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Abstract
This paper intends to address military earthen architectural heritage, investigated in the research project CADIVAFOR - Cataloguing, Digitalization and Valorisation of the Defensive Fortresses of the frontier Galicia - North Portugal. A research project developed at CICRA-ESGallaecia, from 2005 to 2008, under the framework of the financed program INTERREG IIIA. It concerns the identification and the study of earthen fortresses in the north border between Portugal and Spain. These military topographies have been until very recently, unknown. The paper addresses the framework of the investigation, the research analyses of the historic and geographic context, when the earthen fortresses were built; the relation with the architectonic archetype, its spatial implementation; as well, as the importance of the construction system applied. In balance, this investigation aims to contribute for the awareness of existing earthen military heritage, but more important the need to further the research for the advance of knowledge in earthen cultural heritage. 
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Fig.1 - Location of some the identified earthen fortresses, on the borders of the international river Minho, in Portugal and Spain (credits: CICRA-ESG, 2007).
1. INTRODUCTION
At the Research Centre CICRA-ESG, investigation, consultancy and public services are developed integrating four main scientific research domains: heritage, architecture, sustainability and environment. Several of the developed research projects have been financed through European, Iberian or National research programs. Furthermore, International, National and Regional entities, as well as Portuguese and Spanish Municipalities require as well, ESG services and expertise consultancy. 
The present paper was based on the research project CADIVAFOR (1). Its principal goals were to identify, to classify and to give significance to the military heritage existing on the border between Galicia and the north of Portugal. The research project concerned the defensive fortresses built during the 17th century, around the international river Minho. The results would provide a solid framework when addressing safeguard projects and conservation intervention. At first, just stone fortresses were studied, but later, following the identification of several earthen fortresses, a more systematic and heuristic approach was established to further the knowledge on this little identified earthen heritage. 

The research project was a joint partnership between CIEFAL-ICOMOS (Centro Internacional de Fortificação e Apoio Logístico do ICOMOS) the International Centre for Fortresses and Logistic Support of ICOMOS, situated in Ferrol (Spain), CICRA-ESGallaecia from Escola Superior Gallaecia, located in Vila Nova de Cerveira (Portugal) and CIS-Galicia, Galician Centre for Technology and Design, at Ferrol (Spain).
2. HISTORIC AND GEOGRAPHIC CONTEXT
2.1 Portuguese restitution War
The construction of these fortresses was a direct result from the Portuguese restitution War (Guerra da Restauração) that happened in the 17th century (1640-1668). This war confronted the Portuguese and the Spanish kingdoms looking for territory control, and following the regain of Portugal’s independence from Spain, in 1640.
The earthen fortresses under analyses are part of several sub-systems of military architecture, which includes stone fortifications also built along side the Minho River. In general, the mentioned historical military systems can be identified by groups of fortifications erected in direct confrontation of each other. Some are isolated, if they were built in campaign settlements (that is the case of most of earthen fortresses in the region) and others are surrounding and protecting villages and towns (those are known as ‘praça-fortes’ and were usually built in stone).

The studied earthen fortresses were built during three specific war episodes (Castro, 1995, p.9). These episodes occurred whenever the confronting armies would advance in incursions into the enemy’s territory. These actions and subsequent retaliations, with significant movements of troops, required the need to constitute prompt campaign settlements in a time of few resources. 

2.2 Itinerant War related to strategic geography 
The first group of earthen fortresses are built when the Portuguese forces occupied the Spanish frontier village of Salvaterra (1643), advancing from Monção, to control one important passage point through the river. After withdraw, the Spanish troops despite difficult reorganization, urgently established a defensive circle. Spread from north to west, to obstruct a larger penetration, they raised three fortified positions based on earthen structures and trench lines (Fillaboa, Santiago de Aytona -complemented with de la Estrella fortress- and San Pablo del Porto).
The second group goes from 1956 to 1958 and again in 1664, and was originated from a Spanish initiative (Tavares and Correia, 2007, p.37). After an expeditionary advance on the oriental part of the Portuguese territory (1657), with no practical results, the person in command of the Spanish army, Vicent Gonzaga, decides to build a boat bridge between Amorim and S. Pedro da Torre, in each side of the river frontier. Trying to reach and conquer Valença and Monção from the back side, he erects two large earthen fortresses (Amorim and S. Luiz Gonzaga) as the basis of this strategic passage (AAVV, 2008, p.3-13).
As a retaliation, especially to control movements, Portuguese forces rapidly assemble some campaign positions. First they construct S. Jorge da Silva as a direct menace point to the enemy position. Then, according to the development of the battles, they raised other earthen fortresses along the main communications axis (from which prevailed some examples like Gandra, Belém, Guingoleta and Balagota) mostly aiming to support the defense of the main important strategic city of Valença and its supply passageway.
In a third and last period (1664 to 1665) (Tavares and Correia, 2007, p.37), Portuguese troops invade once again Spanish territory, specifically the Goian region. Divided by the river Minho, and facing the main Portuguese village of Vila Nova de Cerveira, Portuguese solders erect from a small pre-existent structure, the large earthen fortress of Nossa Senhora da Conceição (Garrido, 1989, p.127). Consequently, the Spanish forces are pushed to the North and build an extraordinary earthen structure in the village of Estas, the Santiago Carrillo fortress, Medos, in Tomiño, Spain.
2.3 Physic frontier: the river as a natural border line

It is important to state that these episodes reflect the main war periods of the Portuguese restitution war, after which all the campaign settlements were abandoned.  Efforts were then spent reinforcing defence lines of the main cities, which were built in permanent stone structures. It is also relevant to consider that this was the last pro-ballistic insurgency, in the war context strategy, that characterizes the Restitution conflicts.
In 1965, the war was finally over and the natural border created by the international river Minho, becomes the physic frontier on this region of Iberia Peninsula. With the end of the war, several earthen fortresses built in the south of Galicia, Spain, remain as memory of Portuguese efforts advance. Similar situation happens in the north of Alto Minho region, Portugal, where Spanish earthen military architecture from this period, can still be identified.
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3. ARCHITECTONIC ARCHETYPE
Fig.2 - Plan of the earthen fortress of Gandra, Valença, Portugal (credits: Garrido, 1982).
3.1 Development of war techniques 

The introduction of the gunpowder projectile elements, specially the cannons, in the pos-medieval war context, changed entirely the paradigm of the nature of military construction. The strategy of approach, either offensive or defensive, changed due to the evolution of the arsenal type of attack. The original military structures were built to defend from bullets and simple offensive methods. The later introduction of cannon ball impact change the way the military structures were planed and built.
3.2 Defence medieval system

The medieval organic defence lines, mostly built with stone masonry, aimed to achieve the protection of the highest possible vertical wall. Usually adapted to the natural topography landscape, the medieval defensive system was vulnerable when attacked by cannon firepower at distance (Correia, 1997, p.28-37).
3.3 Defence renascence system

Despite of its predecessor prime characteristic, the renascence bulwark model, trade the vertical structure, with a maximum high top implantation, for a horizontal defensive line, imbibed in the terrain, to try to minimize as much as possible, the exposure of interior structures. 
The organic defensive medieval lines (mostly composed by plans of irregular elliptic forms) were also converted into regular geometric forms, reflecting the latest mathematic scientific advances. This was possible, by applying directly into the building structure, exterior walls additions with adequate angles, in order to protect the fortress from the extension of the cannon ball impact, and reduce interior damage.
The pure basic polygons figures are widely explored in this new framework; although, in numerous cases, the original medieval lines were absorbed or reinforced by the principles associated to this new fortification structure. This is clear in the case of the largest villages of the Portuguese territory and understood as economy of efforts.  
3.4 Geometric bulwark fortification model

The square and pentagon plan, with slight deformations, are often mentioned as the ideal plan configuration for the perfect bulwark fortification, due to the different types of angles and walls existing in a unique structure (Rodriguez-Villasante, 1984, p.7).
The introduction of the bulwark as the key element (or the so called bastion), in the defensive fortification line, is clearly the major noticeable improvement in its general morphology (Fig 2). The need to fill this element interior space, in its compact nature concept (by absorbing the impact energy) it is perhaps the emerging recognition of the earth potential, as a quality material to be used in the resistance to the projectile new requirements.

It is evident that in the particular case of the pit, some of the ancient medieval components still prevailed. Therefore, there was an evident evolution, with a deeper and wider section, spreading considerably the range of the structure; which is related to the roundabout circulation protection and to the adjustment into the fortification configuration. It duplicates, or in some cases triplicates, the defensive trench line between the fortification line and the exterior battle field.
3.5 The adaptation to the campaign fortified positions

The resources optimization in the construction process, and the achievements of the renascence military architect’s strategy, dictated that the earth extraction process, consequent from the constitution of pits, had to have a far more useful application. It is therefore undeniable that the land movement and the land compactness had a new, evident leading role even in the stone surfaces bulwark fortification form.
This two mentioned factors, allied to the need for prompt construction in campaign positions led in these cases to a compulsory dispense of the masonry walls, usually a more expensive and slow handwork procedure.
The inconstant confrontation positions, characteristic of this type of war full of advances and setbacks with invariable boundary adjustments, set the origin of the systematic use of campaign settlement positions to support the constant movements of the troops, either Portuguese or Spanish. 
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4. SPATIAL IMPLEMENTATION
Fig.3 - Plan of the earthen fortress of Santiago Carrillo (Medos), Tomiño, Spain
(credits: Garrido, 1982).
4.1 Regional and local scale implantation factors
The case studies under analysis in this paper must be understood in the whole group of the fortified main cities, from the confronting villages of Caminha (Port.) – La Guardia (Spain) in the mouth of the river, to Melgaço (Port.) – Crecente (Spain), which escort the border along the upstream of the river. Although these systems were developed to support the nearest important population, they were implemented, with no exception, out of the urban perimeters. Directly related to defensive/offensive purposes in case of confrontation, previously described, they lost their purpose following the signature of the Lisbon peace treaty, in 1668 (AAVV, 2008, p.12).
Nevertheless we can include the earthen fortresses in three subsystems, roughly equidistant. They are named after the middle stream main confronting nucleus: Monção-Salvaterra, Valença-Tuy, and Vila Nova de Cerveira-Goian. All of these points represent easy passage positions to cross over the river, as well as strategic control locations to penetrate to each territory valleys.
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5. MORPHOLOGY 
Fig.4 - Photography of the earthen fortress of Santiago Carrillo (Medos), Tomiño, Spain
(credits: CICRA-ESG, 2008).
5.1 Spatial characteristic description

Along the most visible legacies of the Minho fortifications, it is clear the influence of the French School based in the important Vauban developments (Correia, 1997, p.56-58). They are reflected in the stone permanent fortification, enclosing the main settlements and erected after the war period. They were built with big crown structures, the exterior big ravelling and the wider angles between curtains and bulwarks.

5.2 General concepts approach
The earthen structure of the Restitution contend, with few exceptions, still explored the classic pure basic renascence models of the so called Italian School, developed after a simple square or pentagon redoubt. When analyzing the earthen fortresses plans, it is interesting to note that some of the case studies present the introduction of elements like crowns and bird tails (Fig.3).
When analyzing the Portuguese military structures and the historical period, it can be assumed that probably these earthen structures were constructed under the responsibility (or at least influence) of the Royal Engineer Miguel de Lescol. The information concerning the Spanish structures authorship is somehow unclear. It can be assumed that they were directly built by some of the field army captains or even through the influence of the engineers Carlos and Fernando Grunenberg.
5.3 Specific differences between the analyzed case studies

Monção-Salvaterra System:
- Fillaboa: It presents an irregular design, conformed by a disperse trench line system, defending tree elevations and articulated between them, to defend the road passage between Salvaterra and Tuy. Together with the terrain levels, it originally formed a square redoubt fortress with no longer perceptible half of the bastions within exterior lines.

- Santiago de Aytona: It is composed by a central bulwarked square and by an exterior bulwarked, large redoubt. Ii is implanted in a north high position over Salvaterra controlling the river Tea valley. It was complemented with a smaller fortress, de La Estrella (Star), on the confronting hill, with a five angle shape. Nowadays just some of the bastion masses are visible with no general unity relation. 
- San Pablo del Porto: Ii is implanted in the river waterfront, confronting the medieval tower of Lapela. It presents a square central redoubt pit, shaped as a star, with five sharp angles, from which only the embankment is preserved.
Valença-Tuy System:
- Amorím: It has a regular square polygon shape, with reduced dimension and with four bastions on the angles, surrounding the pit and the covered passage.  This nuclear redoubt is involved by a big exterior structure, composed by a triple hornaveque extended by the south, east and northwest sectors. This last defensive line is constituted by three curtains, two central bulwarks, two semi bulwarks and three ravelling.
- São Luiz Gonzaga: Located in the village of São Pedro da Torre, in Portugal. It presents a form of a regular pentagon polygon. It has five bulwarks in each angle, surrounding pit, a stone masonry reinforcing bastion and one additional covered passage, as well as a slope at the river side. Its actual condition state is much damaged.
- São Jorge da Silva: Situated at south of the previous fortress, in the location of Covas de Arraial, it has the form of a small regular square redoubt, with bulwarked angles. It is surrounded by a large exterior defensive line, stretched in the south side, in an irregular closed perimeter, with approximately 50.000m2.
- Gandra: Located at south of Valença, it has a polygon regular square plan, with four full bastions in the angles and four corresponding ravelling in front of each curtain. It is complemented with an 8 meter deep pit and a covered passage.
- Balagota: Also located in Gandra, like the previous fortresses, but slightly more to the interior territory. Its actual condition is in very poor state, only sustaining the central redoubt embankment and an exterior defensive trench line.

- Belem: located in Arão, it is located right in the waterfront line. It has a perfect plant form of a hexagonal polygon, with bulwarked angles and the corresponding surrounding pit. It present configuration is slightly fading into the natural soil.
- Guingoleta: positioned in the Verdoejo village, east of Valença, it is only recognizable by the masses of some ‘bastion’ angles and the gap of a surrounding trench line. 

Vila Nova de Cerveira-Goian System:

- Nossa Senhora da Conceição: implanted closed to the river, in the facing waterfront of Vila Nova de Cerveira, it presents an irregular shape. It resembles a distort pentagon, with five bulwarked angles. From its semi bulwark crown, there is a pit and covered passage to protect the western entrance; a great portion of the fortress has disappeared. 
- Santiago Carrillo: Located in Estas, in the field of Medos, near Goian, this structure was built taking advantage from a 56m high slope. It has an irregular form also related to the pentagon configuration, presenting two bulwarks, facing south and west, in front of which they erect a crown (double hornaveque) with a pit and a covered passage.
6. CONSTRUCTION SYSTEM  
6.1 The form

The magnitude of some of these structures implicates great terrain movements. The process of extracting soil, to build the pit from one side, and move it to another location, followed by the compaction of a large volume of earth, is an admirable effort, concerning the time period. Additionally, it is impressive the precise definition of large scale forms of these earth defensive walls, accentuated by the level of their inclination.
6.2 Constructive material

The consistence of the soil is clearly of great importance and its mechanics explains the success of its solid consolidation. All of the fortresses are located in alluvial-fluvial terraces, rich in deposits of sediments and composed of a mixture of round pebbles (“godo”) clay and silt.
6.3 Constructive method

As well as the piled up earth system provided by the soldier’s hand-work, it is supposed that these terrain movements were sustained in a first phase by wood cuttings, as a rudimental form board system (AAVV, 2008, p.195-199). Then the soil was subject to a compressing process, probably passing repeatedly with work animals and heavy wheels carts. Then, through successive layers, these types of military wall structures were erected.
The surface thick layer, reaching approximately one meter deep, presume the use of short water sprinkler cycles as an enduring technique throughout the building process. The porosity of the mixture, and the variation of the pebble dimension, allows a slow drainage to the soil, progressively aggregating and consolidating the earth masses.
7. CONCLUSION
7.1 Fragile preserving conditions
The lack of information by local community and the difficulty of distinguishing earthen fortresses from natural topography, caused by its base material properties and the surface appropriation by wild vegetation, is a serious problem for the fortresses preservation. The lack of specific protecting preservation legislation addressing these earthen fortresses, as the one attributed to stone castles, but also the division of the soil by a great number of private owners, is furthermore, a negative impact factor to consider.

The most urgent and recent threaten to avoid, is the expansion of agriculture fields throughout the fortresses limits (for instances, kiwi plantations). The lack of authority control, the distance to the closest population and the farmers ignorance or indifference usually conform this rural threat.
7.2 The importance of the local community awareness
Therefore, it is imperative to signalize these fortresses in the territory, to provide them a convenient access circuit and to protect and enhance their original characteristics and historic relevance, at local, national and international level. Furthermore, if local community would be aware of the earthen fortresses existence, the attempts to give value to their authenticity and unity significance as military architectural heritage sites would certainly be more effective. For the moment, municipalities from the north Minho region, in Portugal, and from Galicia region, in Spain, should be held responsible for the abandonment that this earthen heritage is voted. A way to address the threat of general neglect is at least, to provide information for local population and for stakeholders’ awareness. This would be a chance for kiwi plantations or road works not to destroy these historical earthen structures that are at serious risk of disappearing. 

7.3 The importance of research projects
The complex survey and classification of most of the stone fortifications and earthen fortresses during the CADIVAFOR research project, intensively developed at CICRA-ESGallaecia will certainly contribute to establish some legal protection for this type of military heritage.

Other important efforts integrated in Cooperating Projects between the two countries, are being addressed to stimulate preservation programs. The Joint Director Plan of the Fortifications located in the Minho River International border was also developed at CICRA-ESG, between 2007 and 2008. The project for a joint director plan requested by the Associação dos Municipios do Vale do Minho (Portugal) and the Junta Autónoma da Galiza (Spain) will certainly contribute for the same awareness purpose, if the information is disseminated.
The unknown existence of some of the earthen heritage, the lack of measures of protection for the safeguard of this specific vulnerable architecture and the use of inadequate criteria for conservation when interventions are applied, are a strong setback for the protection and preservation of earthen military architecture. A more consistent, systematic and strategic approach has to be rapidly addressed in order to still save this vanishing cultural heritage, before it is too late.  
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Notes
(1) CADIVAFOR - Cataloging, Digitalization and Valorization of the Defensive Fortresses of the frontier Galiza-North Portugal is a morphologic and historic inventory that intends to promote and disseminate the military architecture legacy, signalizing its international importance and creating an information data base for future conservation interventions. For more information visit the site: www.cieform.org
(2) This paper was fully published at: Achenza, M., Correia, M., Guillaud, H. (eds.) (2009) MEDITERRA 2009: 1st Mediterranean Conference on Earth Architecture. Monfalcone (Gorizia, Italia): Edicom Edizioni.
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