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				RESUMEN La Ruta del Adobe, en Tinogasta (Catamarca, Argentina), constituye un itinerario cultural cuyo patrimonio religioso, mayoritariamente construido con adobe. Este estudio inicial se enmarca en un proyecto más amplio destinado a elaborar un plan de gestión patrimonial y busca responder ¿cuáles son las principales lesiones y agentes de deterioro, degradación y alteración en estas edificaciones? Se relevaron 11 casos, promovidos por la Secretaría de Turismo, mediante fichas basadas en el glosario ICOMOS-ISCEAH, registrando cualitativa y cuantitativamente las familias de lesiones y agentes de deterioro, degradación y alteración. Los resultados muestran la prevalencia de procesos ligados a pérdida de material, grietas y deformaciones, desprendimientos, originados principalmente por agentes antrópicos y atmosféricos. Se constató un estado de conservación bueno a regular, con prioridades de intervención bajas a medias. La discusión evidencia la tensión entre técnicas vernáculas y materiales industrializados. Se concluye que la preservación requiere estrategias diferenciadas que integren criterios técnicos, comunitarios y culturales.
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				ABSTRACT The Adobe Route, in Tinogasta (Catamarca, Argentina), constitutes a cultural itinerary whose religious heritage is mostly built with adobe. This initial study is part of a broader project aimed at developing a heritage management plan and seeks to answer: what are the main damage and agents of deterioration, decay and alteration in these buildings? 11 cases, promoted by the provincial Secretariat of Tourism, were surveyed using records based on the ICOMOS-ISCEAH glossary, documenting qualitatively and quantitatively the families of damages and agents of deterioration, decay and alteration. Results show the prevalence of processes related to material loss, cracks, deformations, and detachments, mainly caused by anthropic and atmospheric agents. A conservation state ranging from good to fair was observed, with low to medium intervention priorities. The discussion highlights the tension between vernacular techniques and industrialized materials. It is concluded that preservation requires differentiated strategies that integrate technical, community, and cultural criteria.
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				1. Introduction

				The province of Catamarca, like other provinces in northwestern Argentina, boasts a rich architectural heritage of earthen structures. The Tinogasta department, in the western part of the province, in particular, features adobe as the predominant construction technique in its vernacular architecture.

				In early 2000, the Catamarca Department of Tourism requested technical assistance from the Centro Barro to enhance the heritage sites distributed across the municipalities of Tinogasta and Fiambalá. This advisory process did not proceed as expected, and the Province of Catamarca undertook the restoration of the 55-km stretch—known as the Adobe Route. In particular, the restoration work near Tinogasta was carried out with varying levels of expertise (Viñuales, 2016), raising serious questions about the sites’ integrity and authenticity (Venice Charter, 1964; ICOMOS, UNESCO, ICCROM, 1994). In 2011, six buildings along this route were designated as Provincial Historical and Cultural Heritage (PHCP) (Law No. 5,326 – Decree No. 902). In 2022, the Adobe Route was designated a Provincial Cultural Itinerary (ICP) (Law No. 5,792 – Decree No. 3,577), on the understanding that adobe was part of a building tradition that reflects “specific cultural traits rooted in the traditional life of different communities” (ICOMOS, 2008, p. 2). This latest designation substantially expanded its length, reaching a total of 160 kilometers between the town of Cerro Negro, south of Tinogasta, and the towns of Punta del Agua and Tatón, in the north. As a result, within this cultural itinerary, a diverse religious heritage can be observed in terms of:

				Conservation: Some structures were partially reconstructed; others show signs of regular maintenance, but some sites are neglected. 

				Protection: Although all structures enjoy general protection as part of the ICP—with little practical impact—those located along the original route also have specific heritage protection, PHCP11  . 

				Context: While those designated as PHCP are located near inhabited areas, the remaining structures are situated in largely unpopulated zones, following a migration phenomenon that occurred throughout the 20th century and intensified in the 1990s.

				This study, sponsored by the Secretariat of Tourism and Cultural Heritage, identifies the types of damage and agents of deterioration, degradation, and alteration in adobe religious buildings that make up the cultural itinerary, and determines their overall state of preservation. This assessment is an initial step in a broader project to develop a heritage management plan. The results will inform intervention criteria to ensure the permanence and conservation of the adobe structures that make up this route.

			

		

		
			
				2. Deterioration and pathological processes in earthen architecture

				Construction pathology studies “the set of degenerative processes characterized by the alteration [and degradation] of materials and structural elements” (Rodríguez Rodríguez, 2004, p. 16). Thus, the term “pathology” refers to diseases—in this case, those affecting buildings. Damage is the symptom or manifestation of certain pathological processes that are not always visible (Rodríguez et al., 2014; Gómez Patrocinio et al., 2017), whereas agents of deterioration are the causes that lead to damage, and their origin may be single- or multi-causal. Furthermore, it is important to distinguish that an alteration does not necessarily imply a deterioration of a building’s characteristics; deterioration leads to a decline in its quality and value, while degradation involves physicochemical changes in its materials (ICOMOS-ICSC, 2011).

				There is a considerable number of publications that provide a general overview of the various agents of deterioration affecting earthen architecture (Rainer, 2008), which has enabled further in-depth study of the subject—for example, regarding degradation caused by soluble salts (Shen et al., 2017; Tavares et al., 2022; Zhang et al., 2023; Qu, J. et al., 2024) or biological deterioration (Rolón and Cilla, 2012; Fazio et al., 2018; De Greef et al., 2020; Al-Jokhadar et al., 2024). However, the state of the art in this field remains limited compared to the vast body of knowledge accumulated on deterioration processes in stone. A similar situation is observed for other traditional materials, such as wood or brick, whose degradation mechanisms have been extensively studied in heritage conservation. A brief review reveals that during the 1980s and 1990s, various authors focused on identifying and describing the causes of deterioration in earthen structures (Viñuales, 1981; Crosby, 1983; Houben and Guillaud, 1989; Ceballos, 1990; Garrison, 1990; and Warren, 1999), with water, in its various forms, being one of the most significant agents (Odul, 1990). Subsequent research (Guerrero Baca, 2002; Rainer, 2008; Rodríguez et al., 2014) explained the mechanisms of deterioration and degradation of earthen architecture based on: a) intrinsic pathogenic factors (associated with material composition) and b) extrinsic factors (related to weathering and contextual phenomena). Furthermore, building on Houben and Guillaud (1989), Rodríguez et al. (2014) presented and synthesized recurring forms of alteration and degradation, linking agent types to the damage they cause. Lara (2018) presented another classification approach, following the framework established by Monjo Carrió (1999), and classified damage in the Ecuadorian Andean region by its physical, mechanical, and chemical nature. 
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				 1  The Chapel of San Pedro is also a National Historic Monument (1941).

			

		

	
		
			[image: ]
		

		
			[image: ]
		

		
			[image: ]
		

		
			
				83

			

		

		
			
				Each of these categories is linked to: a) direct causes—that is, those that specifically initiate the pathological process—and b) indirect causes—those inherent to the structural unit as “a consequence of defective selection or design” (Monjo Carrió, 1999, p. 118)—which give rise to them. Likewise, Lara and Bustamante (2022) expanded this analytical framework by adding the categories of chemical-biological factors, anthropogenic factors, and unplanned interventions.

				Specifically, regarding vernacular heritage built with adobe, Gómez Patrocinio et al. (2017) identified four categories of deterioration agents: atmospheric, biological, anthropogenic, and structural failure processes, and analyzed the most common forms of damage in traditional Spanish architecture. Subsequently, they focused on two of these: the mechanisms of material deterioration caused by structural damage and weathering phenomena (Gómez Patrocinio et al., 2020).

				Recently, to establish a common terminology to describe these defects, following the structure of the deterioration glossary developed by the ICOMOS International Scientific Committee on Stone (ICOMOS-ISCS, 2011), Aching Vázquez and Marcus (2022) presented the earthen architecture glossary of the International Scientific Committee on Earthen Architectural Heritage (ICOMOS–ISCEAH), which is organized into five families of deterioration: cracks and deformations, detachments, features induced by material loss, color alteration and deposits, and biocolonization, with each of these families further encompassing a group of specific defects.

				3. Methods 

				We considered eleven of the 16 religious buildings listed in the aforementioned PHCP and ICP designations. These constitute the core elements of the cultural itinerary (ICOMOS, 2008) of the Adobe Route and are promoted by the Tinogasta Secretariat of Tourism and Cultural Heritage12   (Figure 1). 

				To record and identify damage, we used the five categories established in the ICOMOS-ISCEAH glossary. Although other proposals are recognized in the literature—such as those by Monjo Carrió (1999) and their recent applications in Latin America by Lara and Bustamante (2022)—the ICOMOS-ISCEAH glossary was chosen due to its consensus-based approach to the use of common terminology and its potential to facilitate international comparison and standardization across studies. We developed five data sheets, one for each damage category (Figure 2), adapting the variables used in the model by Gómez Patrocinio et al. (2020). To this end, in addition to the damage types listed in the glossary, three categories of agents—atmospheric, biological, and anthropogenic, along with their subcategories—were established based on observations from the 

			

		

		
			
				preliminary field survey. Two observers recorded and completed the forms through organoleptic analysis, evaluating visible damage to exposed masonry, plaster, roofs, and exterior and interior finishes. 

				A subsequent review of the data sheets confirmed 23 types of damage and ten specific agents (Table 1). It should be noted that the subcategories of damage and agents are limited to those identified here and may be modified and expanded in future research based on the data collected. In this case, their analysis and subsequent systematization made it possible to quantify the percentage distribution of each family and subtype of agents and damage. The attached table and graphs summarizing these results follow the color-coding system proposed in the ICOMOS-ISCEAH glossary, aiming to contribute to the standardization of criteria for presenting damage.

				Assigning values and categories to establish the State of Preservation (EC) and Intervention Priorities (PI) responds to the need for an assessment system that allows objective comparison of the degree of deterioration and urgency of action among different buildings. In the case of the CO, a specific value was assigned to each present defect, taking into account the recurrence of the defect (isolated/widespread) and the magnitude or level of material or functional impact it causes on the structural elements (minor cracks, structural cracks, complete loss of elements, etc.). These factors allowed us to define three assessment ranges—good, fair, and poor—on an ascending scale of deterioration.

				Similarly, for the PI, we assessed the impact of the treatment based on the intervention’s technical and heritage-related complexity, the extent of the damage to be addressed, and its impact on the building’s functionality or habitability. Based on these criteria, three categories—low, medium, and high—were defined to reflect the urgency of action and to prioritize conservation resources and strategies.

				The EC and PI ranges were established by summing all families of damage according to the value assigned to each category (Table 2): 

				EC: good = 66 (2×23), fair = 92 (4×23), and poor = 138 (6×23). 

				PI: low = 23 (1×23), medium = 46 (2×23), and high = 69 (3×23).

				The values assigned to EC and PI are arbitrary and were established to define the ranges for evaluation and assessment. Furthermore, while these processes are inherently subjective, the PI assessment helps contextualize the EC results. Thus, even when two families obtain high EC scores—due to the widespread nature of the findings—the PI assessment allows differentiation and, for example, assigns a high score to structural lesions and, in contrast, a low score to chromatic alterations related to aesthetic considerations.
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				 2  The five chapels whose interiors could not be accessed, thus preventing a comprehensive survey, were excluded from this analysis. Three civil building types designated as PHCP were also excluded, as they involve a different level of complexity in terms of scale, state of conservation, and previous interventions.
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				Figure 1: Location of the case studies. Authors (2025), Google Maps

			

		

		
			
				Figure 2: Data sheet used, “Material Loss-Induced Features” category. (2025)
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					NA-R. 01

				

				
					Features induced by loss ofmaterial

				

				
					WORK Our Lady of Andacollo

				

				
					Location: La Falda, Tinogasta

				

				
					Surveyed by:CH

				

				
					Description

				

				
					Material loss

				

				
					The partial absence of the mud plaster on the roof has left part of the roof exposed, allowing rainwater to enter. Likewise, the lack of a prominent overhang facilitates water runoff along the exterior wall. The effect of rainwater combined with wind causes differential erosion of the wall and, due to water accumulation, material loss. Lack of maintenance contributes to increasing the aforementioned damage.

				

				
					Partial loss

				

				
					erosion

				

				
					Differential wash erosion

				

				
					erosión por viento

				

				
					Wind erosion

				

				
					Loss due to mechanical impact

				

				
					Abrasion/Cutting

				

				
					Hollowing

				

				
					Other

				

				
					Agent of deterioration/alteration/degradation

				

				
					Extent of the damage

				

				
					Atmospheric

				

				
					Localized: - below some of the tie beams

				

				
					Capillary moisture

				

				
					Widespread

				

				
					Rain

				

				
					Image of the damage

				

				
					Snow

				

				
					Wind

				

				
					Earthquake

				

				
					Anthropogenic

				

				
					Inadequate maintenance

				

				
					Design errors

				

				
					Subsequent alterations

				

				
					Vandalism

				

				
					Biological

				

				
					Microorganisms/lichens

				

				
					Insects

				

				
					Plants

				

				
					Animals
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				Table 1: Classification of damage categories, agents of deterioration, alteration, and degradation. (2025)

			

		

		
			
				Table 2: Assessment and evaluation range for EC and PI. Adapted from the guidelines in the Guide for the Development and Implementation of Preventive Conservation Plans (IPCE 2019). (2025)

			

		

		
			
				
					EC

				

				
					Value 

				

				
					Range 

				

				
					Lesions

				

				
					Good

				

				
					2

				

				
					N ≤ 46

				

				
					Present in isolation, superficial in extent

				

				
					Moderate 

				

				
					4

				

				
					47 ≤ N ≤ 92

				

				
					Present in several structural elements, moderate extent

				

				
					Poor 

				

				
					6

				

				
					93 ≤ N ≤ 138

				

				
					Widespread and of significant magnitude

				

				
					IC

				

				
					Value 

				

				
					Range 

				

				
					Lesions

				

				
					Low 

				

				
					1

				

				
					N ≤ 23

				

				
					Require preventive conservation measures and, to a limited extent, corrective measures

				

				
					Medium 

				

				
					2

				

				
					24 ≤ N ≤ 46

				

				
					Require preventive, corrective, and partial restoration conservation measures. Some of these are immediate.

				

				
					High

				

				
					3

				

				
					47 ≤ N ≤ 69

				

				
					Require immediate, preventive, corrective, and comprehensive restoration measures. There is a risk of structural collapse

				

			

		

		
			
				
					Damage Family

				

				
					Agents of deterioration, degradation, and alteration

				

				
					Cracks and deformations 

				

				
					Atmospheric agents

				

				
					Structural cracks

				

				
					Capillary moisture

				

				
					(Punching shear / Horizontal forces 

				

				
					Rain

				

				
					Cracks (0.1 mm)

				

				
					Wind 

				

				
					Cracking

				

				
					Deformation

				

				
					Rockfalls 

				

				
					Anthropogenic factors

				

				
					Landslides

				

				
					Inadequate maintenance

				

				
					Granular disintegration

				

				
					Design errors

				

				
					Powdery / sandy

				

				
					Subsequent alterations

				

				
					Fragmentation

				

				
					Biocolonization

				

				
					Biologicals

				

				
					Microorganisms / lichens

				

				
					Microorganisms / lichens

				

				
					Small plants and shrubs

				

				
					Small plants and shrubs

				

				
					Insects

				

				
					Insects

				

				
					Animals

				

				
					Animals

				

				
					Features caused by material loss

				

				
					Loss of material

				

				
					Partial loss

				

				
					Total or greater loss

				

				
					Differential erosion

				

				
					Wind erosion 

				

				
					Basal erosion

				

				
					Loss due to mechanical impact

				

				
					Discoloration and deposits

				

				
					Discoloration / Color change

				

				
					Surface deposits

				

				
					Animal deposits

				

			

		

		
			
				Pathological processes and conservation state of the religious heritage along the Adobe Route (Catamarca, Argentina)

				Carola I. Herr y C. Guillermo Rolón

			

		

	
		
			
				86

			

		

		
			
				ESTOA 29 / Vol 15 / 2026e - ISSN: 1390 - 9274 ISSN: 1390 - 7263

			

		

		
			
				4. Results

				Based on the survey and analysis conducted, the group of buildings (Table 3 and Figure 1) can be characterized according to the following dimensions:

				Morphological: They consist of simple prismatic volumes with single- or double-pitched roofs, predominantly featuring a single nave. The main volume typically has one or two adjacent bell towers.

				Technological–Structural: The vertical enclosure was constructed of load-bearing adobe masonry, with a thickness ranging from 0.50 to 0.90 m. Regarding the horizontal roof structure, two situations are observed: a) 64% of the cases maintain the vernacular tradition, with roofs consisting of wooden trusses or beams covered with mud-brick tiles13   ; b) the remaining 36% replaced the original technologies with industrialized materials. The replacement occurred primarily in the roofing, using metal sheets. In only one case was the roof constructed with reinforced concrete slabs.

				Functional: The chapels bring the rural population together and fulfill a social and identity-forming role associated with local rites and festivities. It should be emphasized that chapels located in largely depopulated areas often serve as a space for social reconnection, bringing together former residents during patron saint festivals.

				Damage, agents of deterioration, degradation, and alteration: The quantitative analysis shows that damage classified under the category of “features resulting from material loss” is the most common (37.1%). These are followed by the following categories: cracks and deformations (24.3%); detachments (17.1%); biological colonization (12.2%); and color changes and deposits (9.3%). The percentages for the subtypes within each category are shown in Figures 3a and 3b. 

				Regarding the agents of deterioration, degradation, and alteration, anthropogenic factors (55.80%) and atmospheric factors (40.40%) stand out, while biological agents are relatively uncommon (3.80%). Among anthropogenic factors, design errors (37.16%), inadequate maintenance (35.14%), and subsequent alterations (27.70%) are relatively evenly distributed. Rain (47.66%) and capillary moisture (43.93%) are the most significant atmospheric factors, while the effects of wind (8.41%) are minor. 

			

		

		
			
				
					No.

				

				
					Name

				

				
					Location

				

				
					Date

				

				
					Section of the Adobe Trail

				

				
					Declaration

				

				
					Management of conservation

				

				
					Type

				

				
					Masonry

				

				
					Roof

				

				
					PHCP

				

				
					ICP

				

				
					Adobe

				

				
					1

				

				
					San Pedro

				

				
					Fiambalá

				

				
					1770

				

				
					Original

				

				
					▪

				

				
					▪

				

				
					National

					Provincial 

				

				
					Single nave—side bell tower

				

				
					▪

				

				
					Clay dome

				

				
					2

				

				
					Our Lady of the Rosary

				

				
					Anillaco

				

				
					1712

				

				
					Original

				

				
					▪	

				

				
					▪

				

				
					Provincial Municipal

				

				
					Single-story building 

				

				
					▪

				

				
					Clay dome

				

				
					3

				

				
					Our Lady of Andacollo

				

				
					La Falda

				

				
					1740

				

				
					Original

				

				
					▪

				

				
					▪

				

				
					Provincial Municipal

				

				
					Single nave—side bell towers

				

				
					▪

				

				
					Clay dome

				

				
					4

				

				
					Oratorio de los Orquera

				

				
					El Puesto

				

				
					ca. 1740

				

				
					Original

				

				
					▪

				

				
					▪

				

				
					Provincial Municipal

				

				
					Single nave—side bell tower

				

				
					 ▪

				

				
					Clay dome

				

				
					5

				

				
					Santo Domingo

				

				
					La Florida

				

				
					ca. 1950

				

				
					Attached

				

				
					▪

				

				
					Community

					 Local

				

				
					Single-story warehouse

				

				
					▪

				

				
					Modified clay cake

				

				
					6

				

				
					Our Lady of Candelaria 

				

				
					Copacabana

				

				
					1904

				

				
					 Attached

				

				
					▪

				

				
					Municipal

				

				
					Three naves—side bell towers

				

				
					▪

				

				
					Sheet metal

				

				
					7

				

				
					Santa Lucía

				

				
					Los Quin-teros

				

				
					1900

				

				
					Annexed 

				

				
					▪

				

				
					Community 

					Local

				

				
					Single-story warehouse

				

				
					▪

				

				
					Sheet metal

				

				
					8

				

				
					Our Lady of Mercy

				

				
					Colorado River

				

				
					1786

				

				
					Annexed

				

				
					▪

				

				
					Community 

					Local

				

				
					Single nave—side bell tower

				

				
					▪

				

				
					Modified clay cake

				

				
					9

				

				
					San Buenaventura

				

				
					Cerro Negro

				

				
					1847

				

				
					Annexed

				

				
					▪

				

				
					Community 

					Local

				

				
					Three naves—side bell towers

				

				
					▪

				

				
					Modified clay cake

				

				
					10

				

				
					San Roque

				

				
					Los Balverdi

				

				
					ca. 1940

				

				
					Annexed

				

				
					▪

				

				
					Community

					 Local

				

				
					Single nave—side bell tower

				

				
					▪

				

				
					Sheet metal

				

				
					11

				

				
					Our Lady of the Miraculous Medal

				

				
					El Pueblito

				

				
					ca. 1950

				

				
					Annexed

				

				
					▪

				

				
					Community

					Local

				

				
					Single nave—side bell tower

				

				
					▪

				

				
					Reinforced concrete slab

				

			

		

		
			
				Table 3: Selected case studies. (2025)

			

		

		
			[image: ]
		

		
			
				 3  A traditional construction technique used for roofing, consisting of covering the roof surface with a layer of “mud” made from a mixture of earth, straw, water, and sand, with a thickness that may vary between 5 and 10 cm.
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				Figure 3: a) Damage families: partial percentage values for each family; b) total percentage values for the subcategories that comprise them; 

				c) Agents of deterioration, alteration, and degradation: partial percentage values for each family; and d) total percentage values for the subcategories that comprise them. (2025)

			

		

		
			[image: ]
		

		
			
				Pathological processes and conservation state of the religious heritage along the Adobe Route (Catamarca, Argentina)

				Carola I. Herr y C. Guillermo Rolón

			

		

	
		
			
				88

			

		

		
			
				ESTOA 29 / Vol 15 / 2026e - ISSN: 1390 - 9274 ISSN: 1390 - 7263

			

		

		
			
				Finally, for biological agents, insects (52.94%) and microorganisms (29.41%) account for the highest incidence, with a considerably lower proportion attributable to agents from the animal and plant kingdoms (11.76% and 5.88%, respectively) (Figures 3c and 3d).

				4.1. Damage related to atmospheric agents 

				Capillary moisture and rain are the most significant atmospheric agents and particularly affect the base of the wall, the coping, and the roof. Damage caused by water rising through capillary action is exacerbated by human-induced factors. Design flaws, such as the absence of parapets—only two of the surveyed cases have an added perimeter foundation—combined with the absence of visible foundations, place the wall in direct contact with the natural ground. Consequently, among the damage categorized as resulting from material loss, erosion of the wall bases is evident, leading to material loss and the formation of partial voids (Figure 4a). In the initial stage, capillary moisture can be recognized by a change in the color of the plaster or paint, which appears slightly darker than its original shade (Figure 4b). As deterioration progresses, it is common for the plaster immediately above ground level to become partially detached. Subsequently, granular disintegration occurs, which can even affect the adobe and lead to a loss of wall 

			

		

		
			
				cross-section. In response to this design flaw, one of the solutions adopted was to reinforce the area near ground level with cement or to install baseboards made of various materials (Figures 4.c, 4.d, and 4.e). However, these interventions did not prevent water from rising by capillary action, as they created an ineffective barrier. The brick or concrete base, as well as the cementitious coating, were applied to the outer face of the wall. Since the added material was less permeable to water, deterioration of the adobe wall increased, as moisture became trapped inside and could not evaporate due to the imposed barrier.

				In the cases surveyed, no biological colonization or outward migration of salts was observed—phenomena associated with the Arid Andean Puneño climate or the Arid Sierras and Bolsones climate (Navarro, 1994)—whose location precludes conditions conducive to their development.

				Regarding rainfall, although annual precipitation is very scarce, averaging less than 100 mm per year (Navarro, 1994), it generally occurs in short but intense events. During the summer months, various anthropogenic factors facilitate the entry and flow of rainwater. On the one hand, various design flaws have been identified, as the roofs lack eaves, crown moldings with properly sized drip edges, or adequately sized gargoyles, which facilitates the downward flow of rainwater down the facade. 
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				Figure 4: a) y b) Granular disintegration and discoloration due to capillary moisture in walls (Virgen de las Mercedes Chapel and Orquera Oratory). c), d), e) Solutions adopted to combat capillary moisture: cementitious coating (San Pedro Chapel), brick baseboard (Santo Domingo Chapel), and concrete baseboard (Virgen de las Mercedes Chapel). (2024)
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				This factor, combined with wind action, causes differential wash erosion of the wall (Figure 5a). Added to this are subsequent alterations, such as the installation of poorly designed gargoyles intended to channel rainwater, which prevent the free runoff that the roofs originally allowed. However, the fact that these lack sufficient length exacerbates the aforementioned damage, in addition to negatively impacting the building’s overall appearance. Differential wash erosion is also observed inside the bell towers. The openings, lacking protective elements, allow rain to enter and, consequently, to run down the interior walls (Figure 5b). When this deterioration persists over time, material loss becomes evident, particularly noticeable in churches with earthen plaster and no finish coat of paint (Figure 5c). 

				Furthermore, areas with partial damage, cracks, and subsidence are observed in the mud-brick roofs, allowing water to enter. An early sign of this is a change in the color of the plaster near the roof as it retains moisture, as well as subsequent cracks caused by shrinkage as it dries. As this deterioration progresses, areas—either at the junction of the wall and the roof or on the plastered ceilings—gradually weaken and begin to detach. Thus, it is common to observe areas with partial loss of plaster, exposing, depending on the case, the adobe of the wall or the wattle of the ceiling (Figures 5d and 5e).

				With regard to wind erosion, this is particularly notable in the region characterized by the Arid Andean Puneño climate (Navarro, 1994), given the intense and constant winds affecting sites distributed between Fiambalá and Anillaco. Earth plaster and mud cakes, when exposed to the elements, are particularly vulnerable, suffering greater damage and surface wear on the most unfavorable orientations—south and west (Figure 5f).

				4.2. Damage associated with anthropogenic factors

				The category encompassing cracks and deformations accounts for approximately 24% of the detected damage, and the mechanisms of structural degradation are primarily due to design errors and subsequent alterations. 
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				Figure 5: a), b) and c) Erosion due to differential leaching on the façade of San Pedro, the interior of the bell tower at the Andacollo church, and the exterior of the Anillaco church. d) and e) Partial damage due to detachment of the ceiling and plaster in the chapels of Santa Lucía and Andacollo. 

				f) Wind erosion (Andacollo Chapel). (2024)
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				Figure 6: a) and b) Cracks caused by a lack of interlocking between existing and added structures (Anillaco Chapel). c) and d) Cracks caused by localized overloading (Santo Domingo Chapel) and by horizontal thrust (Virgen de la Medalla Milagrosa Chapel). e) Cracks caused by stresses between replacement sections (Santa Lucía Chapel). f) Cracking due to plaster shrinkage (Anillaco Chapel). (2024)
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				Figure 7: a), b), and c) Interventions carried out using prefabricated materials at the San Roque Chapel and the exterior facades of the Virgen de las Mercedes and San Buenaventura chapels. d) Installation of a waterproof membrane over a cementitious base course (San Buenaventura). e) and f) Replacement with metal trusses and sheet metal roofing (Santa Lucía Chapel) and with a reinforced concrete slab (Virgen de la Medalla Milagrosa Chapel). (2024)

			

		

		
			
				As for structural cracks, the most common ones are due to a lack of connection between the existing walls and the additions (Figures 6a and 6b). To a lesser extent, they result from undersized structural members. Inside the buildings, punching shear failures are common, and on the exterior, lateral thrusts are common. In the first case, the formation of cracks below the structural trusses or roof purlins indicates localized overloading (Figure 6c) due to the absence of a horizontal load-distribution structure to absorb the load. On the exterior face, cracks are observed due to thrust forces from the roof structure, resulting from the absence of expansion joints between the structural components and the wall (Figure 6d).

				As for the facade, cracks caused by alterations made during a renovation project predominate, such as those generated by stresses arising between various replacement panels. These are particularly noticeable in the cement panels, given the differences in behavior between adobe and cement—in terms of contraction and expansion—as they accommodate the thermal range present in the region (Figure 6e). Less frequently, cracking caused by the drying shrinkage of the earthen plaster is observed (Figure 6f). Only in one of the buildings, which had been affected by a previous earthquake, were deformations observed as a result of displacements that were not corrected during its subsequent reconstruction.

			

		

		
			
				During the survey, no structural damage related to changes in load distribution or general structural deformation—which could be associated with overturning or collapse—was observed. Nor were any misalignments or rotations caused by atmospheric agents (such as undermining due to capillary moisture) found.

				Regarding subsequent interventions, a distinction can be made between those that led to degradation mechanisms and those that constituted alterations. In the first case, these are related to the use of cement and reinforced concrete. Their widespread implementation across various Ibero-American regions (Rainer, 2008; Guerrero Baca, 2019; 2022; Gómez Patrocinio et al., 2020), took place in earthen buildings in central and northwestern Argentina beginning in the early 1940s (Herr, 2024) and continued into the early 21st century (Tomasi and Barada, 2020; 2021).

				From the survey conducted, it can be observed that cement mortar was applied to consolidate areas where plaster had fallen off, as “replacement patches,” to reinforce lintels and woodwork (Figure 7a), and to replaster exterior (Figure 7b) and interior surfaces. These interventions varied in terms of their extent (widespread or localized) and the thickness of the applied layer. Beyond the negative impact this has on the building’s appearance due to the color variation caused by the different shade, its application affects the thermal properties of the wall and accelerates the degradation of the plaster and adobe. Water ingress—whether due to capillary moisture or rainwater seepage—becomes trapped inside the wall with no possibility of evaporating. 

			

		

	
		
			
				92

			

		

		
			
				ESTOA 29 / Vol 15 / 2026e - ISSN: 1390 - 9274 ISSN: 1390 - 7263

			

		

		
			[image: ]
		

		
			
				 4  The structural consolidation of the Mayorazgo de Anillaco using reinforced concrete can be identified due to the absence of plaster finishes. The interventions carried out at the chapels of Andacollo, Anillaco, and Los Orquera were undertaken by the same team that worked on the Mayorazgo.

			

		

		
			
				As for reinforced concrete, it was used as a base course at the bottom of the walls (Figure 4e) and, as a tie beam, to connect existing structures (Figure 7c).  However, in both cases, material incompatibility due to differences in stress eventually caused the two materials to “separate,” producing the opposite effect of what was intended. Regarding the structures reconstructed in the early 2000s, it is not possible to verify the structural use of reinforced concrete, since the buildings are plastered and lack documentation of the interventions carried out14  .

				As for the alterations, the main ones are observed on the roofs. The mud-brick roof requires periodic maintenance with a partial or total replacement of the material every two to five years, depending on the degree of erosion suffered (Tomasi and Barada, 2021). This task proved difficult for communities that had experienced a migratory exodus, leading to the adoption of various solutions that resulted in either degradation or alterations. In the first case, the mud roofs were retained and layers of cementitious mortar were added, with a waterproofing membrane as the top finish (Figure 7d). This type of intervention, like that applied to plasterwork, has a counterproductive effect, since, if water seeps in, moisture becomes trapped inside. In the second case, the mud bricks were removed to incorporate more durable materials, such as industrially manufactured metal sheets. While the wooden structure was retained in most cases, in one instance it was replaced with metal trusses (Figure 7e). Similarly, in the Chapel of Our Lady of the Miraculous Medal, the technological change involved the construction of a reinforced concrete slab (Figure 7f). 
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				Figure 8: a) and b) Pigeon droppings and a wasp nest in the San Roque and San Buenaventura chapels. c) Fungal infestation (San Roque Chapel). d) and e) Wood-boring insect infestation in the mezzanine and in the beams of the bell towers of the San Buenaventura and Virgen de las Mercedes chapels. f) Nesting of ravine parrots (Santo Domingo Chapel) g) Biocolonization on mud plaster (Virgen de las Mercedes Chapel). (2024).

			

		

		
			
				This intervention warrants monitoring of the structural behavior of the complex, given that one of the most common errors is that the original and added structures function independently because they are not properly connected (Tomasi and Barada, 2021), which is a risk factor in this area of moderate seismic activity (INPRES-CIRSOC, 2018).

				4.3. Damage caused by biological agents

				Biodeterioration involves “a process of material degradation caused by the direct or indirect action of an organism” (De Greef et al., 2020, p. 1), triggering damage of a mechanical or chemical nature, or a combination of both. These occur synergistically with environmental agents, which accelerate and complicate these processes (Rolón and Cilla, 2012). Thus, most of the damage was recorded inside the buildings, especially in the bell towers. Due to anthropogenic factors such as lack of maintenance, the interior suffers from active leaks caused by rainwater ingress, a condition that fosters an environment conducive to biodeterioration due to moisture content and temperature. In contrast, on the exterior, the arid climate and low annual precipitation have a favorable effect in reducing its development.

				Regarding damage caused by animals, the following were observed inside the roofs and bell towers: discoloration of wooden structures due to guano, pigeon droppings (Figure 8a), and wasp nests (Figure 8b). Likewise, inside the San Buenaventura Chapel, recurring bat infestations in the central nave led to the installation of a suspended ceiling as a protective barrier. Furthermore, regarding the identification 
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				of microorganisms, rainwater leaks contribute to creating a high-humidity environment within the wooden structures. This facilitates the introduction of hyphae and fungal attack on the wood. 

				Their activity can be observed through discoloration of the wood and cube-shaped degradation caused by the attack on lignin (Figure 8c). 

				Regarding xylophagous insects, the following were distinguished: isoptera (termites), which leave a powdery surface layer on the outside of the wood and degrade the interior of the wood in a flaky manner (Figure 8d); and coleoptera, commonly known as “bum-bum” bumblebees, found in beams, lintels, and trusses. These are characterized by drill-like boreholes that result in degradation forming internal galleries (Figure 8e). As the infestation progresses, these lesions cause a loss of strength and the failure of structural members. 

				On the exterior, three buildings showed holes in the plaster and adobe resulting from the nesting of Patagonian parrots (Cyanoliseus patagonus) (Figure 8f). In some cases, the extent of their activity is such that the adobe has been bored through its entire thickness. Furthermore, the damage caused by xylophagous insects, observed on the interior, 

			

		

		
			
				Figure 9: Synthesis of the EC and PI for each building. (2025)
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				continues when the affected structural element extends to the exterior, such as an eave or lintel.

				Finally, regarding the mud-brick roofs, the lack of maintenance in the sacristy of the Virgen de las Mercedes chapel facilitated the development of biological colonization (Figure 8g).

				4.4 Overall state of preservation

				In quantitative terms, the analysis revealed that:

				Most degradation processes are caused by atmospheric agents which, combined with an-thropogenic factors, allow water to penetrate the foundation, coping, and roof. The most common types of damage fall under the category of damage caused by material loss (37.1%). 

				Damage falling under the “cracks and deforma-tions” category (24.1%) is primarily attributable to human factors and stems from design errors, poor maintenance, and material defects. 

				Damage caused by biological agents, while not quantitatively significant (6.25%), includes insect infestations (3.31%) that particularly affect the roof and may lead to severe structural damage in the future. 
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				Regarding the state of preservation and intervention priority, 54% of the cases fall into the first quadrant of the attached graph and reflect a good state of preservation and low intervention priority, while the remaining 46% show a fair state of preservation and have a medium intervention priority (Figure 9). Within the first group, the churches in Copacabana and Andacollo stand out for having the lowest incidence of damage, as a result of recently completed interventions. 

				In contrast, within the second group, the chapels in Santo Domingo and Anillaco present the most unfavorable conditions. Although they have an average PI, they differ from other cases due to the deterioration of their roofs, which—given the extent of the damage—warrants intervention in the short term. The remaining buildings require preventive measures, such as monitoring for deterioration and vulnerable areas, as well as regular maintenance, such as the partial replacement of clay tiles on roofs and mortar in plasterwork. Corrective measures are also needed. This last point represents the main difference between those in the “good-low” range and those in the “fair-medium” range. The extent and severity of the damage identified in the foundation, walls, and roofs due to the use of industrial materials determine their condition (EC) and dictate the scope of interventions, which involve the removal of inappropriate materials and their subsequent replacement with compatible materials. 

				In contrast to the damage caused by the introduction of industrialized materials into walls and roofs constructed using vernacular techniques, chapels with concrete sheets or slabs currently show no signs of deterioration. Nevertheless, these structures require monitoring, as the introduced materials alter the behavior of the masonry, and many of the pathological processes can only be detected once the materials cladding the structure begin to deteriorate. Conversely, it should be noted that these alterations do not meet the criteria of compatibility, reversibility, and minimal intervention that guide the conservation of built heritage and violate the principles of the Burra Charter (ICOMOS, 1999 [1979]). As an alternative to these situations, future interventions could incorporate the use of mortars and plasters compatible with vernacular techniques—particularly those stabilized with lime—which improve durability without compromising material compatibility.

				5. Final considerations

				The implementation of the ICOMOS-ISCEAH glossary for the study of damage to earthen architecture made it possible to classify and systematize such damage with a view toward terminological standardization, facilitating comparison with other studies and providing a replicable methodological tool for future research. In this case, the damage detected in the religious heritage sites along the Adobe Route reveals, first and foremost, the synergy between anthropogenic and atmospheric factors in the degradation processes. This recurring pattern reflects, in general terms, a limited understanding of construction systems and vernacular practices in a large portion of the interventions carried out, even though the overall state of preservation of the analyzed buildings ranges from good to fair, with low to moderate intervention priorities.

				Second, the differing intervention approaches between the churches located in the original section and those added later illustrate this point. The former, which benefit from specific heritage protection, demonstrate a learning process regarding past interventions, as there is a tendency to avoid the use of industrialized materials and to prioritize criteria of material compatibility. In contrast, in the added section—which faces the challenge of depopulation—original materials and techniques are replaced in order to achieve interventions that will stand the test of time. However, these significantly alter the interpretation of the heritage site and, in many cases, trigger new processes of deterioration. 

				Thus, the tension between vernacular techniques and the incorporation of industrialized materials highlights the need to design differentiated conservation strategies to ensure the heritage sustainability of the Adobe Route. In the first section, this involves integrating community participation, technical knowledge, and recognition of symbolic values. In the annexed section, it is necessary to first define the social and productive dynamics that promote the conservation of the sites, so that they can be incorporated as a living heritage unit within the cultural itinerary.
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