
 
 

 
 

 
Sustainability 2021, 13, 12964. https://doi.org/10.3390/su132312964 www.mdpi.com/journal/sustainability 

Article 

Methodology for Documentation and Sustainability of Cultural 

Heritage Landscapes: The Case of the Tajos de Alhama  

(Granada, Spain) 

María del Carmen Vílchez-Lara *, Jorge Gabriel Molinero-Sánchez and Concepción Rodríguez-Moreno 

Department of Architectural and Engineering Graphic Expression, University of Granada,  

18071 Granada, Spain; jmolinero@ugr.es (J.G.M.-S.); conrodriguezmoreno@gmail.com (C.R.-M.) 

* Correspondence: mariacarmenvl@ugr.es 

Abstract: This research aims to start the process of the revitalization of peri-urban spaces with high 

landscape and cultural potential, dotted with a series of heritage landmarks that allude to the recent 

industrial, economic and cultural history of the region, currently semi-degraded or abandoned, as 

is the case with the impressive and steep miller landscape of the Tajos de Alhama de Granada. To 

achieve this, it is proposed to carry out a comprehensive documentation (historical, cartographic, 

planimetric, photographic and photogrammetric) of the study area since, until now, there were no 

similar research studies. The application of an organized and structured method of work, documen-

tation and diagnosis using the tools and graphic techniques of the 21st century has offered extensive 

results that have been turned into a rigorous and systematic catalog. This catalog will serve as the 

basis for the promotion of integrated action plans for the recovery of this urban edge, with the triple 

objective of the rehabilitation of buildings of architectural interest, rehabilitation of the surrounding 

public space and consolidation of the historic complex that makes up the mills, the river, the land-

scape and the city. We conclude that the enhancement of the cultural heritage landscape of the Tajos 

and the guidelines provided for the rehabilitation of its historic water mills, with possible compati-

ble uses (tourist, cultural or administrative), will favor the conservation and sustainable revitaliza-

tion of such an exceptional heritage site. 

Keywords: heritage; landscape; Tajos de Alhama; Granada; graphical documentation; survey;  

photogrammetry; conservation; revitalization 

 

1. Introduction 

The Real Academia Española (RAE) defines tajo as “escarpa alta y cortada casi a 

plomo” [1], which, in English, corresponds to the word gorge, defined according to the 

Cambridge Dictionary as “a deep, narrow valley with steep sides, usually formed by a 

river or stream cutting through hard rock” [2]. In Alhama de Granada, also known as the 

city of the Tajos, we have a good example of this definition thanks to the impressive geo-

graphical accident that appears before our eyes as we reach the town. This scar in the 

landscape is crossed by the Alhama River, also called Marchán, which leaves in its path, 

on both banks, poplars, willows, farmland, etc., configuring a place with special charac-

teristics that make it unique. 

The Tajos de Alhama heritage landscape was declared a Picturesque Site in 1975 due 

to its extraordinary beauty, placing it at the same level as the cities of Ronda and Cuenca 

[3]. It is registered as Bien de Interés Cultural (highest level of patrimonial protection in 

Spain) within the Historic Site of Alhama [4], declared as a Natural Monument of Anda-

lusia [5] and included as an Outstanding Landscape in the general catalog of the Anda-

lusian Historical Heritage [6] (p. 150). 
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This imposing breach, dotted with a series of heritage landmarks, practically com-

pletely surrounds the historic–artistic center of Alhama. We are facing a territory in which 

natural and cultural aspects coexist and complement each other, while assets of a diverse 

nature are integrated: 

• Cultural heritage: the natural landscape as an indissoluble image and identifying el-

ement of Alhama; 

• Architectural heritage: water mills, aqueducts, ditches; 

• Movable heritage: machinery associated with mills; 

• Intangible and ethnological heritage: milling, which, even though it is an extinct 

trade, can be recovered at the museum level. 

Despite the recognition of the Tajos as a landscape of special relevance that must be 

conserved and protected, at present, there are hardly any defined development, conser-

vation and enhancement strategies [7], so it is immersed in a progressive state of aban-

donment and semi-degradation, especially its old water mills. 

The main purpose of this research is to initiate the path towards the recovery and 

revitalization of the Tajos peri-urban space, with high landscape and cultural potential, 

offering a detailed analysis of its elements at both a global and individual level. The 

graphic and written documentation obtained allows us to analyze the existing heritage 

and be the basis for any future restoration and sustainable recovery of this asset of cultural 

interest. 

Due to the great extension and different nature of the existing assets in the studied 

landscape, we have applied a highly structured methodological organigram. This has con-

sisted of an in-depth review of the primary historical sources and exhaustive field work 

for the registration of the heritage elements, as well as for their photographic survey and 

their photogrammetric reconstruction. 

2. Study Area 

2.1. Geographic Contextualization 

Alhama de Granada is located in the west of Granada province (Figure 1) in the area 

known as Tierras de Alhama, or the Temple, the latter named in honor of a Muslim family 

that settled in this area [8] (p. 19). This region forms a topographic step, defined by hills 

of little slope, between the depression of the Granada plain and the powerful limit of the 

Tejeda, Almijara and Alhama mountains, belonging to the Penibética mountain range, on 

the border with the province of Malaga. The main organizing axis of the settlements in 

the territory is made up of the Alhama and Cacín Rivers, which are born in the Sierra de 

Almijara [9] and flow from south to north towards the Genil River. 

 

Figure 1. Location of the area known as Tierras de Alhama, between the Spanish provinces of Gra-

nada and Malaga. 
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If the river courses determine the interior pattern of occupation, no less important 

are the natural and historical walkways between Malaga and Granada, such as the pre-

historic Zafarraya or the pre-Roman Alhama, making Alhama a key element in the terri-

torial articulation of eastern Andalusia [10] (p. 605) (Figure 2). 

 

 

Figure 2. Alhama de Granada region. Instituto Geográfico Nacional. 

2.2. The Miller Landscape 

The natural and cultural landscape values of the Tajos are inseparable both from the 

settlement of the city of Alhama and from the series of constructions scattered along the 

Marchán River and the irrigation canals, which led the water to the hydraulic mills located 

at the bottom of the escarpment valley. The presence of water allowed not only the ap-

pearance of water mills linked to the trade of cereal milling but also the irrigation of ex-

isting crops in the river valley. Thanks to the documentary source from the 18th century, 

the Catastro del Marqués de la Ensenada [11], we know of the former existence of eleven 
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hydraulic mills next to the Marchán River, reduced to seven according to the Diccionario 

de Pascual Madoz [12], in the middle of the 19th century. 

In this research project, we focus on the five mills that are located on the side of the 

Tajo as it passes through the town of Alhama, all fed by the general canal or Caz del Mo-

lino. From south to north, these mills correspond to the flour factories of San Francisco, 

San Pedro, la Purísima, Santa Teresa y Nuestra Señora del Carmen (Figure 3). They are 

constructions from the late nineteenth or early twentieth centuries, with almost all cer-

tainty built on other pre-existing ones, which hardly differ from rural architecture. There 

was an essential determining factor in their location, always next to a river course, and 

exterior features that identify them, such as the vaults under which the water runs [13]. 

The reason for placing the mill next to a river stream was to take advantage of the 

force of the water to move the hydraulic device, which would convert the cereal grains 

into flour. In the Renaissance, Juanelo Turriano graphically and textually described the 

operation of a water mill with a horizontal wheel [14], which will be the one used in the 

mills of Alhama (Figure 4). 

 

Figure 3. Location of the five mills next to the Alhama River, in the Tajos. Base plan of the Instituto 

Geográfico Nacional. 

 

Figure 4. Operation of a horizontal wheel mill, circa 1564 (Juanelo Turriano) [14]. 
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The mill was generally divided into two parts, one for the home of the miller and his 

family and the other for the manufacture of flour. The structure was constituted by very 

thick load bearing walls and pillars, which supported the wooden round timbers of the 

floor and the roof trusses. The operation of this type of mill was based, following the 

grinding process, on depositing the grain in the hopper, which descended through a chute 

towards the eye of the millstone, where two grinding wheels, one fixed and the other 

mobile, turned it into flour [15]. 

In the 19th century, the mills were replaced by factories, these being different from 

the mills, which provided the service of grinding wheat to the peasants in exchange for 

an economic benefit or in kind, while the raw material (wheat, rye, etc.) in the factories 

was stored with different machines, the cereal grains were processed and, finally, a pack-

aged product (flour) was sold [16] (p. 4). The manufacturing activity of Alhama ended 

with the closure of the factories of the Tajos during the 1970s and only one of them is 

currently conserved in a good state, both the building and of the machinery that follows 

harboring. This is the Fábrica de Harinas la Purísima, converted into a museum thanks to 

the determined and continuous effort of its owners, the Castro family. [17]. The other four 

mills are currently abandoned and in a progressive process of ruin, silent witnesses of 

what was and has died, extremely fragile and in need of actions based on sustainable cri-

teria aimed at their recovery and proper management. As stated by Papapietro, the com-

mitment to the sustainability of the interventions in the cultural landscapes of the indus-

trial heritage must be understood as the balance of three basic aspects: environmental, 

social and economic [18]. 

3. Materials and Methods 

We are facing a field of research of great extension and complexity, where heritage 

assets of different nature and chronology coexist and are related. For this reason, the meth-

odology followed has required a precise organigram for the organization of the research 

work and structuring of the actions carried out: 

1. Compilation and analysis of primary historical and bibliographic sources, in relation 

to the population of Alhama and its territory, with special attention to the Tajos. The 

written references offer us relevant data and descriptions about the history, geo-

graphical location, topographic implantation, heritage, economy and, above all, the 

power of fascination that the natural and landscape environment of the Tajos has had 

on the travelers who, throughout the centuries, have visited the city. At a graphic 

level, the cartographies, planimetries, lithographs and historical photographs allow 

us to understand and support the analysis of written documents. 

2. Fieldwork consisting of walking tours along the historical and contemporary trails 

that run through the Tajos de Alhama and the formerly flooded area of the Marchán 

River for their recognition, as well as to register ditches, mills, aqueducts, bridges 

and other patrimonial elements that survive peppered in this natural setting (Figure 

5). 

3. Specific field work for the photographic and planimetric survey of the mills and their 

surroundings. The photographic documentation has been essential to record the state 

of conservation of each mill and the possible recovery and conservation actions from 

sustainability, analyzing in each case the current regulations (Figure 6). 

4. Laboratory work for the photogrammetric reconstruction of the Fábrica de Harinas 

la Purísima integrated into its surroundings, as an example to follow of heritage re-

covery and enhancement, currently used as an interpretation center and museum. 
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Figure 5. Photographs of the registration of the elements in the walking tours: (a) access path to the Fábrica de Harinas la 

Purísima (J.G.M.-S.); (b) Fábrica de Harinas Nuestra Señora del Carmen from the Alhama River (J.G.M.-S.); (c) facade of 

the Fábrica de Harinas la Purísima towards the Alhama River (M.d.C.V.-L.). 

The material used for the photographic record of the walking tours and exteriors and 

interiors of the mills has been a Nikon D90 camera and AF-S DX Zoom-Nikkor 10–24 mm 

f/3.5–4.5G ED lens. It is a digital SLR camera with 12.9 megapixel (23.6 × 15.8 mm2) CMOS 

image sensor and integrated dust reduction system. The lens is an ultrawide-angle that 

has a 10–24 mm focal length and maximum aperture F3.5. The wide 10 mm end allows a 

109° angle of view to be covered, almost a fisheye, providing spectacular perspectives 

with minimal distortion. This lens is ideal for capturing photographs of natural land-

scapes, architecture and interiors, capable of focusing as low as 24 mm. In photographs 

where it has been necessary to slow the shutter speed, the camera has been placed on the 

Benro IT 15 tripod and a Nikon wireless shutter has been used to prevent any slight cam-

era shake. 

The aerial images of the surrounding of the mills have been taken with the ultralight 

DJI Mini 2 Drone, takeoff weight being less than 249 g; it incorporates a camera with a 

1/2.3″ 12 Megapixel CMOS image sensor. The camera has an 83° FOV, 24 mm equivalent, 

fixed-aperture F2.8 lens and an ISO range of 100–3200. It fits into a small but very effective 

3-axil gimbal (tilt, roll, pan), with a tilt controllable range −90° to +20°. The remote control-

ler has a signal transmission range of 3 km in urban landscape with strong interference 

and 6 km in suburban landscape, with some competing signal, as is the case of the Tajos. 

It allows the control of the aircraft, the tilting of the gimbal, the taking of photographs and 

modes and exposure time [19,20]. 
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Figure 6. Photographs of the field work for the photographic and photogrammetric record: (a) photographic equipment 

and pole (J.G.M.-S., M.d.C.V.-L. and C.R.-M.); (b) image taken with DJI Mini 2 Drone (M.d.C.V.-L.); (c) Nikon D90 camera 

and tripod inside the Fábrica de Harinas la Purísima (J.G.M.-S.). 

The instruments used in the photogrammetric survey of the Tajos area, which in-

cludes the interpretation center of the mill and house of the Fábrica de Harinas la Purísima 

and the 16th century aqueduct, have been a Sony Alpha 5000 camera and an extensible 

pole up to 10 m. 

Sony Alpha 5000 camera stands out for its low weight compared to its high quality. 

It has a 20.1 Megapixel APS-C (23.2 × 15.4 mm) image sensor. The retractable lens with 

electronic zoom has a 16–50 mm focal length and maximum aperture F3.5. Wireless shar-

ing with Wi-Fi connectivity lets the camera be used with the mobile as remote-control 

thanks to Imagine Edge Mobile App when the camera is hung on a pole. 

The pole on which the camera was placed to obtain the photos in height is Photomast 

MK 2 10 m, with a light and strong high density carbon fiber inner core, a stable mast and 

a flexible lightweight rubber base, which facilitated its positioning in the different points 

of uneven terrain (Figure 7 and Table 1). 
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Figure 7. Photographic equipment: (a) Sony Alpha 5000 camera; (b) Nikon D90 camera lens: AF-S DX Zoom-Nikkor 10–

24 mm f/3.5–4.5G ED; (c) DJI Mini 2 Drone. 

Table 1. Features of the cameras used in this research. 

Type of Camera Sensor Focal Length F-Value 

Sony Alpha 5000 
APS-C (23.2 × 15.4 mm) 16–50 mm f/3.5 

20.1 MP   

Nikon D90 
AF-S DX (23.6 × 15.8 mm) 10–24 mm f/3.5 

12.9 MP   

DJI Mini 2 Drone 
1/2.3”   

12 MP   

The software used for the cartographic survey of the territorial landscape of water of 

the Tajos de Alhama and the mills have been: AutoCAD 2020 for 3D modeling, 3DStudio 

2022 for the realization of the renders and Adobe Photoshop CS5 for the composition of 

the views (plan and sections). 

We used the software Agisoft PhotoScan to obtain the 3D model and the orthorecti-

fied plan as a result of the photogrammetric process [21]. 

4. Results 

This section has been divided by four subheadings as a direct result of the method-

ology carried out. 

4.1. The historical landscape of Alhama and Its Tajos 

Deep knowledge of the history of a heritage asset (landscape, architectural, ethnolog-

ical, etc.) is an unavoidable step prior to its rehabilitation. As a result of the compilation 

and analysis of the historical sources, we can conclude that the oldest human footprint 

found in Alhama is from the Neolithic age and is represented by three caves (Figure 8), 

two of them located on the Cerro de la Mesa del Baño, next to the Alhama River and the 

Arab baths, and the other in the Tajos next to the urban nucleus (Figure 9). 
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Figure 8. Location of the three Neolithic caves of Alhama de Granada: 1. Cueva de la Mujer; 2. 

Cueva del Agua; 3. Cueva de los Molinos. Base plan of the Instituto Geográfico Nacional. 

 
(a) (b) 

Figure 9. (a) Photograph from the end of the 19th century where the promontory of the Cueva de los Molinos was still 

(www.fcalapurisima.com, accessed on 15 April 2021); (b) photograph taken on 9 July 2021 (M.d.C.V.-L.). 

The caves called la Mujer and el Agua were discovered by Macpherson in 1869, who 

believed that it was a single cave with two entrances [22]. Years later, the caves were ex-
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cavated by Manuel Gómez-Moreno González, between 1872 and 1875, and by his son Ma-

nuel Gómez-Moreno Martínez, in 1894 [23]. The archaeological work continued in 1957 

and 1958, directed by professors Pellicer and García Sánchez [24], thanks to which valua-

ble ceramic materials and human remains were extracted [25]. The third cave, called Los 

Molinos, is located on a slope of the Tajos de Alhama that leads from the town to the 

riverbed. It is behind the former Fábrica de Harinas San Francisco, within the area called 

El Cañón. The first material discoveries of this cave were discovered in 1968 by chance, 

during works to flatten the access road to the town [26]. Unfortunately, this slope had 

been used as a quarry until, in 1974, one of the holes placed in the upper part exploded 

and a crack was discovered in which human remains and a piece of furniture were found. 

At the same time, the cave was almost completely destroyed. 

The testimonies of Plinio the Elder and Claudio Ptolemy make us direct the origin of 

Alhama to the ancient city called Artigi Iuliensis, according to Plinio, and Artigis, accord-

ing to Ptolemy [27,28], inhabited by the Turduli. 

Alhama reached all its splendor in the Nasrid period, in which it changed its name 

from Artigis to Alhama and was presented as a strategic city, strongly walled, which was 

also helped by the high vertical walls of the natural accident of the Tajos, which protected 

it against possible invaders. At the western end of the medina, its strong castle was located 

on top of a hill, thus described by the traveler Jerónimo Münzer in his journey of 1494 [29] 

(p. 113). The walls had two main gates, Granada and Málaga, as well as two secondary 

gates and several wickets [8] (p. 46). 

The taking of Alhama by Christian troops on 28 February 1482 under the command 

of a group of Castilian and Andalusian nobles has been widely narrated and praised by 

literature [30–34]. We even find it carved in relief in the choir of the Cathedral of Toledo, 

the work of the sculptor Rodrigo Alemán at the end of the 15th century [35]. The truth is 

that it had a great repercussion, marking the beginning of the end of the Muslims in the 

Iberian Peninsula, for ten years later Granada would fall at the hands of the Catholic Mon-

archs on 2 January 1492. 

The views of Alhama drawn by Joris Hoefnagel in 1564 and Anton van der 

Wyngaerde in 1567 offer us a graphic imprint of the city and its surroundings of incalcu-

lable value. The one at Hoefnagel, included in the Civitates Orbis Terrarum [36,37], places 

the thermal baths in the foreground. In the central part of the image, he draws the city of 

Alhama in which the church of the Encarnación takes on a special role, dominating the 

rest of the hamlet surrounded by Muslim walls, thicker in the western part. At the land-

scape level, he shows the rolling hills that characterize the landscape of the region and as 

a backdrop to the Sierras de Tejada, Almijara and Alhama. However, due to the chosen 

point of view, the steepest cutting Tajos located to the east have been hidden by the ham-

let, showing only their northern and western parts (Figure 10). This is not the case in 

Wyngaerde’s view [38–40], in which we are fortunate enough to glimpse the east Tajos 

and compare them with the current state, verifying the detachment of some rocks after 

the 1884 earthquake. Within the city, Wyngaerde also highlights the unmistakable urban 

landmark of the Church of the Encarnación, in addition to the Moorish Castle, along with 

an aqueduct. On the right, in the foreground, we can see the missing guard tower and, at 

its feet, the baths (Figure 11). 
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Figure 10. Alhama (Joris Hoefnagel, 1564). 

 

Figure 11. Alhama (Wyngaerde, 1567). 

The maps of the first third of the seventeenth century, by Hondius [41] and Texeira 

[42], place Alhama among the most important towns of the time, belonging to the King-

dom of Granada (Figure 12). 
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Figure 12. Alhama situada en el mapa Andaluziae nova descript. (I. Hondius), 1623 [41]. 

In 1787, the geologist and doctor Townsend arrived in Alhama, whose book A jour-

ney through Spain is the first that describes in detail the natural area of the Tajos and its 

relationship with the city: “Alhama is remarkable for situation, being almost surrounded by a 

precipice, from which you look down upon a river, at least two hundred feet below you. In this it is 

beautiful to see and hear numerous cascades, assuming various forms, all foaming among the rocks; 

and when they have spent their fury, gliding almost imperceptibly along in one continued stream. 

Thus situated, the city is accessible only from the west, where a castle, formerly reputed strong, but 

now going to decay, commands the entrance” [43] (p. 49). He also describes the agrarian land-

scape, with its wheat fields, and is interested in farming practices. 

At the end of the 18th century, Antonio Ponz visited Alhama, whose region he af-

firms is abundant in grain harvest and highlights the aqueduct that carries water to the 

city. About its location and the Tajos, he writes: “Its situation is very high with respect to the 

river that they call Marchán, or Alhama, which is born about a league from the city, running 

through its eastern and northern part a very high almost perpendicular gorge, whose elevation is 

partly more than two hundred varas. It is frightening to look at it from the city, and on the other 

hand it is an object of amusement thanks the orchards, groves, mills, etc. that are discovered in that 

depth.” (Translated by the authors, original text from [44] (p. 263)). 

The North American Robert Semple arrived in Alhama in the spring of 1809 and was 

impressed by its location, the Tajos and the water mills: “Even by the light of the stars it was 

easy to discern the romantic situation of this town as we wound up the hill, and the ensuing morn-

ing enabled me to survey it more particularly. It is seated chiefly on a rocky height elevated more 

than three hundred feet above the level of a small stream which flows in the valley beneath, and is 

here called the Tajo, […]. The view from that part of the town overhanging the stream is particu-

larly beautiful. The rock is here nearly perpendicular, and we see beneath our feet a charming valley 

bordered on each side by steep and romantic cliffs, the summits and hollows of which are covered 

with trees. At the bottom are several mills turned around by the rushing stream.” [45] (p. 214). 

Three of the English travelers who were in Alhama in the first third of the 19th cen-

tury were William Jacob, Charles Scott and Richard Ford. Jacob arrived in January 1810 

[46] and, after describing the abundant wheat fields, he noticed the location of the city 
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surrounded on three sides by a river, which runs at great speed through the fissure of the 

impressive Tajos and successively moves eight mills to grind grain. Jacob also visited the 

main church and the castle, which he found in ruins. Scott visited Alhama in 1822, and 

the most remarkable part of the city was found at the bottom of the fissure, where there 

“are numerous picturesque water-mills; and, viewed from thence, Alhama furnishes an excellent 

subject for the painter” [47] (p. 224). In the early 1930s, Ford came to city, describing it as 

wild and picturesque and comparing it to Ronda, “perched on the edge of an awful rent in the 

hills round which the river Marchan sweeps. […] The view of the Tajo from the convent de San 

Diego, is striking. Below tears the foaming Marchan, winding though ravines and rocky pinnacles. 

The whole scene is made for the painter; on the ledges of the beetling cliffs are picturesque houses, 

with trellised vines and hanging gardens, while below boil water-mills and cascades.” [48] (pp. 

357,358). 

The French traveler Théophile Gautier left us a memorable description on his visit to 

Alhama in 1840, when he poetically compared it to an eagle’s nest perched on top of a 

steep rock and affirms that nothing was as picturesque as the sharp angles of the path that 

led to this hawk zone, bending into the cracks in the ground [49] (p. 287). 

We have located two lithographs from this period, one of them drawn by Nicolas 

Chapuy in 1844, from the medieval road that led to Alhama from Malaga in the middle of 

the Marchán River valley that runs between the Tajos (Figure 13). The other lithograph, 

dated circa 1840, is attributed to Gautier. It offers us a spectacular view from one of the 

natural viewpoints of the city, on the edge of one of the vertical walls of the Tajos. Down 

at the bottom of the valley to the right of the river, we discover the mill of Nuestra Señora 

del Carmen, which was accessed through a bridge where we see some villagers walking. 

In the viewpoint, there are several characters dressed in period clothes, including hats 

(Figure 14). 

In 1851, it was a woman writer and traveler, Lady Louisa Tenison, who offers us a 

description of this landscape: “The rocks, which form the sides of the gorge, rise almost perpen-

dicularly from the bed of the river gliding at their feet; while above their beetling crest appears an 

uneven line of houses, built on the very verge of the precipice” [50] (p. 37). 

 

Figure 13. Lithograph of Alhama, 1844 (N. Chapuy). 
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Figure 14. Lithograph of Alhama, circa 1840 (attributed to Gautier). 

Years later, the consequences of the great earthquake that occurred on Christmas Day 

1884 in Alhama were devastating [51–54], causing the collapse of numerous houses, seri-

ous damage to the historical heritage, the detachment of the houses on the edges of the 

Tajos and the breaking of the irrigation canals, producing the paralysis of all the mills 

(Figure 15). The human losses were very high in Alhama and its region; more than 1200 

people lost their lives [55]. As a result of the earthquakes, three new neighborhoods were 

built in the city: Imparcial, Buenos Aires and La Joya [56] (p. 53). 

 

Figure 15. Photograph taken after the 1884 earthquake of a sunken house on the edge of the Tajos 

[54]. 

At present, traces of this tremendous earthquake still survive in the Tajos, apprecia-

ble in the detachment of large rock cliffs. 
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4.2. The Landscape of Water 

As a result of our walking tours through the Tajos de Alhama and the formerly 

flooded area of the Marchán River, we have registered the most relevant geographical and 

heritage elements related to this cultural landscape of water: ditches, irrigation canals, 

mills, reservoirs, etc. (Figure 16). 

 

Figure 16. Landscape of water of the territorial area of the Tajos de Alhama: plan and sections along the Marchán River 

(C.R.-M.). 

Our journey through this landscape linked to water begins at the Pantaneta reservoir. 

It is a relatively recent artificial intervention, from the middle of the last century, carried 

out for the accumulation and regulation of the water of the Marchán River that flows nat-

urally until it reaches it. Although of artificial origin, little by little, it has been surprisingly 

integrated into nature, becoming an authentic wetland of great ecological, economic, cul-

tural and social value, being included in the Inventario de Humedales of Andalusia in 

2010 [57]. 

Since 1970, the Marchán Riverbed has been seriously affected after the completion of 

the canal works that the Confederación Hidrográfica del Guadalquivir decided to under-

take for the transfer of water from the Pantaneta to the Bermejales Reservoir. This resulted 

in a notable decrease in downstream waters, which accelerated the closure of the water 

mills and produced a notable decrease in the quantity and quality of the water that flowed 

through the Tajos as it passed through Alhama, generating great controversy [58,59]. 

The ditches or irrigation canals are also part of this landscape, highlighting the main 

ditch called Caz del Molino. It is an artificial construction that diverted part of the water 

of the Marchán River to irrigate the crops and move the mechanical devices of the mills. 

This canal has its connection to the Presa de los Ángeles at the height of the hermitage of 

the same name. It took advantage of the existing unevenness to gain strength and lead, 

almost parallel to the Marchán River, the water that served in the past to move the five 

mills located in the Tajos until it emptied, after the last mill, into the river. Throughout its 

route, the canal has a variable section, channelized by large stones or naturally taking 

advantage of the rocky formation of the terrain. At present, this ditch only continues to 

transport water to irrigate some orchards in the fragment between its derivation in the 

Presa de los Ángeles and just before reaching the mill of the Fábrica de Harinas San Fran-

cisco. 
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The fragment of the ditch that fed the five mills was left in disuse after the closure of 

the factories, although, fortunately, there are still vestiges, such as aqueducts, water gates 

and sluice, to regulate the passage of water and overflows of the excess water to the 

Marchán River, such as the existing one in the Fábrica de Harinas la Purísima. 

In this landscape of water, linked to the external image of the city, we find unique 

values and landscape resources, collected in the Catálogo de Paisajes de la provincia de 

Granada [60]: 

- Scenic, aesthetic and sensorial values: abundance of viewpoints that allow the con-

templation of the diversity of colors and textures that seasonal changes provide in 

crops, poplar groves, bushes, etc. (Figure 17). 

- Natural and ecological values: the deep squeezing way of the Marchán River runs 

through natural gorges, in which a rich ecosystem of vegetation and fauna has been 

created (Figure 18). 

- Historical and heritage values: the settlement of Alhama on a promontory protected 

by the cliffs, formerly surrounded by walls and with a Muslim castle. 

- Symbolic and identity values: Alhama was a key point in the Christian conquest and 

was an obligatory step on the historic road between Granada and Malaga. 

 

Figure 17. Medieval road between the Tajos, access to Alhama from Malaga (J. G.M.-S.). 

 

Figure 18. Way down to the Tajos, near the Nuestra Señora del Carmen mill (M.d.C.V.-L.). 

4.3. Mills Catalog 

This catalog has been prepared to serve as an instrument of knowledge and recovery 

of the industrial and ethnological heritage represented by the five water mills located in 

the Tajos of Alhama River. It is a catalog designed for the sustainability of this natural 

monument, threatened by the abandonment and ruin of a heritage that is part of it and 

must be protected, valued and safeguarded through its rehabilitation with compatible 

uses. 

Each card of the catalog consists of the following epigraphs: identification, location, 

brief description, constructive characteristics, state of conservation, actual use, conserva-

tion proposals, enhancement and compatible uses. Photographic documentation of each 

mill has also been included. Below, we include as an example the catalog card of the 

Fábrica de Harinas la Purísima: 
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- Identification: Fábrica de Harinas la Purísima. 

- Location: Paraje de los Molinos, Alhama de Granada, Spain. 

- Brief description: Reference to the industrial heritage of the municipality of Alhama 

and of the flour mills of the national territory [61]. It is located within the popular 

industrial architecture of the 19th century. It is made up of two buildings. The most 

important is the one that houses the mill and the house, shaped like an L and devel-

oped on three levels: basement, ground floor and first floor. The main access takes 

place through the west façade, in front of which we find the other building for the 

animal stable. 

- Constructive characteristics: structure of load bearing walls, masonry and mortar and 

brick pillars. The floors are made of wood, as are the roof trusses, finished off by 

Muslim tile. 

- State of conservation: the main building for a mill and housing is in good condition; 

however, the stable is in a dilapidated state. 

- Actual use: the main building is used as a museum and an interpretation center for 

the historic flour factory. It admits school and tourist visits on demand. The original 

machinery is preserved, and the flour production processes are explained: receiving 

the wheat, cleaning the grain, milling the wheat, sifting, packing and packaging the 

final products. The stable is not used. 

- Conservation proposals, enhancement and compatible uses: The maintenance of the 

cultural and educational use of the museum is proposed and the possibility of using 

the stable as a tourist office for Alhama is offered, after its rehabilitation. 

- Photographic documentation. 

All the uses proposed in the cards are based on the previous rehabilitation of the 

existing buildings, respecting the historical exterior volume, the interior distributions, the 

construction systems, the materials, the levels and the heights. According to the regula-

tions in force in the General Plan of Alhama, in the mills, non-permanent restoration uses, 

tourist and recreational uses, hydrological protection works and houses linked to agricul-

tural operations can be developed. We propose cultural uses, such as a factory museum, 

an archaeological museum with the remains found in the Neolithic caves, a library or an 

archive. The tourist use should be limited to small rural hotels, while the educational one 

would be aimed at workshop schools and the administrative one for the tourist office (Ta-

ble 2 and Figures 19–25). 

Table 2. Flour factories included in the Mills catalog: summary of their state of conservation and 

current and proposed uses. 

Identification State of Conservation Current Use Proposed Uses 

Fca. de harinas San Francisco (Figure 20) regular not used 

cultural 

educational 

tourist 

Fca. de harinas San Pedro (Figure 21) in ruins not used 

cultural 

educational 

tourist 

Fca. de harinas La Purísima (Figures 22 and 23) 
mill and house: good 

stable: in ruins 

cultural (museum) 

not used 

museum 

administrative 

Fca. de harinas Santa Teresa (Figure 24) in ruins not used 

cultural 

educational 

tourist 

Fca. de harinas Nuestra Señora del Carmen  

(Figure 25) 
poor not used 

cultural 

educational 

tourist 
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Figure 19. Location map of the mills. Instituto Geográfico Nacional. 

 

Figure 20. Photographic documentation of the Fábrica de Harinas San Francisco (J.G.M.-S.). 
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Figure 21. Photographic documentation of the Fábrica de Harinas San Pedro (J.G.M.-S.). 

 

Figure 22. Photographic documentation of the exterior of the Fábrica de Harinas la Purísima: (a) facade of the main building 

and the stable in ruins (J.G.M.-S.); (b) rear facade with the Caz del Molino ditch and overflow towards the Marchán River 

(M.d.C.V.-L.); (c) metal gate in the Caz del Molino ditch next to the stable (M.d.C.V.-L.); (d) 16th century aqueduct next to the 

mill (M.d.C.V.-L.). 
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Figure 23. Photographic documentation of the inside of the Fábrica de Harinas la Purísima (J.G.M.-S.): (a) first floor; (b) 

ground floor; (c) basement. 

 

Figure 24. Photographic documentation of the Fábrica de Harinas Santa Teresa (J.G.M.-S.). 
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Figure 25. Photographic documentation of the Fábrica de Harinas Nuestra Señora del Carmen: (a) relationship of the mill 

with the river (J.G.M.-S.); (b) main facade (J.G.M.-S.); (c) access bridge to the mill and view from above (M.d.C.V.-L.). 

4.4. 3D Model of the Fábrica de Harinas la Purísima 

The mill of the Fábrica de Harinas la Purísima has been chosen to make a 3D model, 

together with its closest surroundings, as it is a very valuable example of the sustainable 

recovery of architectural, cultural and ethnological heritage. It is the only mill preserved 

in good condition by its owners, including the machinery, being used as an interpretation 

center and museum. Currently, the mill organizes both school visits and those of tourists 

who are interested in industrial heritage. 

The steps followed to carry out this modeling using SfM photogrammetry have been: 

1. Capture of photographic images with the Sony Alfa 5000 camera, hung on a pole, by 

means of circular sweeps around the mill from different heights to avoid leaving un-

defined areas. 

2. Once the images have been loaded into the software Agisoft PhotoScan, they have 

been aligned selecting a high precision for the building of the point cloud of the ar-

chitectural model and its surroundings. 

3. We obtain a denser point cloud, increasing the number of pixels with a high resolu-

tion. 

4. Building of the 3D mesh to obtain the surface geometry of the architectural object. 

5. Applying textures to the 3D mesh from the uploaded photos. Agisoft PhotoScan soft-

ware traces rays from the photos, already oriented, which cut the model, giving it a 

high-definition texture (Figure 26). 

6. The orthophoto of the main façade of the La Purísima mill and its relationship with 

the surrounding environment has been obtained (Figure 27). 
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Figure 26. Image obtained from the 3D model once the mesh obtained from the dense point cloud 

has been textured (M.d.C.V.-L.). 

 

Figure 27. Views of the 3D model obtained from the Fábrica de Harinas la Purísima and its surroundings (M.d.C.V.-L.): 

(a) from the access path; (b) between the access road and the river; (c) rear elevation next to the river and the aqueduct; 

(d) orthophoto of the main facade. 

5. Discussion 

In the review of the previous literature carried out, the exact Roman location of Ar-

tigis still generates some controversy. While there are authors who place it on the founda-

tions of the current Alhama, in the Muslim quarter [62] (p. 350), others are inclined to 

think that the Roman Artigis was very close to the so-called Muslim baths [56,63], whose 

basement is of Roman construction [64] and next to which there are remains of an old 

Roman road and a bridge. This bridge, although also called Roman, it can hardly be as-

sured that the bridge is from this period due to their architecture and construction [65]. 
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We agree with the hypothesis that defends that the Roman city of Alhama was located in 

the area of the Cerro de la Mesa del Baño. 

After the Visigothic period, it was the Muslims who, in the 9th century, changed the 

name of the city to Alhama, which means bath (Al Hamma). Moreover, in all probability, 

it is at this time already that the Alhama location coincides with the current one as it is 

more rugged given the character of a fortress that we know the city had during the Muladi 

revolts [63] (p. 12), although it was further from the thermal baths [66]. The visit and writ-

ten testimony of some Muslim travelers, such as Ibn Battuta, Abd Al-Basit and Al-Malatí 

[67], confirm that Alhama was an obligatory transit point between Granada, the capital of 

the emirate, and the coast, concentrating on it being part of business transactions. 

Foreign travelers who visited Alhama since the end of the 18th century and in the 

first half of the 19th century have left valuable written and graphic testimonies of the city 

of the Tajos, already studied by López-Burgos [68]. Raya [63] (p. 89) affirms that the city 

had all the ingredients to attract the traveler with a romantic spirit thanks to its rugged 

setting, its walls with towers, the old castle, the hot springs and the old legends of Moors, 

Christians and bandits. All this was reflected in the traditional scenes written or drawn 

by the travelers. 

Our research not only provides an updated review of the historical sources but also 

supplies new graphic documentation (landscape of water, photographic catalog of the 

mills, photogrammetric survey of the mill-museum Fábrica de Harinas la Purísima) that 

relates these sources with the cultural landscape of the Tajos de Alhama. 

The catalog of mills must serve to present the current state of each one of them and 

be the first step to the recovery of an architecture in progressive danger of ruin and loss 

with the deterioration that it entails. According to Rita Fernández [69], conserving and 

recovering heritage is associated with dignifying the past of our populations, reinforcing 

their identity, for which the collaboration of citizens is necessary. Beyond the tourist at-

traction, a sustainable development is sought. Francisco Sánchez defends that, by rescuing 

these factory buildings from oblivion, we are not only reviving a manufacturing process 

but also a way of life [70] (p. 7). 

The Fábrica de Harinas la Purísima is an example to follow for its cultural and edu-

cational work in defense of an intangible, material and ethnological heritage that could 

disappear if its conservation is not invested in (Figure 28). It has established itself as a 

cultural and tourist attraction for the city of Alhama, promoting sustainable ecological 

and cultural tourism. It is currently one of the main heritage landmarks of the Tajos de 

Alhama. 

 

Figure 28. Fábrica de Harinas la Purísima in 1963, next to the Tajo y Alhama River [17]. 
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6. Conclusions 

Alhama is inseparable from its location next to the Tajos, without which it is impos-

sible to understand the historical evolution of the municipality. The landscape values of 

the Tajos, known as an outstanding landscape and natural monument, must be analyzed 

from the global vision of a location traversed by the Marchán River to the individual vi-

sion of the elements in this landscape, especially the mills, moved by the power of water, 

an economic engine in the past of the economy of Alhama. 

The recovery of the flour infrastructure associated with the water mills would help 

to generate a focus of cultural and tourist attraction for public or private agents. These 

actions would mean an improvement for the municipality in the social and economic as-

pects, favoring not only the sustainable revitalization of a heritage site but also of the his-

toric center, recovering the building heritage. 

Museums and interpretation centers, such as the one housed in the Fábrica de Hari-

nas la Purísima, are essential for the dissemination of culture, education and tourism, 

complementary to the practice or policy of safeguarding the regional and national indus-

trial heritage. 

Regarding the landscape of water, we can affirm that the presence of the Marchán 

River in this territorial area, together with the natural water conductions (ravines and 

streams) and artificial (reservoirs, dams and ditches) have generated a spectacular cultural 

landscape in their passage through the Tajos de Alhama, which must be protected, avoid-

ing the progressive deterioration of the most sensitive areas. An important variety of 

fauna or vegetation has also developed in this ecosystem. 

In our opinion, the research carried out in the Tajos de Alhama de Granada, with 

regard to the methodology and materials used, could be extended to other similar cultural 

and heritage landscapes, such as those existing in the Spanish cities of Ronda and Cuenca, 

which are also closely linked to their urban nuclei. 
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