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 In mid-19th century more than 4,000 lighthouses were erected in the world, using technology 

specifically developed for this. In Spain, lighthouses were built as a result of four National 

Plans designed by the Lighthouse Commission. The lighthouse of Santa Clara Island, located 

in Donostia-San Sebastian (Spain), was built in 1864 during the first of these plans. As other 

lighthouses, this building has two parts: the tower, where the technology is placed, and an 

adjacent building, with the house, stores and offices for the lighthouse keeper. Nowadays the 

emptying of the lighthouse has started according to a project with tourist purposes. The article 

aims to draw attention to the current situation of this lighthouse, which will lose a large number 

of its historical elements. In order to achieve this objective, the current state of the lighthouse 

has been documented and analysed, before a large part of its architectural, structural and 

technological heritage elements are destroyed. An exhaustive documentary and constructive 

study of the building has been carried out, determining three main periods of construction: the 

original lighthouse, which was erected in 1864; the refurbishment of the late 19th or early 20th 

century, when a new floor was built; and the minor works carried out during the 20th century. 

It has also been possible to identify the original construction system and architectural elements 

of the building. From a constructive-architectural viewpoint, the lighthouse of Santa Clara 

Island is quite similar to other Spanish lighthouses, such as the lighthouses of Suances, San 

Vicente de la Barquera, Luarca, Avilés or Tazones, which can be classified within the same 

typological group. It is expected that the results will contribute to highlight the heritage value 

of the architectural, structural and technological elements of the historical lighthouses, in order 

to be considered in future protection strategies. 
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1. INTRODUCTION 

 

Lighthouses are a combination of architecture and 

technology, forming genuine “signalling factories” [1, 2]. 

Originally, these buildings had multiple functions: they 

indicated orographic milestones on the coast, they guided 

navigation, they emitted acoustic signals in foggy weather, 

they were able to guide air traffic during the first half of the 

20th century or they even acted as defensive watchtowers. 

Lighthouses usually had two parts: the tower, where the 

technology was placed, and an adjacent building, with the 

house, stores and offices for the lighthouse keeper.  

The optics (mainly Fresnel lenses) and their rotation 

mechanisms could reach up from 2,000 kg in weight in small 

lighthouses to 15,000 kg in the tallest lighthouses. These 

elements were placed on the cusp of a tower several metres 

high and located in practically inaccessible places, forming 

genuine construction feats. The optics rotation or obscuration 

screen mechanism was generated by a weight that fell by force 

of gravity through the tower. The light generated by the lamp 

was guided by means of some metal plates that worked by 

reflection (catoptric optics) or by means of Fresnel lenses 

(dioptric optics), working by refraction or by means of a 

combination of both technologies (catadioptric optics). The 

aim was to generate a beam of light at regular time intervals 

that unmistakably identifies each lighthouse along the coast 

[3]. 

In the adjacent living quarters, the distribution of spaces and 

their organisation responded to a necessary plan. The 

lighthouse keeper had to write every day in the Order Log, the 

Communications Log and the Service Log, mentioning any 

contingencies observed and even a brief weather report. These 

professionals had to permanently live in the lighthouse 

accompanied by their families, creating a peculiar building 

organisation. Operating the lighthouse required a small office, 

some small workshops to carry out maintenance and repairs, 

and stores for fuel and spare parts. They also used to have a 

cistern, a orchard and premises to stable subsistence animals. 

In mid-19th century more than 4,000 lighthouses were 

constructed worldwide, using the technology specifically 

developed for this [4-10]. In Spain, lighthouses were erected 

as a result of four National Plans designed by the Lighthouse 

Commission in 1842, 1902, 1967 and 1989/1995. In the first 

plan, approximately 100 out of the 190 lighthouses in 

operation today were built [11].  

Nowadays, due to current technological advances, 
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lighthouses have lost part of the functions assigned to them. 

For this reason, a large number of projects are being developed 

today to include tourist uses in the lighthouses. However, it 

has been detected that most of these projects eliminate a wide 

range of tangible and intangible valuable elements, causing the 

distortion of their value as Industrial Heritage [12]. For this 

reason, in 2017, it was developed the Catalogue of Spanish 

lighthouses with Heritage Value, for the Institute of Cultural 

Heritage of Spain [13]. In total, 130 lighthouses were 

catalogued, which were classified in different typologies [14], 

according to their volumetry, technology and spatial 

distribution (Figure 1). 

As an example of the Spanish lighthouses, the 

characteristics of the lighthouse of Santa Clara Island were 

analysed (Figure 2), which has undergone several 

transformations since its original construction. This building 

is located on an island, at the entrance to La Concha Bay in 

San Sebastian, in the north of the Basque Country. It indicates 

the position of the only navigable entrance to the port of San 

Sebastian. In comparison with other lighthouses (e.g., 

Chipiona, Cape Palos, Tower of Hercules and Maspalomas), it 

is small in size. The building has two parts: a small tower, 

which contains the lamp and the optics, and a two-floor 

adjacent house, with a flat roof. Both structures were built in a 

neoregionalist style, with large decorative cornices and half 

point arch doors and windows. 

 

 
 

Figure 1. Catalogue of Spanish lighthouses with Heritage Value 
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As with other lighthouses, these days there is a project to 

refurbish the lighthouse for tourist purposes. The project is 

promoted by the City Council of San Sebastian, which aims to 

empty the building to place a sculpture inside. In this sense, 

the article also aims to draw attention to the situation of this 

lighthouse, which will lose a large number of its historical 

elements. For this purpose, an exhaustive documentary and 

constructive study of the building has been carried out, 

determining the different historical phases and the original 

construction system and architectural elements. 

 

 
(a) General view of the bay 

 
         (b)  Santa Clara Island                  (c) The lighthouse      

 

Figure 2. Different views of La Concha bay, the island in the 

middle and the lighthouse of Santa Clara Island 

 

 

2. METHODOLOGY 
 

Different international regulations and guidelines were used 

to establish the heritage value of this lighthouse; such as the 

National Plan for Industrial Heritage [15, 16]; 

Recommendation of the Council of Europe R87 24 [17] and 

R90 20 [18]; the Nizhny Tagil Charter for Industrial Heritage 

[19]; Principles of Dublin drafted jointly by ICOMOS-

UNESCO [20]; and Resolution 1924 of the Council of Europe 

entitled Industrial Heritage in Europe [21]. 

In order to determine its original elements, the lighthouse of 

Santa Clara Island was analysed through three complementary 

sections: the field work, the documentary research and the 

analysis of the historical-constructive evolution.  

In the historical-documentary analysis, most of the 

documents were obtained from the Historical Archive of Ports 

of the State. Other archives were also consulted, such as the 

Archive of the Port Authority of Pasajes, the Municipal 

Archive of San Sebastian, the Historical Provincial Archive of 

Gipuzkoa and the National Historical Archive of Spain. 

Historical photographs and engravings were obtained in the 

following digital repositories: Basque Digital Library, 

Donostia-San Sebastián Postcard Collection of GureGipuzkoa 

repository, IPCE Photo Library, Digital Periodical Library and 

EMD repository. 

In the historical-constructive analysis, a detailed study of 

the walls was performed indicating different materials, 

building periods and alterations. The study of the drawings of 

the original project (Figures 3-4) was essential, which were 

compared with the current state of the building. 

Through these studies, it was possible to determine the 

original construction system and the architectural, structural 

and technological elements of the lighthouse of Santa Clara 

Island. Finally, the characteristics of the original building were 

compared with those of other lighthouses located on the 

Cantabrian coast. 

 

 
 

Figure 3. Elevation of the façades in the original project 

 

 
 

Figure 4. Longitudinal section and ground in the original 

project 

 

 

3. RESULTS AND DISCUSSION 
 

Three main periods have been detected: the original 

lighthouse, which was erected in 1864; the refurbishment of 

the late 19th or early 20th century, when a new floor was built; 

and the minor works carried out during the 20th century. 

 

3.1 Phase 1: The original lighthouse 

 

The lighthouse of Santa Clara Island was erected as a result 

of the first National Plan promoted by the Lighthouse 

Commission. According to historical documentation, the first 

stage of the project began in 1860, when the study of the site 

was requested [22]. The lighthouse was finally built in 1864, 

at the highest point of the island, next to the remains of the 

ancient hermitage of Santa Clara. The project was carried out 

by the engineer Manuel Estibaus, who also designed the 

lighthouse of Getaria, which was raised in 1863.  

Several reports of this period detailed some characteristics 

of the original construction and the technology used. 

According to drawings made in 1867 [23], the original 

lighthouse was composed of two parts: the lighting tower and 

an adjacent building. The tower, which still stands, was 

erected on circular plan, semi-embedded on the centre of 

north-facing façade (Figure 3). It has a height of 8.50 m above 

the ground level and 53 m above the mean sea level. The 

adjacent building was planned on one single floor, 4.25 m high, 

with a hipped roof and rectangular ground plan of 10.70 x 8.70 

m2. 

According to the documents [24-26], the ashlars of the 

tower were made of compact blue limestone from the nearby 

quarries of Astigarribia (Mutriku). The area of the lamp and 

the dome were painted white and the uprights were painted 
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green. From the lighting viewpoint, a sixth order catadioptric 

optic and a Maris lamp (H. Lépaute firm) was installed, which 

emitted a fixed white light. 

The spatial distribution and location of the lighthouse 

corresponded to Typology B-2 according to the classification 

defined in the Catalogue of Spanish lighthouses with Heritage 

Value (Figure 1). Lighthouses of Typology B-2 had a corridor 

in the central part, which served as a communication axis. The 

living and working rooms of the lighthouse keeper were 

located on the sides of the corridor, while the access to the 

tower was at the end of the corridor. The spatial distribution of 

the lighthouse of Santa Clara Island was extremely simple. It 

was organised into four rooms, two on each side, separated by 

an entrance hall that connected the main access floor to the 

tower staircase. The two rooms to the right (Figure 4) were 

used as an office and small workshop, while the two on the left 

were used as living quarters (including kitchen and bathroom). 

 

3.2 Phase 2: The firts refurbishing 

 

According to the historical photographs (Figure 5), the 

lighthouse underwent an important refurbishing in the late 19th 

or early 20th century, when a new upper floor was built in the 

adjacent building. Although the project of these works could 

not be found, the images show a substantial alteration of the 

structure. The new floor, built on top of the walls of the 

existing plant, was covered with a flat roof, which is the one 

that remains today. During this work a new door was opened 

in the tower, to connect it with the new floor.  

The modification to include two storeys and a practicable 

flat roof simplified the work related to the exterior upkeep and 

maintenance of the tower. The new floor had three bedrooms 

and a full bathroom. A water tank was located in the flat roof, 

which was filled from the cistern using manual operating 

pumps. Outside, a new access road was also built, to improve 

the accessibility (Figure 5). 

 

 
 

Figure 5. First refurbishing: Second floor and new accesses 

road. Donostia-San Sebastián Postcard Collection of 

GureGipuzkoa repository 

 

3.3 Phase 3: The alterations of the 20th century 

 

During the first half of the 20th century the lighthouse 

underwent some minor alterations, which mainly affected the 

technology of the tower. In 1911, the Lighthouse Commission 

decided to modify the appearance of the light (Royal Order of 

23 February 1911), installing a new white light with groups of 

three obscuration’s that must be achieved with metal screens. 

The optics remained intact and immobile, coupling a rotation 

system with two outer screens, with a speed of 1 turn every 30 

seconds.  

According to the 1911 project (Figure 6), the screens were 

placed floating in a tank of mercury, connected to a cable and 

a 30-kg weight that descended by force of gravity down the 

lighthouse tower (8 m run). The great advance represented by 

the design of mercury floats in O-ring vats to facilitate the 

rotation process must be pointed out. This system was ordered 

in 1911 from the French firm Barbier, Benard and Turenne, 

increasing the reach of the light to 12 nautical miles (22.224 

km). The lamp was incandescent powered by gasoline. The 

complete replacement process ended on 25 August 1916. The 

long construction and installation period reflect the difficulty 

of taking any material to the lighthouse. Probably the onset of 

the First World War in 1914 contributed to the delay of the 

work. 

 

 
(a) Weight system of the rotation system  

 
(b) Acrylic optics 

 

Figure 6. (a) Weight system of the rotation system according 

to the 1911 project; and (b) Acrylic optics of 2008 on white-

coloured and the optics implemented in 1943, with inclined 

struts 

 

Several decades later, in 1942, the electrification of the 

lighthouse was carried out. In 1943, the optics was also 

replaced (Figure 6). This second optics worked with a lamp of 

compressed acetylene dissolved in acetone. Nowadays, this 

optics is still kept in the lighthouse as reserve of a new one, 

which was implemented in 2008. The new optics works with 

LED lamps, generating flashes with no rotation mechanism. 

During this period, the building also underwent some minor 

alterations. In 1945, the floor planks of the adjacent building 

were replaced with ceramic tiles (Figure 7) and some repairs 

were made to the path going from the wharf to the lighthouse. 

The facades of the building also underwent some 

modifications in the last decades of the 20th century, opening 

some windows and installing some sanitation facilities (Figure 

7). 
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(a) Outside view of the lighthouse 

 
(b) Inside view of the lighthouse 

 

Figure 7. Phases of the lighthouse of Santa Clara Island: (a) 

Building façades; and (b) Access to the tower from the main 

entrance hall 

 

 

4. THE ORIGINAL CONSTRUCTION SYSTEM AND 

ELEMENTS 

 

The historical-constructive study has served to identify and 

to analyse the original architectural, structural and 

technological elements of the lighthouse of Santa Clara Island. 

Following the results of this study and the graphic 

documentation of 1867, a virtual reconstruction of the original 

building has been elaborated (Figure 8). The 3D model was 

made using AutoCAD. The model was exported to SketchUp 

in order to manipulate and render it. 

The original building had very thick and deep foundation 

walls, possibly due to the steep slope of the site. The perimeter 

walls of the building were erected on top of these structures, 

using mainly limestone masonry. The use of ashlar was 

reserved for the openings and corners. As mentioned above, 

the walls of the tower were built with compact blue stone 

blocks from the quarries of Astigarribia (Mutriku).  

The original building had a very simple structural system. 

The floors of the adjacent building were made with wooden 

beams. These beams were supported by the inner setbacks of 

the walls. The building had two interior stone walls, 

perpendicular to the main façade, on which the attic beams 

rested. These two walls also had the function of supporting the 

two posts of the roof, elements on which the ridge beam and 

the four hip rafters rested. The rafters, planks and tiles of the 

hipped roof were supported on this structure. The spiral 

staircase of the tower was sustained by a long circular metal 

column. 

 
 

Figure 8. Virtual reconstruction of the original system and 

structure 

 

The ground floor has reached our days with a similar 

internal organisation to the original. The current height 

measurements of the rooms are identical to those described in 

the historical documents (3.21 m from floor to slab). The tower 

also maintains the dimensions mentioned in the documents 

(height of 8.5 m above ground level and an external diameter 

of 2.6 m). A similar morphology of voids and carpentry is even 

detected in most of the openings (timber doors and windows, 

with half point arches and geometric decorations). In addition, 

it can also be established that the lamp and dome are the 

original ones from 1864. 

From a constructive-architectural viewpoint, the lighthouse 

of Santa Clara Island is quite similar to other Spanish 

lighthouses of Typology B-2 (Figure 1). In particular, both in 

terms of its shape and its interior distribution, it is very similar 

to the lighthouses of Suances (Figure 9) and San Vicente de la 

Barquera (Figure 10), which are located in the nearby province 

of Cantabria. The lighthouse of Suances was planned on one 

single floor, with a hipped roof and a rectangular ground plan 

of 12.00 x 8.50 m2. It had a similar structure to that of the 

lighthouse of Santa Clara Island, although in this case the 

interior stone wall was built parallel to the main facade.  

 

 
 

Figure 9. Drawings of the lighthouse of Suances 

 

 

427



 

 
 

Figure 10. Drawings of the lighthouse of San Vicente de la 

Barquera 

 

The lighthouse of San Vicente de la Barquera was also 

erected with a hipped roof and a rectangular ground of 11.70 

x 8.65 m2. According to the original drawings, this building 

originally had doors and windows very similar to those of the 

lighthouse of Santa Clara Island. Unlike the two previous 

lighthouses, a square tower was erected in this building. This 

tower was raised almost completely embedded in the adjacent 

building. 

Other similar buildings, although of greater size, are the 

lighthouses of Luarca, Avilés and Tazones, all located on the 

Cantabrian coast, in the north of Spain. In contrast to the three 

previous buildings, these lighthouses had adjacent buildings 

with six or eight rooms, thus improving the living and working 

conditions of the lighthouse keepers. 

 

 

5. CONCLUSIONS 

 

This work is a contribution towards understanding the 

historical lighthouses. It is expected that the results will 

contribute to highlight the heritage value of the architectural, 

structural and technological elements of the historical 

lighthouses, in order to be considered in future protection 

strategies.  

The methodology was appropriate to determine the original 

construction system and architectonical elements of the 

lighthouse of Santa Clara Island. This building is quite similar 

to other Spanish lighthouses, such as the lighthouses of 

Suances, San Vicente de la Barquera, Luarca, Avilés or 

Tazones, which can be classified within the same typological 

group (Typology B-2). 

The lighthouse of Santa Clara Island was built with walls of 

limestone masonry. Rectangular ashlars were used only in the 

corners and in the frames of the doors and windows. The 

building also had two interior stone walls, which supported the 

horizontal structure, as well as the roof posts. Originally, the 

building was topped by a hipped roof, sustained by a ridge 

beam and four hip rafters.  

The structural elements of the tower (spiral staircase and 

stone walls), the lamp and the optics, except for the 1943 

replacement, remain unchanged in time. This quality is 

associated with the tangible value of the lighthouse as 

pertaining to the Industrial Heritage. The original dome has 

also been maintained. 

It has been possible to detect the original distribution of the 

house of the lighthouse keeper. The living quarters and the 

working place necessarily cohabited: the spatial distribution 

responded to a programme that was consciously executed. 

They formed part of another intangible symbol of the working 

culture of the construction era. The cistern, orchard and small 

pavilion for subsistence animals were necessary due to the 

confinement of the family during long periods. It was a 

combination of tangible and intangible values. 

The viewpoints of the analysis conducted can be repeated 

for any other historical lighthouse. Only by performing an 

exhaustive analysis of the values of the lighthouse based on 

the tenets of the Industrial Heritage, is it possible to guide a 

restoration project of these magnificent constructions. 
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