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Figure 5. Examples of the types of sites encountered in the CDP © authors (1a: defensive site with associated village [Chambois]; 1b: field 
view of the motte; 2a: fortified village [Chazaloux]; 2b: field view of one building inside the latter site; 3: pathway within lava flow; 4: tras 
on cone).

4.	 Tras (16). Corresponding to pastoral temporary habitats, 
they have a specific comb shape. They are well documented 
in the Massif du Sancy, some 30 km to the SW of the CDP 
(Fournier, 1983; Surmely et DeJunter, 2017). Following the 
first LIDAR mission in 2012, a field survey helped clarify 
their use.

3.2. Similarities at the feature scale

Trying to establish a typology common to both study areas 
based on LiDAR images, notably on the basis of domestic, civic, 
and ritual architecture, would be a laborious and probably irrele-
vant exercise. Bioclimatic conditions and multi-century cultural 
trajectories differ too widely, so that a comparison between a 
single-cell house from Western Mexico, where most domestic 
activities take place in an outdoor courtyard all year round, 
and a French medieval house or multi-storeyed fortification in 
a mountain climate where temperatures remain below zero for 
several months in winter, is of no real interest. However, there are 
a number of similarities, which raise questions as to why ancient 
societies settled in what are now considered hostile environments.

At the scale of the archaeological site and its internal compo-
nents, these similarities are of an architectural nature or linked to 
the need to adapt to the terrain. The first point of comparison is the 

use of volcanic rocks for construction. While these are generally 
sourced in situ, there are works documenting quarries used to 
obtain certain rocks with selected properties for construction in 
France (Boivin et al. 2015) or for tool manufacturing in Mexico 
(Quezada et al. 2023). Although in France the use of mortar is 
attested on buildings as early as the 12th century (e.g., châteaux), 
the norm, as in Mexico, is dry stone construction (2b in Figure 5).

Moreover, the management of the ubiquitous volcanic rock 
is not limited to the construction of buildings. The second point 
of comparison is the identification of systematic removal and 
accumulation of outcropping blocks from the rugged surface of 
the flows to level and partition spaces. In Mexico, this strategy is 
expressed in the construction of stepped residential terraces on 
the flow fronts, creating levelled surfaces of tens to thousands of 
square meters (e.g., Malpaís Prieto, Las Milpillas, El Palacio) (1 
in Figure 4). Similarly, volcanic rock was moved in situ to build 
imposing quadrangular platforms. Another material expression 
of these strategies in the MZC is the clearing of activity areas 
within the naturally planar areas of the flows (e.g., El Infiernil-
lo, El Malpaísillo). As a result, these areas are demarcated by 
stone curbs that form more or less angular parcel morphologies. 
Recent works suggest a domestic function, but perhaps also an 
agricultural one (Dorison 2019: 557-562, 2023b; Siebe et al. 
2023: 28-30).
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While residential terraces on lava flow fronts are virtually 
absent in the CDP, enclosures and plots demarcated by dry-stone 
walls in connection with the habitat have been detected and 
likely respond to similar construction modes (by removal and 
accumulation). In addition, LiDAR enabled us to locate numer-
ous well-developed traffic routes (rough pavements, stonework) 
(3 in Figure 5) with locally linear excavations corresponding to 
the repeated passage of carriage wheels. The same strategy was 
applied to the construction of numerous buildings in very rugged 
rocky areas. If we compare these constructions with the natural 
appearance of the lava flow in the continuity of the settlements, 
the LiDAR image clearly highlights these significant but discreet 
levelling efforts as they follow the morphological shapes.

More generally, in Mexico as in France, the sites identified are 
adapted to the specific features of the irregular volcanic surface. 
Enclosed areas occupy micro-depressions. Pathways follow lava 
pressure-ridges. However, when the surface is too irregular and 
obstacles cannot be avoided, localized anthropogenic works are 
clearly visible on the LiDARs (e.g., pitting of holes, incision of 
ridges, levelling of slopes). Furthermore, similarities are also 
noticeable at larger scales.

3.3. Site integration in the environment and exploitation 
of the latter

A feature common to both of the studied contexts is the 
relative altitude above surrounding ground of the blocky flow 
sites. From their position the view dominates the surrounding 
plains and plateaus. Similarly, there is a tendency to settle on 
flow fronts. This can be explained by the progressive mode of 
colonization of these areas and the defensive character that such 
a position provides, as discussed below. The Malpaís Prieto and 
El Palacio sites in Mexico, for example, are strictly confined 
to the front of two particularly rugged flows dated to the Late 
Holocene, dominating respectively a plateau to the north and 
the lacustrine plain to the southeast. A similar situation can be 
observed in France, where the Château de Chambois and the 
Camp des Chazaloux are both built at the front of a lava flow 
dominating the plateau to the west.

However, whereas in France residential areas remain re-
stricted to the edges of the lava flow, in the MZC housing ar-
chitectures often extend much further into the lava flows. This 
inward advance requires a certain degree of sediment formation, 
as at the Malpaisillo, Caracol, and Mesa del Bolsón lava flows, 
which are entirely covered by settled areas. The El Infiernillo 
flow is the most extreme case, since the prehispanic remains 
extend far out onto a very rugged lava plateau, which displays 
very little soil cover and important efforts to level and clear the 
flow’s surface. In France, numerous constructional elements 

other than houses were found within the interior areas of flows, 
which are significantly more covered by sediments than their 
Mexican counterparts. Their function remains enigmatic in some 
cases, but the morphologies suggest grazing areas, woodlands, 
quarries, or cultivated plots.

Concerning the economic exploitation of the lava flows, the 
comparison with the Mexican examples is of particular interest. 
In fact, the settlement sites on the sediment-covered parts of 
the irregular blocky flows of the MZC host a significant agri-
cultural component. There, numerous terraces and cultivated 
plots were built around the houses. A more detailed analysis 
has shown that houses were generally built in those parts of 
the flows that are particularly rugged (e.g., pressure ridges), to 
avoid and leave free the flatter sedimented smoother areas that 
could be cultivated (Dorison 2019, 2022; Pereira et al. 2023). 
In the irregular lava flows of the CDP, the cleared areas and 
identified plots could reflect a similar strategy. Housing would 
be limited to the edges of the lava flows, but their interiors could 
be devoted to different economic activities. This hypothesis is 
reinforced by the identification of occasional terraces blocking 
natural flow zones (e.g., between pressure ridges). This type of 
terrace, known as cross-channel terraces in various geomorphic 
settings, is common throughout Mesoamerica and numerous 
examples can be found in the MZC.

Finally, the communication routes within and between sites 
should be addressed. The existence of roads in the villages of the 
CDP have already been mentioned. More widely, LiDAR-based 
remote sensing has allowed to detect numerous paths, often 
demarcated by low walls and access systems (e.g., ramp paths). 
They link the sites of the flow fronts to each other, to the plateau, 
or to economic sectors within the cheires. In Mexico, apart from 
a few exceptional cases such as the pathways at the El Infiernillo 
site, which take forms that are similar to those observed in the 
CDP, or the access and staircase systems identified at various 
sites, these communication networks are less extended and not 
readily apparent.

4. Discussion

This comparative approach highlights a number of similarities 
between the occupation of rugged young lava flows in the MZC 
and in the CDP, despite their geographical and cultural distance. 
The abundant use of local rocks for dry-stone construction and 
tool-making, the strategies of removal and accumulation to 
level, clear, and delimit spaces, the settlement on flow fronts 
in topographically dominant positions, and the colonization of 
the lava flow interiors for economic reasons are all examples of 
these similarities. On a broader level, it is interesting to note that 
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the sites on malpaíses and cheires briefly presented here do not 
correspond solely to areas devoted to specific activities. Many are 
villages, or even towns, that concentrate the variety of domestic, 
civic and ritual activities inherent in what we should call living 
spaces. This observation calls into question the value given to, 
and the perception of, these rugged lava flow landscapes several 
hundred years ago in France and Mexico.

4.1. Defensive hypothesis

In Mexico, archaeologists traditionally explain the presence of 
settlements on the austere malpaíses as a necessity for defense. It 
is true that many of these settlements appear to have been created 
around the year 1000, at a time of heightened tension between 
groups, as seen by the emergence of warrior castes at the top of 
the social pyramid (Hers 1989; Healan & Cobean 2012) and, in 
some cases, evidence of increased physical violence (e.g., Pereira 
2007). In France, the discovery of cheire sites is relatively recent. 
As a result, few hypotheses as to their origin and purpose have 
yet been proposed. However, the defensive hypothesis is the first 
that comes to mind, particularly for the few sites known from 
the 19th century (Contejean, 1864).

In France, given the distribution of newly identified resi-
dential settlements, the protective character of rugged flows, 
appears obvious and relevant. The sites are in a dominant posi-
tion, exclusively on the fronts of the lava flows, often featuring 
clearly defensive structures, such as fortifications (Figure 6). 
Their field of vision is excellent, both between themselves and 
over the surrounding environment. To validate this hypothesis, 
and focusing on the three lava flows in the western part of the 
CDP where we identified five defensive and seven residential 
sites, we located the features most closely resembling defensive 
structures (motte, tower, castrum) and hypothesized that they may 
have included a wooden tower, as it was frequently the case in 
the 11th century (Bourgeois, 2013). For each point we defined 

a possible height (10 m for the mottes that could have had only 
wood towers, 15 m for the 2 cemented stone towers and 33 m 
for the highest tower of Pontgibaud castle). Then, we carried 
out a visibility analysis from each point. The result shows two 
complementary aspects: the very good visual coverage of both, 
the lava flow and the plateau, and the interconnection between 
defensive sites, enabling them to communicate with, or to sur-
veil each other. In Mexico, this hypothesis might also be valid, 
since several settlements are similarly situated, and some also 
feature ostentatious defensive features. Malpaís Prieto is the best 
example, with its rampart-like terraces and excellent visibility 
over the plateau it dominates (Figure 6).

Nevertheless, there are a number of arguments that belie 
this over-simplistic explanation. If only in terms of visibility, 
we note that in Mexico, the major contemporary urban centers 
of the MZC have very limited visibility of each other (Dorison 
2019: 610-611). Even more striking, the detailed study carried 
out in the MZC has shown that human colonization of the mal-
países began well before the year 1000 and the period of social 
unrest mentioned above (Dorison ibid.). Similarly, in the CDP, 
all settlement sites are associated with other developments, such 
as walled roads, quarries, and enclosed plots. Thus, the coloni-
zation of the interior of the sediment-covered parts of lava flows 
in both study areas clearly indicates motives that are different 
from purely defensive purposes.

4.2. Economic hypothesis

Indeed, in Mexico, despite certain taphonomic biases (e.g., 
destruction of structures in today’s cultivated areas, greater 
sedimentation rate in the ancient lacustrine plain), the number 
of residential sites on lava flows in the MZC is high, reflecting a 
cultural choice by prehispanic populations to settle preferentially 
in these specific environments. The prehispanic pattern is thus 
almost opposed to colonial and present-day settlement predilec-

Figure 6. 3D views of archaeological sites on lava front (left: Malpaís Prieto city, MZC; right: Château de Chambois, CDP) © authors.
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tions near the lake’s shores. In France, although the situation is 
far from being clear, the evidence of economic development in 
the interior of the lava flows associated to housing sites at its 
margins, suggests that the appeal of the cheires was also not 
limited to their defensive character. This is further evidenced by 
the distribution of sites classified as essentially defensive (motte 
or castle), the majority of which occupy promontories on the 
plutonic plateau rather than on the cheires’ edges.

The more intense colonization of the interior of the rugged 
lava flows in Mexico can perhaps be explained by the Meso-
american technical and cultural background in the practice of 
agriculture. As already mentioned, prehispanic agriculture was 
manual, with no cattle or draught animals. Cultivating sedi-
ment-covered areas between outcrops of stony lava flows was 
therefore not a major constraint. Moreover, the soils of the MZC 
developed from parental tephras intermediate in composition 
(andesites, basaltic andesites), ensure high chemical fertility in 
addition to good physical properties. Previous work has shown 
that, from a prehispanic agricultural perspective, cultivating in 
and around the MZC was safer for crops than trying to drain the 
hydromorphic soils bordering the ancient lake (Dorison 2022).

Western agricultural know-how and traditions in the CDP 
differ widely. It would be reductive to attempt to apply the 
same model. Nevertheless, the archaeological traces revealed 
by LiDAR suggest the existence of rock quarries and agricul-
tural plots. From the 12th century onwards, written documents 
(grazing contracts, deeds of sale) mention these activities in 
the cheires, and from the 17th century onwards, other sources 
such as lawsuits, land registry plans, and forestry administration 
archives confirm that the cheires were exploited and coveted 
territories where village communities and local lords clashed to 
control usage and income (Puy-de-Dome Department’ Archives, 
AD63-16H142, 1642; AD63-2E931, 1748). Soil fertility is less 
homogeneous than in the MZC. The local pedology is complex, 
notably as a result of the alternation between episodes of mafic 
and sialic volcanic explosive eruptions in the history of the CDP 
(Boivin et al., 1982). Nevertheless, the cheires soils are far from 
being devoid of agricultural potential, which was very probably 
exploited by the villages of the flow fronts when they were in-
habited, and even by communities living on the nearby plateau.

Finally, quarries are important areas of economic activity in 
both study contexts, for the supply of specific building materials 
in the CDP and for lithic tools in the MZC.

Taken together, these elements indicate that lava flows played 
a much more important role in the economy of village commu-
nities at certain periods in history, in Mexico as in France. It is 
noteworthy that, despite the cultural and geographical distance, 
the period of greatest activity in these particular contexts seems 
to be between the 13th and 15th centuries CE. However, this 

observation needs to be put into perspective. In France, there 
are not enough reliable dates to build a solid argument on this 
point, while, in Mexico, recent works have shown that occupation 
of the rugged flows began well before this period. Cheires and 
malpaíses were an integral part of the socio-economic landscapes 
and settlement dynamics of the periods concerned, and were an 
essential component that regressed after the French Revolution 
in the CDP and after the Spanish colonization in Mexico.

4.3. A long-term view: rise and decline of anthropogenic 
features on rugged lava flows

These marked changes in the perception of rugged lava flows 
over time have significant repercussions on their evolution as 
landscapes. LiDAR imagery enables us to assess the distribution 
of their components on an unprecedented scale. While they 
reveal only part of the remains—those that have left traces on 
the surface—they also shed light on overlaps, superimpositions, 
and the partial or total destruction of older structures. In other 
words, they also give us direct information on the evolution of 
practices and perceptions. The forms detected and studied in this 
work were born of settlements in the cheires and malpaíses. They 
ceased with their abandonment, in the 15th century in Mexico and 
probably around the same time in France. Even though they are 
forgotten, they are still part of the environment, although they 
go unnoticed to the untrained eye. By many, they are considered 
as natural elements and also treated as such.

With the Spanish colonization, the Zacapu region experienced 
rapid marginalization of the malpaíses, which became arbitrari-
ly divided by the walls of haciendas now lost in the middle of 
the woods. European-style farming conquered the shores, then 
drained the lake and became extensive. Today’s farmers are con-
fronted with frequent waterlogging in many areas and, by their 
own admission, often prefer the plateau soils around the MZC, 
which are less risky for crops, even though the complex ancient 
agricultural management of the malpaíses has been totally for-
gotten. In recent years, the privatization of common lands has led 
to the expropriation and forceful re-exploitation of the “natural” 
landscapes they constitute. With the help of larger investments 
and heavy machinery, avocado trees with deep roots are planted 
in fenced-in fields, while in other areas of the MZC trucks are 
driven onto the lava flows to be filled by cut oak trees (Figure 7).

In the CDP, several villages and their associated terroirs have 
also undergone profound changes since they were abandoned. 
For instance, the ancient village of l’Estrade, mentioned in texts 
up to the 15th century (Fournier et Grelois, 2023), disappeared 
from memory before the 18th century (Figure 8). The village 
and its land became a common grazing area, undivided between 
several villages. By the end of the 18th century, however, plans 



Antoine Dorison, Yves Michelin | 1277 

Figure 7. Destruction on El Infiernillo archaeological site (left: view of a truck path and deforested area; right up: satellite image showing 
the deforested area; right down: LiDAR image showing the destroyed part of the prehispanic urban site). © First author

Figure 8. Evolution of the cadaster at l’Estrade archaeological site. The image shows that the village lies inside a single common property plot 
on the Napoleonic cadaster, whereas the latter has been fragmented and the village partially destroyed to create the current cadaster. © Author

In the field 2022 

~ Napoleonic cadastre (1823) 
L..1!:.J 
D Current cadastre 
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and texts show the beginnings of individual appropriation, as 
also observable on LiDAR images. The part of an ancient parcel 
of land contemporary with the ancient village was probably 
reorganized in the early 19th century, as it no longer appears on 
the 1765 terrier map, and another parcel covering it is present 
on the 1822 Napoleonic cadaster. Other plots of land cut out 
part of the old village. They are not recorded in the Napoleonic 
cadaster, but are registered on the current one, which suggests a 
later appropriation. Another example is the detection of disrupted 
parcel systems and road networks that result from the vast forest 
replanting on cheires that took place between 1880 and 1930, 
and again between 1986 and 1988, this time with the support of 
heavy machinery, following the devastating 1982 storm.

Since 2018, the cheires have been part of the “Chaîne des 
Puys – Faille de Limagne” site, which is inscribed on the UN-
ESCO World Heritage list as an “important tectonic area”. This 
listing helps to protect them. In the minds of the managers, the 
idea was to promote the notion of a site whose natural aspect 
stemmed from pastoral and forestry management practices which, 
because they were based on local geomorphic specificities, 
maintained this natural aspect. However, as past and present 
human activities are virtually invisible to most visitors and even 
to many scientists, it is difficult to integrate traces of this past into 
management schemes. In this respect, all the discoveries made 
with LiDAR images are helping to raise awareness: although 
these areas may look natural, they are not pristine, but humanized 
areas, whose ecological richness is also the result of its history. 
This is not a unique phenomenon, as noticed by several authors 
in both America and Europe.

The rugged flow landscapes of the MZC and CDP are more 
complex than they appear. In addition to geoecological legacies, 
they also harbor cultural heritages. The two are inseparable. 
Today, this subtle balance is being called into question both by 
environmentalists, who reject all human activity in the name 
of protecting an idealized “nature”, and by certain local or 
exogenous developers, who see these marginal areas only as a 
potential resource to be exploited, sometimes at catastrophic 
environmental and social costs. It is therefore necessary to con-
sider new management methods, integrating their heritage value 
and the local people’s needs. Documenting this history, both 
natural and human, and disseminating it, as we are attempting 
to do, is a first step.

5. Conclusion

Today, many people regard rugged flows resulting from 
monogenetic volcanism as an immutable environmental heritage, 
materializing the action of forces of nature, from which humans 

place themselves as observers (see Descola 2005). Apart from 
this vision, these areas, where rocky outcrops are omnipresent, 
are generally marginalized. In the CDP, their inclusion on 
UNESCO's World Heritage List gives them a certain degree of 
protection, and their tourist appeal integrates them into current 
economic dynamics, while at the same time freezing them 
into a perception that opposes nature and culture. In the MZC, 
non-compliance with regulations and land privatization policies 
makes these areas prone to abuse.

However, our modest comparative approach shows that ar-
chaeology and, in particular, the contribution of modern remote 
sensing techniques, reveal another facet of the history of these 
geoforms. It shows that ancient occupation of these flows was 
more widespread and more common than previously thought. 
The diversity of morphologies observed reflects a diversity of 
forms of exploitation and a difference in perception of these 
areas at certain times in history. Far from being depreciated, 
cheires and malpaíses constituted geoecological contexts that 
were not marginalized in past times, but fully integrated into 
local socio-economic and territorial dynamics.

Odds are that these observations are not limited to the Mex-
ican and French examples documented in this study. In fact, this 
work raises the question of how to design new management strat-
egies for this type of geological formations and, more broadly, for 
so-called “natural” areas. Malpaíses and cheires are not entirely 
natural areas. They have been intensively used by humans in the 
past, in the same way as other allegedly “natural” landscapes in 
France (see Ballut & Michelin 2014 for instance), in the Maya 
tropical forest, where the extension of archaeological sites has 
recently been revised upwards by LiDAR missions (Canuto et al. 
2018), or even the “virgin” forest of Amazonia, once occupied 
by networks of prehispanic urban sites (Heckenberger 2020; 
Rostain et al. 2024). Current discoveries of hidden aspects of 
environments and the integration of humans into them, driven 
by technological advances such as LiDAR, invite us to reeval-
uate and reconceive our environmental heritage with both, its 
anthropic and natural dimensions, while considering the concrete 
needs of current local populations.
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