Complejo Erillas-Paredón.
      Coladas de pórfidos dacíticos y riolíticos. Dacitas de Ceperuela. Epiclastitas de 
      El Orejón. Espilitas del Complejo Erillas-Paredón. 
      Complejo Vulcanosedimentario de VCLC
 88 Brechas, fanglomerados, lutitas, grauvacas, y capas de carbón. 
      Cuenca de Valdeinfierno 
 87 Pizarras, areniscas, grauvacas, conglomerados y capas de carbón. 
      Cuenca del Guadiato y otros                                             
 86 Pizarras, grauvacas y conglomerados. Terena superior               
 85 Vulcanitas ácidas, básicas e intermedias con epiclastitas, cineritas y equivalentes 
      subvolcánicos. Masas de sulfuros. Complejo Vulcanosedimentario de la FPI
 84 Cuarcitas ferruginosas, pizarras, areniscas. Devónico superior    
 83 Cuarcitas con niveles pizarrosos y litarenitas. Devónico Sup DOV
 82 Gravas, litarenitas y pizarras grises. Fms. Santa Iría, Gafo y Horta da Torre
 81 Alternancia de pizarras, limolitas, areniscas y cuarcitas. Grupo PQ
 80 Pizarras y grauvacas. Fms. Ribeira de Limas y Atalaia
 79 Pizarras, areniscas, cuarcitas ferruginosas y vulcanitas. Devónico inferior
 78 Cuarcitas, areniscas ferruginosas, pizarras y niveles de calizas. 
      Silúrico-Dev. inferior. U. Alóctonas del DOV
 77 Pizarras, grauvacas, conglomerados e intercalaciones de calizas biodetríticas. 
      U. Terena inferior
 76 Pizarras negras con alguna intercalación cuarcítica                    
 75 Esquistos y micasquistos grafitosos con cuarzos acintados, cuarcitas y budines 
      de granitoides. U. Pulo do Lobo        
 74 Anfibolitas de grano fino y grueso, rocas básicas, ortoanfibolitas toleíticas 
      y esquistos verdes. Los Ciries                   
 73 Esquistos y areniscas con metavulcanitas y anfibolitas. Sucesión de El Cubito
 72 Gneises, anfibolitas, retroeclogitas, micasquistos, cuarcitas negras. 
      Unidad Elvas-Argallón
 71 Pizarras grafitosas, cuarcitas, areniscas ferruginosas, pizarras y niveles 
      de calizas. Silúrico-Dev. inferior. Uds. Parautóctonas del DOV
 70 Ampelitas, liditas y pizarras grafitosas. Silúrico                              
 69 Cuarcitas, pizarras y calizas. Ordovícico superior DCEG              
 68 Pizarras grises. Ordovícico medio DCEG                                     
 67 Cuarcitas, pizarras y ortocuarcitas. Ordovícico inferior DCEG      
 66 Cuarcitas, cuarzoareniscas y filitas, intensamente deformadas por cizalla. 
      Ordovícico U. Alóctonas del DOV
 65 Pizarras, areniscas, cuarcitas feldespáticas. Ordovícico de las 
      Unidades  Parautóctonas del DOV
 64 Pizarras verdes y grises con nódulos, limolitas y areniscas que intercalan 
      barras de areniscas cuarcíticas blanco amarillentas o rojizas (oolíticas) y niveles 
      de calizas. Ordovícico del Sinclinal del Valle
 63 Pizarras gris verdosas y moradas con vulcanitas ácidas y básicas. Fm Barrancos                                                                   
 62 Mármoles grises, blancos y rocas de silicatos cálcicos                 
 61 Filitas, areniscas, cuarcitas feldespáticas, pizarras laminadas, y vulcanitas. 
      Fm. Azuaga
 60 Pizarras, areniscas y cuarcitas. Cámbrico medio Detrítico (Fatuquedo, Albuera, 
      Capas del Playón)                              
 59 Basaltos y vulcanitas básicas. Basaltos del Playón                      
 58 Micasquistos y cuarzoesquistos+estaurolita+moscovita+andalucita+granate, 
      cuarcitas y ortogneises. Micaesquistos Albariza -Bembezar. Sierra Albarrana
 57 Pizarras, grauvacas.Tramo detrítico superior del Cámbrico inferior.
 56 Grauvacas y pizarras versicolores con rocas con niveles vulcanoderivados. 
      Esquistos de Jerez                                   
 55 Sericitas, areniscas, metavulcanitas ácidas y básicas, anfibolitas, carbonatos 
      y rocas de silicatos cálcicos. Complejo Vulcanosedimentario de Aracena           
 54 Arcosas, pizarras sericíticas, areniscas y cuarcitas feldespáticas. 
      Sucesión cambro-ordovícica                       
 53 Filitas, areniscas, cineritas cuarcitas feldespáticas y vulcanitas ácidas y básicas. 
      Tramo del Encinarejo
 52 Cuarcitas feldespáticas, metarcosas y esquistos sillimaníticos. 
      Cuarcitas de Sierra Albarrana
 51 Calizas, dolomias, pizarras y mármoles con arqueociatos. 
      Miembro Carbonatado del Cámbrico inferior                 
 50 Arcosas, pizarras, conglomerados, areniscas cuarzofeldespáticas y calizas a techo. 
      Fm. Torreárboles ZCI
 49 Arcosas, pizarras, conglomerados y areniscas cuarzofeldespáticas. 
      Fm. Torreárboles
 48 Tobas, metavulcanitas ácidas, aglomerados volcanoclásticos y calizas. 
      Porfiroides de Bodonal.
 47 Dolomias y mármoles dolomíticos de Aracena                              
 46 Gneises migmatíticos, cuarcitas y anfibolitas. Peña Grajera, Sierra Albarrana
 45 Vulcanitas ácidas porfídicas, con fenocristales de plagioclasa, y a veces cuarzo, 
      en una matriz de cuarzo, feldespato y productos sericíticos. Grupo Malcocinado  
 44 Metacineritas, metatobas, metavulcanitas andesíticas, calizas y aglomerados 
      volcánicos. Grupo Malcocinado                 
 43 Gneises con intercalaciones de metavulcanitas. Gneises de José Torán
 42 Pizarras, grauvacas y metabasitas. Complejo Esquisto-Grauváquico 
 41 Esquistos, cuarzoesquistos, gneises, gneises alcalinos, grauvacas, anfibolitas 
      y metabasitas.
 40 Esquistos grafitosos, biotíticos y anfibolitas. U. de Retamar         
 39 Gneises miloníticos, micasquistos, cuarzoesquistos, cuarcitas negras milonitizados. 
      Serie Negra. Tramo gnéisico
 38 Cuarzoesquistos miloníticos, gneises miloníticos, pizarras, grauvacas y 
      cuarcitas negras. Serie Negra milonitizada
 37 Pizarras sericíticas, filitas grises y mármoles. Sucesión de Loma del Aire
 36 Migmatitas, gneises y esquistos biotíticos. Domo de Lora del Río
 35 Pizarras, grauvacas, cuarcitas negras, mármoles, anfibolitas y migmatitas. 
      Serie Negra, Sucesión Tentudía
 34 Esquistos, cuarcitas negras, gneises y migmatitas. Sucesión Montemolín, 
      Serie Negra
 33 Gneises migmatítico-grafitosos con cuarcitas negras. Pasan gradualmente 
      a los gneises cuarzofeldespáticos con biotita de Aracena. Gneises Fuente del Oro
 32 Esquistos grafitosos, cuarcitas y cuarcitas negras. Fm La Umbría

Rocas filonianas 
 31 Diques de cuarzo                                                                         
 30 Diques de pórfidos graníticos y riolíticos. Diques granodioríticos, 
      microdioríticos y diabasas
Rocas ígneas y variscas
 
 29 Granitos y monzogranitos biotíticos con cordierita,
      microgranitos y leucogranitos. U. Granítica Los Pedroches
 28b Microgranodioritas a leucogranitos. 
       U. Granodiorítica Los Pedroches
 28a Granodioritas y monzogranitos biotíticos con anfíbol.
      En algún sector, microgranodioritas y leucogranitos. 
      U. Granodiorítica Los Pedroches
 27 Granodiorita  de Santa Elena                                                       
 26 Granitos biotíticos a granodioritas y leucogranitos cordieríticos.
      El Pedroso
 25 Granitos biotíticos de grano medio grueso±cordierita±granate.
      El Berrocal y El Crispinejo
 24 Dioritas y monzodioritas del Rosal                                                
 23 Granito de Los Arenales                                                               
 22 Granitos y leucogranitos de La Cardenchosa                               
 21 Granodiorita y granito de Aroche                                                  
 20 Cuarzodioritas a dioritas de Aroche                                              
 19 Gabros y dioritas                                                                           
 18 Tonalitas y granodioritas de Santa Olalla y Teuler
 17 Granito de Peñas Pardas (AMVC).                                               
 16 Granodioritas de la Buenagua y otras. (AMVC)                             
 15 Microgabros y diabasas del Alcornocal (AMVC)                           
 14 Gabros de la Alineación  Magmática Villaviciosa-La Coronada 
      (AMVC)
 13 Granodiorita, monzogranitos y pórfidos graníticos de Gil Márquez
 12 Granitoides trondhjemíticos del BSN                                            
 11 Rocas básicas del BSN                                                               
 10 Ortoanfibolitas de Beja-Acebuches
Granitoides cambro-ordovícicos
  9 Ortogneises de Arroyo Tejera y La Minilla                                      
  8 Granitos de El Garrotal                                                                  
  7 Granitoides de El Álamo y Las Cabras. Rocas ígneas cadomienses                                                           
  6 Granodioritas de anatexia, leucogranitos y granitos albíticos 
     cataclásticos 
  5 Granitoides de El Escribano, La Bomba y Las Cabrillas
Rocas ígneas y cadomienses
  4 Serpentinitas, rocas ultrabásicas                                                   
  3 Metabasitas y/o anfibolitas (Serie Negra de Lora)                         
  2 Granodioritas gneisificadas y leucogranitos cordieríticos               
  1 Granitos y dioritas de Valsequillo
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of   Ofita

ar   Arena

mi   Micas
yes   Yeso

ocr   Ocres

tur   Turba

tlc   Talco

mar   Marga

ma   Mármol

grv   Grava

gab   Gabro

di   Diabasa
clz   Caliza

kao   Caolín

gr   Granito

F   Fluorita

dol   Dolomía

rio   Riolita

por   Pórfido
piz   Pizarra

bas   Basalto
Ba   Baritina

an   Andesita

esq   Esquisto

zeo   Zeolitas

tra   Traquita

Sr   Celestina

qzt   Cuarcita
arn   Arenisca

dia   Diatomita

peg   Pegmatita

mag   Magnesita

fd   Feldespato

ben   Bentonita

anf   Anfibolita

trv   Travertino

per   Peridotita

se   Serpentinita

fag   Falsa ágata

cgl   Conglomerado

ars   Arena silícea

arc   Arcilla común

Na   Halita, sal gema
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1749 lig

1706 lig

1702 lig

1700 lig1698 lig

1697 tur

1690 lig

1685 lig

1684 lig
1675 tur

1672 lig

1654 lig
1646 lig

1644 lig

1641 tur

411 U, Cu
407 Cu, U

406 U, Cu

405 U, Cu

394 Cu, U

387 U, Cu

219 Ba, F
199 Ba, F
198 Ba, F

197 Ba, F

186 Ba, F
141 F, Ba

99 Pb, Ag
93 Pb, Sb

92 Pb, Zn

85 Pb, Cu

83 Ba, Pb

81 Pb, Cu

80 Ni, Cu

73 Zn, Pb

2070 Zn, Pb

2068 Fe, Cu

2066 Fe, Cu

2044 Cu, Fe

2043 Fe, Cu

2037 Fe, Cu

2036 Cu, Fe

2030 Fe, Cu

2027 Pb, Fe2022 Zn, Fe

2020 Fe, Cu

2017 Fe, Cu
2014 Fe, Pb

2013 Pb, Fe

2009 Pb, Fe

2008 Fe, Pb

2006 Pb, Fe

2002 Pb, F

1997 Ba, Pb

1995 Cu, Fe

594 pyr

592 Mn

591 Mn
588 Mn

587 Mn

586 Mn

583 Mn

582 Mn

581 Mn

579 Mn

578 Mn

577 Ba

574 Mn

572 Mn
571 Mn

569 Mn

567 Mn

566 Pb

565 Mn

564 Mn

562 Mn

559 Ba

558 Pb

557 Mn

556 Mn

555 Pb
554 Fe

553 Pb

547 Fe

546 Pb

545 Pb

544 Pb
543 Pb

542 Pb
541 Pb

540 Pb
539 Fe

537 Pb

535 Cu

533 Cu

532 Cu

531 Cu

530 Fe

527 Pb

525 Sb

523 Pb

522 Fe

521 Fe

519 Pb

518 Fe

517 Pb
516 Pb

514 Pb

513 Pb
512 Pb

511 Pb

507 Pb

503 Pb

501 Pb

500 Pb

499 Pb

498 Pb

497 Pb

494 Pb

493 Pb

491 Pb

486 Pb

485 Pb
482 Pb

481 Pb

480 Pb

478 Pb

477 Pb

476 Pb

474 Pb

470 Ba

468 Pb

464 Pb

463 Pb

462 Pb

460 Pb

459 Pb

457 Pb449 Pb

416 Cu

415 Cu

414 Cu

412 Cu

410 Cu

404 Cu

401 Cu398 Cu

391 Cu

385 Cu

383 Pb

379 Fe

375 Pb

371 Bi

369 Cu

366 Cu
365 Bi

362 Cu

361 Bi

360 Pb

357 Pb

354 Pb

353 Pb

350 Cu

349 Pb
348 Pb

347 Pb

346 Pb

345 Pb

344 Bi

343 Pb

342 Cu
336 Fe

335 Cu

334 Pb

333 Bi

331 Cu

330 Pb

329 Cu

328 Cu
327 Cu

325 Cu

324 Fe
323 Fe

322 Cu

320 Cu
319 Pb

318 Cu

317 Sn

316 Pb

314 Cu

313 Bi

312 Cu

311 Bi

310 Sn

309 Bi

306 Bi

305 Pb

304 Fe

303 Cu

302 Cu

301 Bi

300 Cu

269 Cu

266 Fe

265 Cu

259 Fe

257 Pb

254 Ba

253 Pb

247 Cu

246 Pb

236 Pb

233 Cu

231 Cu

228 Ba

224 Cu

215 Ba

211 Pb

209 Ba

208 Ba

206 Sb

201 Pb

196 Pb

194 Ba

192 Pb

191 Ba

190 Ba

187 Ba

185 Cu

184 Sb
183 Cu

182 Ba

181 Pb

179 Pb

170 Cu

168 Ba

167 Cu

166 Fe

165 Cu

164 Ba

163 Ba

157 Cu

156 Ba

153 Cu

150 Pb

149 Cu

146 Cu

139 Ba

137 Pb

135 Pb

134 Cu

132 Pb

127 Cu

115 Fe

109 Ba

108 Pb

106 fd

75 hul

45 hul

39 hul

2460 Fe

2457 Fe

2453 Fe

2450 Fe

2444 Pb2442 Fe
2440 Fe2432 Cr

2424 Cr

2417 Fe

2415 Fe
2409 Fe

2405 Fe

2403 Fe

2400 Fe

2399 Fe

2394 Pb

2392 Pb

2385 Fe2383 Fe

2380 Fe

2378 Cu

2375 Fe

2374 mi

2371 Fe

2368 Cu

2366 Fe2358 Fe

2355 Cu

2354 Cu

2349 Cu

2345 Cu

2343 Cu

2342 Sb

2341 Cu

2337 Fe

2336 Fe

2334 Cu

2332 Pb

2328 Na

2327 Na

2326 qz

2323 Fe
2320 Fe

2319 Fe

2317 Pb

2314 Fe

2312 Fe

2309 Fe

2308 Cu

2302 Cu
2301 Cu

2295 Fe

2288 Fe

2286 Fe
2279 Fe

2278 Fe

2277 Fe

2274 Fe

2273 Fe

2271 Mn

2270 Fe

2269 Mn

2268 Fe

2267 Mn

2263 Au

2259 Cu

2254 Fe
2253 Fe

2249 Cu

2245 Cu

2244 Pb

2243 Pb

2240 Mn

2237 Fe
2235 Fe

2234 Mn

2233 Fe

2230 Au

2222 Fe

2221 Fe

2220 Fe
2216 Fe
2215 Fe

2214 Fe

2212 Fe

2211 Pb

2210 Fe

2208 Mn

2207 Pb

2205 Mn

2194 Fe

2190 Pb

2188 Pb

2185 Fe

2182 Fe

2181 Pb

2180 Fe

2179 Pb

2178 Fe

2177 Fe

2174 Fe

2172 Fe

2169 Fe
2167 Fe

2166 Fe

2164 Pb

2163 Pb

2162 Fe

2161 Cu

2160 Fe

2159 Fe
2158 Fe

2156 Fe
2154 Fe

2147 Fe2146 Fe

2145 Pb

2144 Fe

2141 Pb

2140 Hg

2139 Fe

2138 Fe

2136 Fe

2134 Fe

2132 Fe

2129 Fe

2127 Pb

2126 Fe
2125 Fe

2124 Fe

2121 Fe

2115 Fe

2112 Fe

2111 Fe

2110 Fe

2108 Fe

2107 Pb

2104 Pb

2101 Fe

2100 Fe

2099 Pb

2098 Fe

2093 Zn
2087 Pb

2085 Fe

2084 Fe

2082 Fe

2081 Fe

2078 Fe

2076 Cu

2075 Fe

2073 Fe

2071 Fe

2067 Pb

2064 Pb

2063 Fe
2061 Fe

2059 Cu

2052 Fe

2051 Pb

2050 Fe

2048 Cu

2047 Pb

2046 Fe

2042 Pb

2041 Fe

2038 Pb

2034 Fe

2033 Fe

2026 Pb

2024 Fe

2023 Fe

2019 Fe

2016 Pb
2015 Pb

2011 Pb

2010 Pb

2007 Fe

2005 Fe

2004 Pb

2003 Cu

2001 Fe

1999 Fe

1993 Pb

1988 Fe
1986 Fe

1983 Fe

1982 Fe

1981 Pb

1980 Pb

1979 Fe

1978 Pb

1976 Pb

1938 Cu

1931 Fe

1929 Fe

1928 Fe

1925 Fe

1922 Fe

1914 Cu

1913 Fe

1912 Fe

1911 Pb

1910 Fe

1907 Fe

1906 Fe

1905 Cu

1903 Pb

1902 Pb

1901 Pb

1900 Pb

1899 Fe

1897 Pb
1896 Fe

1895 Pb

1893 Fe

1891 Fe

1890 Pb

1889 Fe

1886 Fe

1885 Au

1879 Fe

1874 Fe

1871 Cu

1868 Fe

1859 Fe

1858 Fe
1856 Fe

1854 Fe

1853 Hg

1852 Fe

1851 Fe

1848 Fe

1845 Fe

1844 Fe

1839 Hg

1838 Fe

1829 Fe

1824 Cu

1822 Pb

1821 Fe

1814 Pb

1811 Fe

1809 Fe

1803 Pb

1802 Cu

1801 Cu

1798 Cu

1791 Cu

1789 Fe

1788 Cu
1783 Cu

1780 Cu

1777 Pb

1776 Fe

1772 Fe

1766 Zn

1763 Pb

1759 Fe

1754 Pb

1741 Fe

1736 Pb

1725 Pb

1724 Fe

1719 Pb

1716 Zn

1715 Fe

1713 Au

1712 Fe

1710 Pb

1703 Pb

1694 Fe

1683 Cu

1678 Pb

1671 Sr

1670 Fe

1667 Pb

1666 Na
1663 Sr

1658 Cu
1656 Cu

1655 Sr

1649 Sr

1648 Na
1645 Sr

1637 Zn

1636 Fe

1614 Pb

1608 Fe1607 Pb

1604 Fe

1603 Fe

1602 Fe

1601 Mn

1600 Fe
1599 Fe

1596 Fe

1595 Fe

1594 Fe
1593 Fe

1592 Fe

1591 Fe

1589 Na
1588 Fe

1587 Fe

1586 Fe

1584 Cu

1583 Fe

1582 Cu

1581 Cu

1580 Cu

1579 Fe

1578 Fe

1577 Fe

1575 Fe

1574 Mn

1573 Cu

1572 Fe1571 Fe

1569 Pb

1568 Fe

1563 Cu

1561 Cu

1560 Fe

1559 Cu

1558 Cu

1555 Ba

1554 Ba

1553 Ba
1552 Ba1549 Ba

1548 Ba

1547 Fe

1546 Na

1545 Fe

1544 Cu

1543 Fe

1542 Fe

1541 Na

1540 Fe

1539 Cu

1538 Fe

1536 Mn

1535 Fe
1534 Fe

1531 Mn

1530 Fe1529 Fe

1528 Fe

1527 Na
1525 Na

1523 Na

1521 Na

1520 Fe

1512 Na

1511 Na

1509 Fe

1508 Fe

1507 Na
1505 Na

1504 Fe

1503 Na

1501 Na

1500 Ba

1497 Na

1496 Na

1495 Fe, Cu

1494 Fe
1493 cab

1491 Fe

1490 Fe
1489 Fe

1488 Fe

1487 Fe

1485 Na
1482 Fe

1478 Fe

1477 Fe

1476 Fe

1475 Na

1474 Cu

1473 Na

1472 Fe

1471 Na

1469 Na

1468 Fe

1466 Na

1465 Fe

1464 qz

1463 Na

1461 Fe

1460 Na

1458 Fe

1456 Na

1455 Na

1454 Fe

1453 Na

1452 Fe

1451 Na

1446 Fe

1444 Na

1443 Na

1442 Na

1441 Fe

1440 Fe

1439 Fe

1438 Na

1436 Na
1435 Pb

1433 Na

1431 Na

1430 Na

1429 Na

1428 qz

1427 Na

1426 Na

1424 Na

1405 Ti

1404 Ti

1403 Ti

1401 Ti

1400 Sn, W

1399 Cu1396 Cu 1395 Hg
1394 Fe

1389 Fe

1387 Pb

1386 Fe

1383 Cu

1382 Fe

1381 Fe

1378 Fe

1377 Fe

1376 Sr

1375 Fe

1366 Cu
1365 Cu

1364 Cu

1363 Fe
1361 Cu

1359 Fe

1358 Cu
1355 Pb

1353 Cu
1352 Cu

1351 Fe

1350 Pb

1349 Cu

1348 Cu

1347 Pb
1345 Pb

1343 Cu

1342 Cu

1341 Cu

1338 Cu
1337 Cu

1336 Cu

1331 Cu

1328 Cu

1326 Pb

1324 Fe

1322 Fe

1320 Pb1317 Pb

1315 Cu

1313 Pb

1310 Au

1307 Cu

1306 Cu

1305 Pb

1301 Cu

1298 Pb

1292 Au

1291 Fe

1290 Au

1289 Pb
1287 Fe

1286 Fe

1285 Au

1283 Cu

1282 Cu1281 Fe

1280 Cu

1277 Fe

1276 Fe

1275 Fe
1270 Fe

1263 Au

1257 Fe

1254 Pb

1253 Mn

1252 Pb

1244 Pb

1242 Cu

1238 Pb

1234 Cu

1230 Fe

1228 Fe

1227 Fe

1226 Fe

1221 Na

1220 Na

1218 Pb

1217 Fe

1216 Na

1214 Fe

1212 Fe

1211 Na

1210 Fe

1209 Na

1208 Na

1207 Na
1203 Na

1202 Fe

1200 Fe

1198 Fe

1196 Na

1195 Fe

1193 Fe

1192 Fe

1191 Na

1190 Na

1189 Fe

1187 Fe

1186 Fe

1184 Na

1183 Fe

1181 Mn
1180 Na

1179 Fe

1177 Fe

1175 Fe

1174 Fe

1173 Fe

1172 Fe

1171 Fe

1170 Fe

1169 Fe

1168 Fe

1167 Fe

1165 Fe

1164 Fe

1163 Fe

1161 Pb

1160 Fe
1159 Fe

1158 Fe

1157 Fe

1156 Na
1155 Fe

1154 Fe

1153 Fe
1152 Fe

1149 Fe

1148 Fe

1147 Fe

1146 Fe
1144 Fe1143 Fe

1142 Fe

1141 Fe
1137 Fe

1135 Fe

1134 Fe

1132 Pb

1131 Pb

1128 cab

1127 Fe

1126 Fe

1125 Fe

1124 cab

1123 Ba

1121 Fe

1120 Na
1119 Fe

1117 Fe
1115 Fe

1114 Fe
1113 Fe

1112 Fe

1111 Fe

1110 Fe

1109 Fe

1108 Na

1107 Fe

1106 Fe

1105 Na

1104 Na
1103 Fe

1102 Fe

1101 Fe

1099 Na

1098 Fe

1097 Fe

1096 Na

1095 Fe

1093 Fe

1092 Fe

1091 Fe

1088 Fe

1087 Fe

1083 Fe

1082 Fe

1081 Fe

1080 Na

1079 Fe

1077 Na

1076 Fe

1075 Na

1073 Na

1072 Na

1069 Na

1067 Fe

1066 Na

1065 Na

1063 Fe

1062 Fe

1061 Fe1060 Na

1058 Na

1057 Na

1056 Fe

1055 Na

1053 Na

1052 Na

1051 Fe

1050 Na

1049 Na

1048 Fe

1047 Na

1046 Na

1045 Na

1044 Fe

1043 Fe
1042 Na

1041 Na
1040 Na

1038 Na

1037 Na

1036 Cu

1024 Na

1023 Na

1022 Cu
1021 Cu

1020 Fe

1019 Cu

1018 Fe

1016 Ba

1015 Na

1014 Fe

1011 Na

1010 Ba

1007 Na

1002 Cu

993 dia

992 gas990 gas

968 gas

949 dia

927 gas

924 gas

917 gas
910 gas

893 gas

888 hul

885 pyr

883 pyr
881 pyr

876 gas
874 gas

841 pyr
822 pyr

817 pyr

791 pyr

785 pyr

776 pyr

775 pyr

772 pyr

763 pyr

759 pyr

756 pyr

741 pyr

739 pyr

722 pyr
708 pyr

706 grf
692 grf

688 pyr

687 asb

683 grf

681 pyr

677 grf

675 pyr, Cu

674 pyr

669 pyr

661 pyr

657 pyr

654 pyr

633 pyr

631 pyr
626 pyr

620 pyr

616 grf

612 pyr

602 pyr

408 dia

237 hul
222 hul

189 hul

180 kao

176 hul

158 hul

155 hul

144 ant

143 ant

111 and

2454 asb2451 tlc
2439 asb

2431 tlc

2430 asb

2429 grf

2398 grf

2381 tlc

2369 grf

2365 grf

2351 pib
2329 pib

2316 ben

2298 ben

2296 ben

2284 ben
2275 ben

2265 ben

2264 alu

2246 ben

2232 ben

2228 ben
2223 ben

2209 ben

2204 ben
2203 ben

2200 ben

2193 tlc

2192 ben

2187 grt
2186 grt

2184 lig

2176 dia

2137 mag

2135 mag

2122 lig2120 alu

2103 mag

2086 tur

2074 mag
2060 mag2035 mag

2021 asb

1631 lig

1630 lig

1629 lig

1628 lig

1627 lig

1626 lig

1625 lig

1624 lig

1623 lig

1622 lig

1619 lig

1618 lig

1617 lig

1616 lig

1612 lig

1611 lig

1609 lig
1606 lig

1506 pib

1484 pib

1479 pib

1467 pib

1462 pib

1437 cab

1423 sep

1422 dia

1421 gas1419 gas

1418 gas

1417 gas

1416 gas

1415 gas

1414 dia

1413 gas

1412 gas1411 gas
1410 gas

1409 tur

1408 gas

1407 gas

1406 gas

1402 tur

1398 Pyr

1314 tlc1309 tlc

1308 lig

1304 tlc1297 lig

1295 lig

1294 lig

1284 lig

1279 lig

1260 lig

1259 lig

1258 lig

1256 lig

1245 lig

1213 lig
1206 ben

1197 lig

1188 grf
1185 grf

1166 dia
1133 dia
1130 dia

1129 dia

1116 dia

1100 dia
1094 dia

1090 dia

1089 dia

1086 dia

1084 dia

1078 dia

1074 dia

1071 dia

1070 dia

1068 dia

1064 dia

1054 dia

1039 dia

8 var, Cu

1 Pb, Zn

955 P, Fe

70 Pb, Zn

68 Pb, Zn

67 Pb, Zn

65 Pb, Zn

64 Cu, Fe

63 Pb, Zn

62 Pb, Zn

61 Pb, Zn

60 Pb, Zn

59 Pb, Mn

54 Pb, Zn

47 Pb, Zn

37 Cu, Fe

2282 Pb, F

2055 Pb, F

1935 Pb, F

1915 Pb, F

1892 Pb, F

1864 Pb, F

1770 F, Pb

1760 Pb, F

1735 Pb, F

1721 Pb, F

1668 F, Zn

1635 Pb, F

1251 Pb, F

1232 Pb, F

999 Cu, Pb

994 Ag, Pb

986 Zn, Pb

981 Pb, Ag

974 Fe, Pb

972 Cu, Fe

966 Cu, Fe

948 Cu, Fe

945 Pb, Zn

935 Pb, Ag

934 Pb, Zn

929 Pb, Zn

928 Ba, Cu

919 Zn, Pb

916 Pb, Zn

912 Fe, Cu

906 Ag, Pb

902 Fe, Cu

901 Ag, Pb

900 Fe, Cu

899 Fe, pyr

898 Fe, Cu

897 Fe, Cu

891 Cu, Fe

882 Zn, Pb

879 Zn, Pb

878 Pb, Zn

873 Fe, Cu

868 Cu, Zn867 Cu, Pb

858 Pb

855 pyr, Cu

851 pyr, Cu

848 Cu, Au

846 Fe, Cu

838 pyr, Cu

836 Cu, Fe

835 Fe, Cu

834 Cu, Zn

831 pyr, Cu

828 F, Pb

825 Cu, pyr

818 pyr, Cu

814 Pb, Zn

813 pyr, Cu

806 Cu, pyr

804 Pb, Zn
802 Pb, Zn

797 Pb, Zn

795 Pb, Zn

789 pyr, Cu

780 Cu, Au774 pyr, Cu

762 Cu, pyr

757 pyr, Cu

755 pyr, Cu

752 pyr, Cu

740 pyr, Cu

738 pyr, Cu

726 pyr, Cu

725 Cu, pyr

710 Cu, Pb

704 pyr, Cu

703 pyr, Cu

701 pyr, Cu

698 pyr, Cu694 pyr, Cu

685 pyr, Cu

673 Mn, Fe

667 pyr, Cu

666 pyr, Cu

653 Cu, Zn

650 grf, pyr

646 pyr, Cu
645 pyr, Cu

641 pyr, Cu

640 grf, Fe639 pyr, Cu

634 Fe, Mn

619 Pb, Ba

611 pyr, Cu

600 Mn, Fe

599 Mn, Fe598 Fe, Mn
597 Cu, Fe

593 pyr, Cu

590 pyr, Cu

589 Mn, Fe

584 Fe, Mn

580 pyr, Cu

576 pyr, Cu

575 pyr, Cu

573 pyr, Cu

275 Bi, Pb

268 Pb, Ag

264 Ba, Pb

262 Cu, Pb
258 Pb, Cu

256 Pb, Ag

245 Cu, Au

244 W, Sn

243 Pb, Zn

242 Ba, Pb

239 Ba, Pb

234 Fe, Pb
232 Pb, Zn

229 Pb, Zn

225 Pb, Ag
223 Pb, Ag

217 Cu, Fe

216 Ba, qz

212 Ba, qz

207 Pb, Ag

205 Pb, Cu

195 Pb, Ag
193 Pb, Ag

188 Cu, Pb

175 Fe, Ba
174 Fe, Ba

173 Pb, Ag

171 Fe, Cu

161 Ba, Cu

160 Cu, Ba

154 Cu, Ba

147 pib, grf

140 Ba, Fe

136 Cu, Pb
130 Fe, Cu

126 Fe, Cu

125 Pb, Cu

124 F, Ba

121 Pb, Zn
117 Fe, Cu

112 Pb, Zn

110 Pb, Ba
107 Pb, Zn

2445 Pb, Fe

2426 Pb, Zn

2388 Cr, Sn
2387 Pt, Cr

2386 grf, Cu

2384 Pt, Cr

2379 tlc, Fe

2377 asb, tlc

2376 tlc, asb

2367 ver, Cu
2348 Cu, Fe

2339 Cu, Ti

2338 Cu, Fe

2333 Cu, Fe

2331 Pb, Zn

2322 Pb, Zn
2321 Pb, Zn

2315 Fe, Pb

2313 Fe, Pb

2310 Sb, Pb

2289 Zn, pyr

2262 ben, zeo

2197 Pb, Mn

2195 Pb, Zn

2189 Pb, Mn

2175 Fe, Pb

2123 Fe, Cu

2106 S, alu

2065 Cu, Fe

2062 Fe, Pb2054 Fe, Pb

2049 Cu, Fe

2029 Fe, Cu

2028 Fe, Cu

2025 Pb, Fe

2018 Cu, Fe

1998 Cu, Fe

1932 Fe, Cu

1916 Pb, Cu

1908 Fe, Pb

1887 Fe, Hg

1882 F, Pb

1877 Fe, Cu

1873 Cu, Fe

1872 Pb, Cu

1869 Fe, Cu

1867 Hg, Cu

1861 F, Pb

1860 Pb, Cu

1855 Fe, Ba

1850 Fe, Cu

1847 Fe, Cu

1846 Cu, Fe

1837 Pb, Zn

1836 Fe, Cu

1835 Cu, Fe

1834 Pb, Fe

1826 Cu, Fe
1823 Cu, Fe

1820 Cu, Fe

1818 Fe, Cu

1816 Pb, Mo

1815 Cu, Fe

1812 Cu, Fe

1808 Cu, Fe

1804 Ag, Sb

1800 Cu, Fe

1799 Fe, Cu

1796 Pb, Mo

1794 Fe, Cu

1792 Pb, Cu

1785 Fe, Cu

1784 Pb, Zn

1778 Pb, Cu

1775 F, Pb

1773 Cu, Hg

1756 F, Pb

1731 Zn, Pb
1730 Zn, Pb

1729 Pb, F

1728 Zn, Pb

1718 Fe, Zn

1699 Pb, Mo

1696 Pb, Zn

1689 Pb, Mo

1688 Pb, Cu

1687 Co, Cu

1686 Pb, Mo

1681 Pb, Mo
1679 Pb, Mo

1674 Pb, Zn

1673 Pb, Zn

1665 F, Pb
1664 Pb, Mo

1662 Zn, Pb

1660 Pb, Zn

1657 Pb, Mo

1643 Pb, Mo

1642 Pb, Mo

1640 Pb, Zn1639 Fe, Ba

1634 F, Pb

1613 Zn, Pb

1605 Mn, Fe

1598 Ti, Sb

1570 Fe, Ti

1556 Cu, Mn

1551 Ba, Cu

1550 Ba, Fe

1537 Fe, Cu

1533 Fe, Cu

1532 Ba, Fe

1526 Ni, Cr

1524 Cr, Ni
1522 Cr, Ni

1519 Cr, Ni

1517 Fe, Cu

1516 Ni, Cr
1515 Ni, Cr1514 grf, Fe

1513 Ni, Cr

1502 Cu, Fe1498 Cr, Ni

1486 Pb, Fe

1483 Fe, Cu

1457 Fe, Mn

1449 Fe, Cu

1445 Fe, Mn

1367 Cu, Co

1357 Pb, Cu

1356 Pb, Zn

1339 Co, Cu
1327 Pb, Zn

1325 Co, Cu

1323 Cu, Fe

1319 Pb, Zn

1312 Pb, Zn

1300 Pb, F

1299 Cu, Pb

1296 Pb, Zn1293 Cu, Pb

1288 Fe, Mn

1255 Cu, Hg

1222 Pb, Cu

1215 kao, lig

1205 Pb, Ag
1199 Cu, Fe

1194 Cu, pyr

1034 Fe, Cu

1033 Pb, Zn

1032 Pb, Zn

1030 Cu, Pb

1029 Fe, Cu

1017 Pb, Zn

1013 Cu, Fe

1012 Pb, Ag

1009 Pb, Cu

1008 Pb, Ag

1006 Pb, Zn

1005 Pb, Ag

1003 Pb, Ag

1001 Pb, Zn

1000 Pb, Ag

1397 Cu, Pyr

94 U

826 W

281 F

105 U

91 fd

89 fd

23 Fe19 Ba

14 Fe

10 Cu

1271 S1269 S
1266 S

978 Ba

977 Cu

976 Fe

971 Ba

970 Cu

965 Fe
952 Ba

833 Cu
812 Mn

769 Mn765 Mn

761 Pb
750 Fe

746 Mn

744 Cu

700 Fe

695 Fe

678 Mn659 Cu

628 Ba
625 Ba

623 Mn

622 Cu

568 pyr

552 Pb

551 Pb

550 Pb
548 Pb

529 Pb

524 Pb

520 Ba

515 Pb

510 Pb

509 Pb

508 Pb

495 Pb

492 Pb

490 Pb

489 Ba

488 Pb

487 Pb

484 Pb

483 Ba

479 Pb

475 Pb

472 Pb

471 Pb

469 Pb

467 Pb

466 Pb

465 Pb

461 Pb

458 Ba

456 Pb

455 Pb

454 Pb

453 Pb

452 Pb

451 Pb

450 Pb

448 Pb

446 Pb

440 Sb

425 Pb

422 Cu

374 Pb, Zn

368 Cu

339 Cu

321 Pb

307 Pb

289 Cu

272 Pb

267 Fe
248 Pb

241 Fe

240 Pb

235 Cu221 Cu

203 Cu

202 Ba

200 Ba
159 Cu

151 Cu

148 Cu

145 Pb
128 Ba

100 fd

2459 Mn2458 Fe

2456 Fe

2447 Fe
2446 Fe

2422 Cu

2413 Cu

2406 Cu

2372 Cu2370 Cu

2362 Cu

2353 Cu

2352 Ni

2344 Cu

2340 Cu

2311 Fe

2307 Fe
2305 Fe

2303 Fe

2299 Cu

2297 Fe

2287 Cu

2285 Pb2283 Pb

2281 Fe2276 Fe

2266 Hg

2250 Mn

2242 Cu

2236 Au2231 Au

2227 Fe

2219 Fe

2218 Au

2201 Pb

2199 Fe

2196 Pb

2183 Fe2171 Pb

2170 Pb

2153 Cu

2151 Fe
2148 Pb

2143 Pb

2117 Pb

2116 Fe
2114 Fe

2109 Fe

2096 Pb

2095 Fe
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166 Aluviales y coluviales                                                                  
165 Conglomerados, arenas y limos (coluviales)                                 
164 Margas azules y grises. Calcarenitas y limos amarillos                 
163 Conglomerados, arenas, limos rojizos y margas. Conglomerados y areniscas 
      calcáreas con ostreidos 
162 Alternancia de arcillas, limos y conglomerados                            
161 Conglomerados, arenas y limos de color rojizo                             
160 Margas gris azuladas y areniscas 
159 Conglomerados, arenas y limos rojizos y margas
158 Calcarenitas y limos amarillos                                                       
157 Calizas lacustres (páramos)
156 Yesos y margas                                                                           
155 Alternancia de areniscas y margas                                              
154 Margas gris azuladas. Localmente conglomerados                     
153 Calcarenitas y conglomerados. Localmente arrecifes                  
152 Calcarenitas y conglomerados, areniscas, arenas y limos amarillos. 
      Calizas de algas    
151 Conglomerados, arenas y limos rojos y margas                            
150 Margocalizas con lignito                                                              
149 Margas con yesos                                                                       
148 Conglomerados, limos y arcillas                                                   
147 Alternancia de areniscas y margas. Localmente conglomerados 
146 Margas gris azuladas y blancas con intercalaciones de areniscas                                                                                        
145 Calizas de algas, calcarenitas, conglomerados calcareníticos.                                                               
144 Rocas volcánicas                                                                       
143 Areniscas, margas y yesos                                                          
142 Conglomerados                                                                           
141 Margas blancas, areniscas y calizas                                           
140 Margas, areniscas, yesos y calizas                                              
139 Conglomerados rojos                                                                   
138 Brechas y arcillas con olistolitos (Unidad Olistostrómica)             
137 Arcillas con bloques. Uds. del Campo de Gibraltar                      
136 Areniscas cuarzosas (Aljibe). Uds. del Campo de Gibraltar          
135 Margas y areniscas micáceas. Uds. del Campo de Gibraltar       
134 Margas, margocalizas y calcarenitas. Subbético                         
133 Calizas bioclásticas y margas. Prebético                                     
132 Calizas, calcarenitas, areniscas y conglomerados. Maláguide     
131 Arcillas y margas versicolores. Uds. del Campo de Gibraltar        
130 Margas, margocalizas y calizas con sílex. Margocalizas rosadas. Subbético   
129 Calizas, margocalizas y areniscas. Prebético                               
128 Arcillas y margas grises y verdosas con calcarenitas. Uds. Campo de Gibraltar
127 Calizas margosas rosadas, verdes y blancas. Subbético             
126 Dolomías, calizas y margas: Prebético                                        
125 Calizas, margas y arenas. Prebético                                            
124 Calizas, margocalizas y margas. Maláguide                                 
123 Calizas, margocalizas, margas, areniscas y conglomerados. 
      Complejo Frontal de las Zonas Internas                    
122 Margas y arcillas verdes y rojas con areniscas. Uds del Campo de Gibraltar
121 Ritmitas margosas y calizas pelágicas. Subbético                       
120 Calizas, margocalizas y margas. Prebético                                  
119 Calizas y dolomías: Maláguide                                                    
118 Calizas, margas y radiolaritas. Calizas rojas (ammonítico rosso). Subbético
117 Rocas volcánicas, margocalizas y calizas. Subbético                 
116 Calizas y margas grises. Subbético                                              
115 Calizas blancas y dolomías. Subbético                                       
114 Dolomías y calizas. Prebético                                                     
113 Rocas básicas. Ofitas. Subbético                                               
112 Calizas negras. Subbético                                                           
111 Yesos. Subbético                                                                        
110 Areniscas y arcillas rojas con yesos. Subbético                           
109 Arcillas y yesos. Localmente areniscas. Prebético                       
108 Conglomerados, areniscas y arcillas. Prebético                           
107 Conglomerados, arcillas, dolomías y yesos. Maláguide               
106 Calizas, dolomías y margocalizas. Mármoles. Alpujárride             
105 Filitas y esquistos claros con cuarcitas. Alpujárride                      
104 Pizarras, grauvacas, conglomerados y calizas. Maláguide          
103 Peridotitas. Alpujárride                                                                 
102 Esquistos grafitosos. Alpujárride                                                  
101 Gneises. Alpujárride                                                                     
100 Gneises. Nevado-Filábride                                                          
 99 Mármoles con esquistos y yesos. Nevado-Filábride                      
 98 Micasquistos y cuarzoesquistos. Nevado-Filábride                       
 97 Micasquistos grafitosos. Nevado-Filábride                                    
 96 Conglomerados, areniscas, lutitas calizas y coladas de basaltos. 
      Carbonífero-Pérmico de San Nicolás
 95 Conglomerados, lutitas, areniscas rojas y coladas basálticas. Pérmico del Viar
 94 Brechas y/o fanglomerados fluviales poligénicos con capas de carbón. 
      Cuenca de Peñarroya 
 93 Pizarras, grauvacas, conglomerados con cantos y olistolitos poligénicos. 
      Carbonífero del Kilva                                   
 92 Grauvacas, pizarras y gravas. Culm de la FPI                              
 91 Pizarras, grauvacas, areniscas y conglomerados. Culm de Los Pedroches
 90 Pizarras, lutitas y grauvacas con predominio de basaltos y rocas básicas. 
      Carbonífero de Guadalbarbo
 89 Pórfidos cuarzomonzodioríticos de Navaserrano, andesitas,traquiandesitas, 
      tobas híbridas y ácidas, aglomerados volcánicos, epiclastitas. 
      Complejo La Campana. Riolitas y tobas riolíticas. Complejo Erillas-Paredón.
      Coladas de pórfidos dacíticos y riolíticos. Dacitas de Ceperuela. Epiclastitas de 
      El Orejón. Espilitas del Complejo Erillas-Paredón. 
      Complejo Vulcanosedimentario de VCLC
 88 Brechas, fanglomerados, lutitas, grauvacas, y capas de carbón. 
      Cuenca de Valdeinfierno 
 87 Pizarras, areniscas, grauvacas, conglomerados y capas de carbón. 
      Cuenca del Guadiato y otros                                             
 86 Pizarras, grauvacas y conglomerados. Terena superior               
 85 Vulcanitas ácidas, básicas e intermedias con epiclastitas, cineritas y equivalentes 
      subvolcánicos. Masas de sulfuros. Complejo Vulcanosedimentario de la FPI
 84 Cuarcitas ferruginosas, pizarras, areniscas. Devónico superior    
 83 Cuarcitas con niveles pizarrosos y litarenitas. Devónico Sup DOV
 82 Gravas, litarenitas y pizarras grises. Fms. Santa Iría, Gafo y Horta da Torre
 81 Alternancia de pizarras, limolitas, areniscas y cuarcitas. Grupo PQ
 80 Pizarras y grauvacas. Fms. Ribeira de Limas y Atalaia
 79 Pizarras, areniscas, cuarcitas ferruginosas y vulcanitas. Devónico inferior
 78 Cuarcitas, areniscas ferruginosas, pizarras y niveles de calizas. 
      Silúrico-Dev. inferior. U. Alóctonas del DOV
 77 Pizarras, grauvacas, conglomerados e intercalaciones de calizas biodetríticas. 
      U. Terena inferior
 76 Pizarras negras con alguna intercalación cuarcítica                    
 75 Esquistos y micasquistos grafitosos con cuarzos acintados, cuarcitas y budines 
      de granitoides. U. Pulo do Lobo        
 74 Anfibolitas de grano fino y grueso, rocas básicas, ortoanfibolitas toleíticas 
      y esquistos verdes. Los Ciries                   
 73 Esquistos y areniscas con metavulcanitas y anfibolitas. Sucesión de El Cubito
 72 Gneises, anfibolitas, retroeclogitas, micasquistos, cuarcitas negras. 
      Unidad Elvas-Argallón
 71 Pizarras grafitosas, cuarcitas, areniscas ferruginosas, pizarras y niveles 
      de calizas. Silúrico-Dev. inferior. Uds. Parautóctonas del DOV
 70 Ampelitas, liditas y pizarras grafitosas. Silúrico                              
 69 Cuarcitas, pizarras y calizas. Ordovícico superior DCEG              
 68 Pizarras grises. Ordovícico medio DCEG                                     
 67 Cuarcitas, pizarras y ortocuarcitas. Ordovícico inferior DCEG      
 66 Cuarcitas, cuarzoareniscas y filitas, intensamente deformadas por cizalla. 
      Ordovícico U. Alóctonas del DOV
 65 Pizarras, areniscas, cuarcitas feldespáticas. Ordovícico de las 
      Unidades  Parautóctonas del DOV
 64 Pizarras verdes y grises con nódulos, limolitas y areniscas que intercalan 
      barras de areniscas cuarcíticas blanco amarillentas o rojizas (oolíticas) y niveles 
      de calizas. Ordovícico del Sinclinal del Valle
 63 Pizarras gris verdosas y moradas con vulcanitas ácidas y básicas. Fm Barrancos                                                                   
 62 Mármoles grises, blancos y rocas de silicatos cálcicos                 
 61 Filitas, areniscas, cuarcitas feldespáticas, pizarras laminadas, y vulcanitas. 
      Fm. Azuaga
 60 Pizarras, areniscas y cuarcitas. Cámbrico medio Detrítico (Fatuquedo, Albuera, 
      Capas del Playón)                              
 59 Basaltos y vulcanitas básicas. Basaltos del Playón                      
 58 Micasquistos y cuarzoesquistos+estaurolita+moscovita+andalucita+granate, 
      cuarcitas y ortogneises. Micaesquistos Albariza -Bembezar. Sierra Albarrana
 57 Pizarras, grauvacas.Tramo detrítico superior del Cámbrico inferior.
 56 Grauvacas y pizarras versicolores con rocas con niveles vulcanoderivados. 
      Esquistos de Jerez                                   
 55 Sericitas, areniscas, metavulcanitas ácidas y básicas, anfibolitas, carbonatos 
      y rocas de silicatos cálcicos. Complejo Vulcanosedimentario de Aracena           
 54 Arcosas, pizarras sericíticas, areniscas y cuarcitas feldespáticas. 
      Sucesión cambro-ordovícica                       
 53 Filitas, areniscas, cineritas cuarcitas feldespáticas y vulcanitas ácidas y básicas. 
      Tramo del Encinarejo
 52 Cuarcitas feldespáticas, metarcosas y esquistos sillimaníticos. 
      Cuarcitas de Sierra Albarrana
 51 Calizas, dolomias, pizarras y mármoles con arqueociatos. 
      Miembro Carbonatado del Cámbrico inferior                 
 50 Arcosas, pizarras, conglomerados, areniscas cuarzofeldespáticas y calizas a techo. 
      Fm. Torreárboles ZCI
 49 Arcosas, pizarras, conglomerados y areniscas cuarzofeldespáticas. 
      Fm. Torreárboles
 48 Tobas, metavulcanitas ácidas, aglomerados volcanoclásticos y calizas. 
      Porfiroides de Bodonal.
 47 Dolomias y mármoles dolomíticos de Aracena                              
 46 Gneises migmatíticos, cuarcitas y anfibolitas. Peña Grajera, Sierra Albarrana
 45 Vulcanitas ácidas porfídicas, con fenocristales de plagioclasa, y a veces cuarzo, 
      en una matriz de cuarzo, feldespato y productos sericíticos. Grupo Malcocinado  
 44 Metacineritas, metatobas, metavulcanitas andesíticas, calizas y aglomerados 
      volcánicos. Grupo Malcocinado                 
 43 Gneises con intercalaciones de metavulcanitas. Gneises de José Torán
 42 Pizarras, grauvacas y metabasitas. Complejo Esquisto-Grauváquico 
 41 Esquistos, cuarzoesquistos, gneises, gneises alcalinos, grauvacas, anfibolitas 
      y metabasitas.
 40 Esquistos grafitosos, biotíticos y anfibolitas. U. de Retamar         
 39 Gneises miloníticos, micasquistos, cuarzoesquistos, cuarcitas negras milonitizados. 
      Serie Negra. Tramo gnéisico
 38 Cuarzoesquistos miloníticos, gneises miloníticos, pizarras, grauvacas y 
      cuarcitas negras. Serie Negra milonitizada
 37 Pizarras sericíticas, filitas grises y mármoles. Sucesión de Loma del Aire
 36 Migmatitas, gneises y esquistos biotíticos. Domo de Lora del Río
 35 Pizarras, grauvacas, cuarcitas negras, mármoles, anfibolitas y migmatitas. 
      Serie Negra, Sucesión Tentudía
 34 Esquistos, cuarcitas negras, gneises y migmatitas. Sucesión Montemolín, 
      Serie Negra
 33 Gneises migmatítico-grafitosos con cuarcitas negras. Pasan gradualmente 
      a los gneises cuarzofeldespáticos con biotita de Aracena. Gneises Fuente del Oro
 32 Esquistos grafitosos, cuarcitas y cuarcitas negras. Fm La Umbría

Rocas filonianas 
 31 Diques de cuarzo                                                                         
 30 Diques de pórfidos graníticos y riolíticos. Diques granodioríticos, 
      microdioríticos y diabasas
Rocas ígneas y variscas
 
 29 Granitos y monzogranitos biotíticos con cordierita,
      microgranitos y leucogranitos. U. Granítica Los Pedroches
 28b Microgranodioritas a leucogranitos. 
       U. Granodiorítica Los Pedroches
 28a Granodioritas y monzogranitos biotíticos con anfíbol.
      En algún sector, microgranodioritas y leucogranitos. 
      U. Granodiorítica Los Pedroches
 27 Granodiorita  de Santa Elena                                                       
 26 Granitos biotíticos a granodioritas y leucogranitos cordieríticos.
      El Pedroso
 25 Granitos biotíticos de grano medio grueso±cordierita±granate.
      El Berrocal y El Crispinejo
 24 Dioritas y monzodioritas del Rosal                                                
 23 Granito de Los Arenales                                                               
 22 Granitos y leucogranitos de La Cardenchosa                               
 21 Granodiorita y granito de Aroche                                                  
 20 Cuarzodioritas a dioritas de Aroche                                              
 19 Gabros y dioritas                                                                           
 18 Tonalitas y granodioritas de Santa Olalla y Teuler
 17 Granito de Peñas Pardas (AMVC).                                               
 16 Granodioritas de la Buenagua y otras. (AMVC)                             
 15 Microgabros y diabasas del Alcornocal (AMVC)                           
 14 Gabros de la Alineación  Magmática Villaviciosa-La Coronada 
      (AMVC)
 13 Granodiorita, monzogranitos y pórfidos graníticos de Gil Márquez
 12 Granitoides trondhjemíticos del BSN                                            
 11 Rocas básicas del BSN                                                               
 10 Ortoanfibolitas de Beja-Acebuches
Granitoides cambro-ordovícicos
  9 Ortogneises de Arroyo Tejera y La Minilla                                      
  8 Granitos de El Garrotal                                                                  
  7 Granitoides de El Álamo y Las Cabras. Rocas ígneas cadomienses                                                           
  6 Granodioritas de anatexia, leucogranitos y granitos albíticos 
     cataclásticos 
  5 Granitoides de El Escribano, La Bomba y Las Cabrillas
Rocas ígneas y cadomienses
  4 Serpentinitas, rocas ultrabásicas                                                   
  3 Metabasitas y/o anfibolitas (Serie Negra de Lora)                         
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  1 Granitos y dioritas de Valsequillo
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