
HAL Id: hal-04544852
https://hal.science/hal-04544852v1

Submitted on 6 Jan 2025

HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.

L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.

Distributed under a Creative Commons Attribution 4.0 International License

Investigating human activities in caves through the
study of broken structures: The case of the Saint-Marcel

cave (France) during the early Holocene
Jean-Jacques Delannoy, Jules Kemper, Stéphane Jaillet, Edwige

Pons-Branchu, Ségolène Vandevelde, Arnaud Dapoigny, Delphine Dupuy

To cite this version:
Jean-Jacques Delannoy, Jules Kemper, Stéphane Jaillet, Edwige Pons-Branchu, Ségolène Vandevelde,
et al.. Investigating human activities in caves through the study of broken structures: The case of the
Saint-Marcel cave (France) during the early Holocene. Journal of Archaeological Method and Theory,
2024, 31, pp.1543-1569. �10.1007/s10816-024-09649-6�. �hal-04544852�

https://hal.science/hal-04544852v1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://hal.archives-ouvertes.fr


Page 1/32

8000-6000 year-old anthropically broken stalagmite
structures up to 2km deep in the cave of Saint-
Marcel, France: Traversing and using underground
caves during the Early Holocene.
Jean-Jacques Delannoy  

 
Université Savoie Mont Blanc

Jules Kemper 
Université Savoie Mont Blanc

Stephane Jaillet 
Université Savoie Mont Blanc

Edwige Pons-Branchu 
University of Paris-Saclay

Ségolène Vandevelde 
Université du Québec à Chicoutimi

Delphine Dupuy 
Aix-Marseille University

Arnaud Dapoigny 
University of Paris-Saclay

Research Article

Keywords: Broken speleothems, anthropic structures, archaeo-geomorphology, U/Th dating, Late Upper
Palaeolithic, Cave of Saint-Marcel - France

Posted Date: October 19th, 2023

DOI: https://doi.org/10.21203/rs.3.rs-3457638/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-3457638/v1
https://doi.org/10.21203/rs.3.rs-3457638/v1
https://creativecommons.org/licenses/by/4.0/


Page 2/32

Version of Record: A version of this preprint was published at Journal of Archaeological Method and
Theory on April 10th, 2024. See the published version at https://doi.org/10.1007/s10816-024-09649-6.

https://doi.org/10.1007/s10816-024-09649-6


Page 3/32

Abstract
The cave of Saint-Marcel is known for its extensive network (64 km of galleries) and its history of human
occupation (Middle Paleolithic and Neolithic) in the entrance area. Close observation of the main network
reveals areas with high concentrations of broken speleothems, which are usually attributed to the �rst
tourist visits of the 19th century. However, archaeo-geomorphological mapping of the broken
speleothems, many of which are lying on the �oor and sealed by stalagmite regrowth or crust, indicates
intentional organisation of the underground space into speleothem supply zones and zones in which the
speleothems were used to build structures. Age estimates of the stalagmite seals on these human-made
structures suggest that the structures were a result of human activity that occurred between the end of
the Upper Palaeolithic and the European Mesolithic. These age estimates radically change the way we
look at the broken speleothems in the cave of Saint-Marcel and the structures associated with them. They
bring to light the engagement of past human communities with the deep underground environment, at
more than 1.5 km from the cave entrance, which can only be accessed by crossing obstacles (pits) that
are considered to be di�cult to cross today. Our �ndings as well as ongoing research highlight the
unequivocal archaeological signi�cance of the cave.

1. Introduction
Over the past twenty years, research on the modi�cations of natural cave systems by early human
communities has received much attention. The identi�cation of anthropic structures dating back to the
Upper and Middle Palaeolithic in the caves of La Garma (Spain), Aldène, Les Trois Frères, Chauvet-Pont
d'Arc, and Bruniquel (France) and the profound transformations made by the past communities that
occupied archaeological sites in Australia (Nawarla Gabarnmang, Borologa) has substantially changed
the way we look at the engagement of human communities with spaces that have been considered as
remote or not very conducive to use or visit (Ontañon, 2003; Bégouën et al., 2007, 2009; Delannoy et al.,
2012, 2013; Rossoni-Notter et al., 2016; Jaubert et al., 2016; Verheyden et al., 2017; Arias and Ontañon,
2020; Urwin et al., 2022).

Evidence of human activity in cave areas that are far from the entrance brings to light past communities’
incursions into underground spaces, sometimes beyond obstacles that are di�cult to get around (narrow
or vertical sections, lakes), and people’s desires to mark these spaces. These actions, sometimes minimal
(moving a block, a speleothem, or a skull), sometimes signi�cant (building structures made of blocks or
speleothems, removing material, gutting out of rimstones or gours) are unequivocal evidence of past
societies’ appropriation of underground spaces. Alongside cave art, these transformations of
underground environments, which are sometimes far from the entrance, provide new insights into how
past societies engaged with these extraordinary spaces that were on the fringe of their usual territory.
Within this context, anthropic structures that have been recently identi�ed in the deep networks of the
cave of Saint-Marcel have become a research focus. Results of archaeological research in the entrance
and �rst gallery of the cave indicate Middle and Upper Palaeolithic occupation at the entrance and
terminus of the �rst gallery section (foot of the pit) and Neolithic occupation in the spaces immediately
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after the entrance (Gilles, 1986; Moncel, 1998; Szmidt et al., 2010; Lateur et al., 2023). Ongoing work as
part of the Archéologie du réseau de Saint-Marcel d’Ardèche program (under the direction of D. Dupuy)
has revealed evidence of animal and human visits beyond the �rst pit and into the part of the cave
containing infrastructure for contemporary tourists (Fig. 1). There are substantial breakages of
stalagmite edi�ces and numerous speleothems lying on the �oor in several sections of the main gallery
after the tourist area and up to the terminus of de Joly’s excavations. While accounts of vandalism and
presence of broken speleothems strewn across the cave �oor soon emerged after the rediscovery of the
cave in 1838 (de Valgorge, 1846; d’Albigny, 1879; Martel, 1888) and the breaking and looting of crystals
from gours continued until the second half of the 20th century, the speleothems in the main gallery
appear to have been broken off at a much earlier time. We found evidence of stalagmite regrowth on
stumps where stalagmites have broken off; various human-made speleothem structures (steps,
alignments, clusters) are sealed by recent stalagmite deposits that are thick in some places (Fig. 2).
These observations suggest human activity that predates that of the last two centuries and are the
motivation of the research presented in this article.

Research carried out on anthropic structures in the Chauvet-Pont d’Arc cave (Delannoy et al., 2012 a, b)
and the Bruniquel cave (Jaubert et al., 2016) has drawn attention to assemblages of broken speleothems.
As a result, research began in 2018 in the cave of Saint-Marcel, focusing on the sectors containing
organised structures of speleofacts, which are speleothems that have been manipulated by humans
(Fig. 3). In order to avoid bias in research analyses and observations, no a priori assumption was made
with respect to the ages of the features found in the cave. The goal was to, �rst, examine the organisation
of the speleofact structures, relationships between the structures and the broken stalagmites, and the
chronology of the structures within the context of the evolution of the cave (Bannay, 2019; Burnet, 2022).
High-resolution spatial mapping provided indications of the ages of the structures and was used to
develop a robust relative chronology of the major events that marked the underground landscape. Timing
of events was determined using Uranium/Thorium (U/Th) dating of broken stalagmites that are on the
�oor (or recumbent stalagmites) and stalagmite regrowths. Results form the basis for our discussion of
the relationship between the spatial organisation and human use of the cave in (pre)history.

The research was focused on three key areas of the cave: the Colonnes, Colonnades, and Massacre des
Colonnes sectors (Fig. 3). These sectors were selected because they contain (i) large numbers of stumps,
which are remnants of standing stalagmites, (ii) different generations of broken stalagmites and
regrowths, and (iii) anthropic structures comprising large numbers of broken stalagmites (Bannay, 2019;
Burnet, 2022). In addition, there are traces of human intervention (e.g., displaced blocks, clay extraction,
and gutted out gours) in these and neighbouring sectors. Lastly, to reach these sectors, which are
relatively far (over 1.5 km) from the natural cave entrance, people would have to get over several
obstacles that are di�cult to negotiate without tools or modi�cations of the landscape (e.g., ladders or
carved steps). This article focuses more speci�cally on the Colonnes sector, where all the features
mentioned above are concentrated, and where our understanding of the broken stalagmites, their
distribution and absolute chronology is the most advanced.
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2. Geography of broken stalagmites and associated anthropic
structures
From the outset, the study of stalagmite breakage and speleofact structures in the cave of Saint-Marcel
has been anchored in the spatial understanding of the features that can be seen in the cave. Our study
includes identifying the relationships between the stalagmites that have been broken and those that have
been integrated into the human-made structures, studying the organisation of the structures, and
understanding the relationship between the components of the structures and the relative chronology of
various human activities and natural processes (natural breakage, calcite deposition). This entire set of
information was then used to identify the sectors for absolute dating (see Section 3). 

For our study of the geography of the observed cave features, we created a high-resolution map using
two different methods: laser scanning was used for entire study sectors and photogrammetry was used
for the anthropic structures. In the three study sectors, surveys were carried out using a phase-shift
terrestrial scanner (Faro Focus 3D). Several hundred scenes, each with 7 million points (quality of x3),
were acquired. They were consolidated using the sphere method and the point clouds were cleaned using
3DReshaper. The �oor was separated from the vaults and ceilings and rasterised using CloudCompare
(grid size of 1 cm). The raster images were produced from the Digital Terrain Model (DTM) and shaded or
slope maps (Jaillet et al., 2017) were generated using QGIS 3.16. In the Colonnes sector, a
complementary series of photogrammetric data were collected after the removal of a thick coating of
clay. The 231 photos acquired with a Nikon D810 APN were processed in Photoscan to produce a three-
dimensional model with 162 million points. This very high-resolution model (sub-millimetre) was used to
conduct a detailed analysis of this key sector, where over 90 speleofacts are arranged on the �oor. The
analysis was conducted after the speleofacts have been cleaned meticulously; the speleofacts were
covered by a thick layer of clay that has been deposited by visitor and speleologist tra�c due to the
presence of clay soils on both sides of the study sectors. The clean-up uncovered broken stalagmites that
were hidden beneath the clay; it enabled us to clearly identify connections between broken stalagmites
and the relationship between broken stalagmites and the underlying soil.

We used the DTM for archaeo-geomorphological mapping and identi�ed the various natural processes
and human activities that were responsible for the current architecture of the Colonnes area. While this
mapping exercise is based on the principle and experience of geomorphological mapping that have been
acquired during the mapping of the �oors of Chauvet and Garma caves (Delannoy and Geneste, 2020;
Arias and Ontañon, 2020) it has been enriched with new cartographic terms (e.g., superposition,
interlocking, presence of wedges, sealing by stalagmite deposits) to facilitate detailed descriptions of the
relationships between various structural elements and those between the elements and the evolution of
the cave (Fig. 4). Our aim is to track all the natural processes and human activities that were responsible
for the creation of the landscape that is currently visible in the Colonnes area and to highlight
(in)coherences in morphologies (Fig. 5).
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We mapped all the visible objects that are on the �oor, associated each object with a speci�c process,
examined the various links between mapped objects, and established a relative chronology (i.e., object A
is older than object B and younger than object C). As a result, a status was conferred to even the minutest
element, including stalagmite regrowth at the centimetre scale and micro-impacts from strikes. This
cartographic absolutism required us to consider all elements involved in the creation of the landscape
and, above all, examine the presence or absence of speci�c objects, their status, and their history. This
approach enabled us to identify the following elements (Fig. 6):

1- In the northern sector of the Salle des Colonnes, there is a major structure consisting of an alignment
of 69 broken stalagmites and 23 limestone blocks on the ground. The broken stalagmites that make up
this structure are relatively large in size and diameter (the largest ones are 60-100 cm in length and 18-38
cm in diameter) (Fig. 7). Regrowth that is several centimetres thick was found on several recumbent
stalagmites. Similar regrowth can be seen on various stalagmite stumps in the vicinity of the structure.
Stumps that are blackened by a thick, hardened soot deposit can also be seen in the same area.

2- At the southern end of this �rst structure, recumbent stalagmites were found on the outer rim of a gour
that predates the structure. In addition, a piece of broken column (160 cm long with average diameter of
34 cm) lies on the same outer rim of the gour (generation 3); it is wedged in by smaller broken
stalagmites and slightly sealed by a calcite crust (generation 5). This �rst piece of the column lies
perpendicularly to a second piece of the same column (170 cm long with average diameter of 39 cm); the
second piece rests against the inner rim of the gour and shows no traces of impact that could be
associated with the fall of the column. The end of the column that is on the top of the gour is partially
sealed by a calcite deposit that overlays the gour rim (generation 4). (This feature is hereafter referred to
as Feature A.)

3- Continuing along the direction of the �rst structure into the central area of the room, which is rich in
speleothems (median sector, Fig. 6), there are numerous recumbent stalagmites (136); they are sealed by
a �owstone pavement that is fed by active stalagmites and �owstones (generation 4). In the same central
area, there are many smaller broken speleothems (30) at the bottom of the immersed gours; they
probably came from the numerous broken stalagmites that are in this area, as well as from more recent
extractions of calcite crystals. Numerous stalagmite stumps (on the ground or on the edges of stalagmite
edi�ces) are sealed by recent regrowth (generation 4).

4- At the edge of the central gour, two paths go around the towering stalagmite column; along both paths,
there are stalagmite stumps and recumbent stalagmites sealed by calcite crust. The path on the right
(west) features an arrangement that forms a “staircase” that crosses the inner rim of the gour. On the
outer rim, there is a similar arrangement of recumbent stalagmites.

5- Below this central space, numerous recumbent stalagmites can be seen along the outer rim of the gour
and below the central stalagmite edi�ce (southern margin, Fig. 6). Approximately 80 speleofacts are thus
arranged along the left wall of the passage that leads southwards to the main gallery beyond the central
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stalagmite edi�ce. These speleofacts are partially sealed by a thick deposit of moonmilk that is present
at the bottom of the gours that �ow from north to south through the gallery.

Over the entire mapped area, more than 350 recumbent stalagmites were identi�ed (Table 1). This
number only takes into account visible elements; elements that are covered by moonmilk and with size
and morphology that resemble broken speleothems were not taken into account. Over 172 stalagmite
stumps were found in the same geographical area, including 68 with calcite regrowth. It is interesting to
note that the diameters of the stumps near the �rst speleofact structure (northern sector) are generally
well below the diameters of the speleofacts that are integrated into the structure. In the same sector, the
number of stumps is also far below that of the speleofacts in the structure.

Mapping data reveal a difference between ancient and recent stalagmite breakages on the eastern
margin of the Salle des Colonnes. Ancient breakages are always located at a certain height from the
ground (5-10 cm), whereas more recent ones are systematically �ush with the ground. The presence or
absence of regrowths and patinas are also used in the differentiation between ancient and recent
breakages. This difference in breakage type is even more striking in the Colonnades sector and suggests
that different actions were taken to achieve different goals. In this section of the gallery, people have also
extracted crystals by breaking off the edges of gours and �owstones; debris from this looting can be seen
at the bottom of the gours and in the hollows dug into the �owstone.

Taken together, these observations provide a clear indication of the anthropic origin of the structures of
broken stalagmites. The structures are characterised by speleofacts that were aligned with each other
and sometimes wedged in place with smaller elements. An aerial view of the study sector indicates an
arrangement that extends over the entire length of the mapped area. In the southern margin and the
northern and median sectors, structures are sealed by stalagmite regrowth or crust, �owstone, or
moonmilk; this indicates that the structures are linked to a history of past human occupation. The
appearance of the speleothems and the actions that led to their breakage differ from those associated
with more recent breakage and looting. This difference can also be seen in the numbers of stalagmite
stumps and recumbent stalagmites that are visible (Table 1). In the case of recent breakages, there are
hardly any stalagmite tips on the ground, indicating people’s desires to take the speleothems with them
as trophies. In the case of ancient breakages, almost 40% of the stalagmite tips are visible, on the ground,
and integrated into the structures. There is certainly a difference in the intentions behind recent and
ancient breakages. The question of the origin of the broken stalagmites still remains: did the stalagmites
break naturally or were they broken by humans? Given the large number of broken speleothems in the
cave, the possibility of breakages caused by seismicity immediately comes to mind. However, the
diversity in the diameter of the broken stalagmites and location of the breakages (top, bottom, or
outgrowths of �owstones or large stalagmite edi�ces) does not correspond to seismic breakage, even if
such a hypothesis cannot be totally ruled out for certain breakages, given the proximity of Saint-Marcel
cave to active faults with recent activity (Teil earthquake, 11 November, 2019) (Gilli, 2000, Lacave et al.,
1999, 2004, 2011; Pons-Branchu et al., 2004). Extraction of the clay substratum could have also caused
the stalagmites to break. Several examples can be seen in the cave (in Galerie du Lac and Trou de l'Enfer
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in the main gallery); however, the breakage mechanism in these sectors is different (e.g., tilting, stress
cracks distributed throughout the columns) from that observed in the study sectors, where the bedrock is
relatively close. Finally, we note that as soon as we cross the former terminus of the main gallery (beyond
the chatière De Joly that was widened in 1947), the number of broken speleothems is much lower.
Stalactites that have fallen from the ceiling could be related to earthquakes. Broken stalagmites and
columns are generally associated with clay extraction or recent breakage. Without totally ruling out
natural causes, careful examination of old stalagmite stumps indicates that the stalagmites have been
broken by intentional strikes, although interpretation is often delicate where there is stalagmite regrowth
or patina. In the case of the most “recent” breakages, strike impacts are particularly visible.

Regardless of the cause of breakage, broken stalagmites have been moved, transported, and arranged on
the ground by humans to build structures. It is interesting to note that in the Colonnes sector, particularly
for the speleofact structure in the northern sector, a large number of the speleofacts did not originate
from the immediate surrounding area. The number of stumps (20) in the vicinity of the structure (92
elements including 20 stalagmite tips) is small, and the diameters of the stumps are well below those of
the recumbent speleofacts. Stump diameters range from 6 to 15 cm, with 60% around 10-12 cm;
speleofact diameters are between 25 and 12 cm, with 48% over 20 cm. By matching the diameters of
speleothems across the study sector, we found that most of the speleofacts in the structure in the
northern sector originated from the central area of the room, and perhaps from edi�ces that are further
north. 

All the data from the mapping and �eld surveys highlight deliberate human modi�cation of the
underground space. Large numbers of broken speleothems have been used to build structures and the
time at which these activities took place remains to be determined. The breakages of the pieces that form
these structures differ from “more recent” ones associated with looting. While close observation of the
structures enables us to identify a relative chronology between human activity and natural processes
(calcite deposition), only absolute dating can place these events within the history of the cave and human
use.

3. Dating the speleofact structures in the Salle des Colonnes
Using archaeo-geomorphological mapping, we identi�ed various morphogenetic dynamics and placed
them into a robust relative chronology. At this stage of the study, the following sequence can be proposed
for the Colonnes sector:

-1- There was an intense period of speleothem formation, which resulted in the central stalagmite edi�ce
and its associated columns and stalagmites. The �ows feeding these speleothems contributed to the
formation of the central gour, which has a depth of 0.7 m. Water over�owing from the gour fed the
northern and western peripheral zones and created a system of secondary gours that face the
downstream direction of the gallery. A gour with a height of 1.2 m forms the southern limit of the study
area (a metal footbridge now crosses it).
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-2- Calcite continued to be deposited on the edges of the stalagmite edi�ce and on the outer rim of the
central gour and gave rise to numerous smaller stalagmites. The presence of small stalagmites on the
outer rim of the central gour indicates that the activity of the gour had reduced, at least on the western
�ank.

-3- It is after these phases of speleothem formation that the stalagmite breakages occurred: the
stalagmite stumps in the central part of the gallery, the breakage of the speleothems on the outer rim of
the central gour, and the breakage of the stalagmites at 15-30 cm above ground in the low-lying area are
all related to this episode.

-4- After the speleothems were broken, structures were built by the juxtaposition of broken speleothems
over several meters (8 m). The major alignment comprises 92 elements that have been calibrated
lengthwise and on which strike marks are visible. Without a reference point in time, we are unable to
estimate the length of time between episodes 3 and 4. The two episodes may be part of the same task
sequence, or may have occurred during different times of occupation.

-5- The presence of regrowth on both the stumps and the recumbent stalagmites suggests a new phase
of calcite deposition similar to the one that created the gours in the northern and western low-lying areas.
The gours were fed mainly by the stalagmite edi�ces to the north of the Salle des Colonnes. There is a
thick deposit of moonmilk in the gour pools. Temporary �ooding of gours resulted in a slight over�ow,
which is responsible for the off-white deposit on the stumps and recumbent stalagmites.

-6- Recent events in the room include recent breakage of stalagmites at their bases �ush with the ground,
looting of crystals in the gours, and covering of the �oor and structures by a thick clay mass as a result of
visitor tra�c.

In order to calibrate this sequence of events and determine when the structures were built, samples were
collected for U/Th dating by micro-coring (Fig. 8). They were obtained from two types of target features:
stalagmite tips that are part of the anthropic structures and regrowths on both stumps and recumbent
stalagmites. Targeting these two types of features provides constraints for age estimates of the
speleofact structures. Samples were also taken from the top and the outer rim of the central gour in the
direction of the main structure to provide more information on Feature A, which consists of two elements
of the same column resting on the top and on the outer rim of the gour that are sealed together by a
calcite crust (see Section 2). We used micro-cores with outer diameters of 12 mm to limit visual impact
and ensure conservation of the site. The micro-cores provided su�cient sample material for stalagmite
dating. To have su�cient material to analyse the dark-coloured materials trapped in the calcite of the rim
of the central gour, we obtained a second sample of a larger diameter (32 mm) on one occasion.
Particular attention was paid to facies change in all the cores in order to differentiate between the calcite
of stalagmite regrowth and that of the broken stalagmites. 

A diamond microsaw was used to remove samples for dating. For the cores of regrowths, the bottom part
of the core, which is the oldest part, was sampled. For the cores of the tips of recumbent stalagmites
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without regrowth, the top part, which is the youngest part, was sampled. In the case of stalagmite tips
with regrowth, detailed examination of the facies, particularly along the direction of layering, enabled us
to distinguish the phases and sample accordingly (Fig. 9). Samples of between 50 and 200 mg were
dissolved in dilute hydrochloric acid, and the Uranium and Thorium fractions were puri�ed on a U-TEVA®
ion exchange resin. An MC-ICPMS Neptune plus™ mass spectrometer was used to determine the isotopic
composition. For more information on the protocols and procedures that were used, please refer to Pons-
Branchu et al. (2014). Age estimates were calculated from isotopic ratios and were corrected for the
detrital fraction; 230Th/232Th activity ratio of the detrital fraction was assumed to be 1.5 ± 0.75 (Table 2).

4. Discussion: Evidence of anthropic structures from the late Upper
Palaeolithic to the European Mesolithic
The results of the U/Th dating of the speleothem samples enabled us to determine the absolute
chronology of the cave on the basis of the relative chronology that was established from the �eld
surveys. First of all, the general features of the Salle des Colonnes were formed before the �rst half of the
Quaternary, as indicated by the age of the upper part of the central gour. Samples C31 and C32, which
were at a distance of 3 cm from the upper lip of the gour, were dated to around 270,000 years before
present; this is consistent with the age of the samples that were at a depth of 2 cm from the outer rim of
the same gour (250,000 years old). Given that the gour is 0.7 m high, the creation of the gour and the
central edi�ce that feeds it dates back to earlier times.

Stalagmite growth developed during isotopic stage 5, as indicated by the large numbers of speleothems
that are between 125,000 and 70,000 years old; speleothems that are around 50,000 years old are also
present. The speleothems are mainly in the central area of the room, sealing the western rim of the central
gour; in the rest of the room, they are present on the bases of the gours or on raised parts of the �oor,
notably on blocks that have fallen from the ceiling. These dates are only for the broken stalagmites
(speleofacts) that are part of the human-made structures. The youngest broken stalagmite tips are
around 10,000 years old, i.e., in the early stages of isotopic stage 1 (Holocene). The youngest stalagmite
tip that is part of a speleofact structure is 8,210 years old (core C18; Fig. 10).

Age estimates of stalagmite regrowths show very strong spatial coherence. In the median sector (the
centre and rims of the central gour), regrowths on stumps and aligned speleofacts are mostly between
8,209 and 6,060 years old. Many of them are around 7,500 years old. The youngest regrowths are 4,581-
3,661 years old. For the major structure of 69 aligned speleofacts (northern sector), regrowth age ranges
from 5,850 to 3,100 years old. Samples from the southern edge of the stalagmite edi�ce in the median
sector also have ages of the same order; they were obtained from the regrowths on the recumbent
stalagmites (speleofacts) that have been arranged as steps on the �ank of the �owstone. Of the 49 age
estimates, the youngest ones are between 3,000 and 1,970 years old, which are from the samples
obtained from the surface of the lip of the central gour; this is the recent deposit that seals the two
column elements resting on the edge and the outer rim of the gour (Feature A).
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Ages of the stalagmite tips in the speleofact structures and of the regrowths indicate that the structures
were put in place in the central zone between 10,000 and 8,200 years ago. One of the speleofacts (C18)
belonging to one of these structures was still standing around 8,000 years ago. After this time, it was
broken off and placed on the ground with other broken stalagmites, including C37 and C38; the top parts
of C37 and C38 are around 10,000 years old. 

The ages of the regrowths in the main alignment structure of the northern sector indicate that the
structure was built over 6,000 years ago.

These dating results indicate that the alignment structures of broken stalagmites were built during the
�nal period of the Upper Paleolithic and European Mesolithic (Figs. 11 and 12).

These �ndings radically alter the way we look at the broken stalagmites in cave of Saint-Marcel and the
associated structures. While some of the broken stalagmites can be traced back to the successive visits
following the rediscovery of the cave in the early 19th century and the subsequent development of the
cave into a tourist attraction, age estimates of the samples from the Colonnes sector call into question
the age and status of many of the structures, which are sealed by stalagmite regrowth (Figs. 3 and 13).
Ongoing work in the cave will enable us to assess the signi�cance of these ancient structures in the
prehistoric use of deep cave networks.

The age estimates of the speleofact structures in the Salle des Colonnes bring to light a route through the
main gallery, which runs for around 1.5 km from the current entrance and contains two di�cult passages:
the �rst pit, which is several tens of metres high, and the wall closing off the Salle du Cirque in the
upstream direction (Cascade de Gours then Galerie des Maçons). Given the number of speleofacts in the
alignment structures in the Salle des Colonnes (388), we hypothesise that there was recurrent human
occupation in this sector. The age of sample C14, which was taken from the tip of a recumbent
stalagmite (Figs. 10 and 12), indicates that the stalagmites were broken over time and highlights
repeated use of the deepest parts of the cave by prehistoric human communities.

The age of the stalagmite regrowth on the speleofact structures in the median sector differs from that in
the other sectors of the Salle des Colonnes; this raises a question: does this difference indicate that the
structures were built during two phases that occurred at different times, or is it linked to differences in the
stalagmite record, which are caused by differences in speleofact height above the �oor? The aligned
speleofacts in the median sector are perched above the gallery �oor; this is not the case for the
alignments in the other sectors, including the major structure in the northern sector. The alignments
outside the median sector are at the bottoms of gours and may have been �ooded regularly; this would
have limited stalagmite regrowth on the speleofacts that were on the �oor, at least until around 6,000
years ago when regrowth began in the low-lying areas. Ongoing work on gour water levels based on
marks on the walls and recumbent stalagmites aims to provide further evidence for this second working
hypothesis.
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Regardless of the cause of this age difference, there is an overall coherence in the organisation of the
speleofact structures within the geography of the Salle des Colonnes. This impression is based on the
following points:

(i) there is a spatial relationship between the median sector where the speleofacts were “produced” and
adjacent sectors. In fact, a large number of the speleofacts in the alignments of the northern sector and
the southern margin originate from the median sector. Some of the largest speleofacts that were brought
into the northern sector weigh between 100 and 315 kg, which means that they had to have been
transported and laid out on the ground by several people. These data suggest a social organisation of
space into speleofact production zones and zones where structures were built;

(ii) the alignment structures of recumbent stalagmites in the northern and median sectors are continuous,
disrupted only at the crossings of the outer and inner rims of the central gour (Fig. 6); the two elements of
the same massive column on and spanning the rim of this gour (wedge) (Feature A) have been
undoubtedly put there by humans at least more than 3,000 years ago, as indicated by the ages of their
respective stalagmite seals; the arrangement of these two elements in the room creates a connection, at
least visually, between the alignments in the northern and median sectors;

(iii) this spatial continuation appears to extend beyond the median sector (Fig. 6). At the southern end of
the central alignment, a “staircase” comprising 23 speleofacts crosses over the rim of the central gour
into the southern margin (Fig. 14). Below this structure, there are numerous recumbent stalagmites, which
are laid out side by side for almost 6 m. They follow the western edge of the towering stalagmite column
and continue all the way to the gour at the top, which marks the boundary of this area.

All the �eld and dating data con�rm that people visited the deep networks of the cave of Saint-Marcel
from the end of the Upper Palaeolithic and during the Mesolithic and that the cave was the site of
signi�cant intentional organisation of space. In the Salle des Colonnes, no fewer than 460 speleothems
have been broken, moved, and arranged on the �oor. Although the functions of these structures are still
unknown, they nevertheless indicate that past communities were highly committed to reach these spaces,
which are far from the natural entrance, and above all, to build speleofact structures that are sometimes
of considerable size. The study of the Salle des Colonnes enables us to better understand the other deep
areas of the cave system (Salle des Colonnades and Massacre des Colonnes), where there are also
arrangements of broken speleothems on the �oor, and to better distinguish recent acts of breakage
(looting of calcite crystals and stalagmites) from more ancient actions that have been sealed by
stalagmite regrowth (Burnet, 2022). Work that is in progress in these areas will enable us to improve our
estimates of the absolute chronology of speleothem breakages and associated structures and to
consider the geography of human visits to Saint-Marcel cave over time (from the late Upper Palaeolithic
to the 19th century).

5. Conclusions
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Research conducted on broken speleothems and their arrangement on the ground (e.g., into steps and
alignments) in Saint-Marcel cave reveals the presence of human activity that is much older than that
which is usually mentioned (tourism-related developments from the second half of the 19th century and
the looting of speleothems). The evidence for prehistoric human activity in the cave of Saint-Marcel is
conclusive; detailed studies are needed in order to better identify the traces left behind by this prehistoric
activity on the underground landscape, particularly around the areas that are more di�cult to cross (e.g.,
pits and underwater passages). Similarly, there is no doubt that the cave has been looted for its
speleothems and crystals during the 20th century, as indicated by the fresh breakages and debris. In
addition to this historical evidence, geomorphological research in various deep areas of the cave
(upstream of the contemporary tourist area) has been underway since 2018 and it has revealed that (i)
stalagmite stumps and recumbent stalagmites are sealed by calcite regrowth and (ii) the speleofact
structures are results of intentional efforts to organise the underground space. High-resolution
geomorphological mapping based on laser scanning and photogrammetry has made it possible to
identify zones of speleofact “production” and construction of predesigned and organised structures. Even
if the distance between these zones is not large, the weight of certain pieces (for example, the two
elements of the column that are on the rim of the central gour in the Salle des Colonnes; Feature A)
means that speleofact transportation and arrangement required the collaboration of several people; this
raises the question of the engagement of past communities with the underground environment and the
transformation of this landscape following codes that we still have yet to identify. The archaeo-
geomorphological approach that was developed for the Chauvet Cave, Points Cave (Ardèche and Gard),
La Garma cave complex (Spain), and Cloggs Cave (Australia) facilitates differentiation between the
morphogenetic and the anthropogenic processes responsible for the creation of underground landscapes
and lays the foundations for the development of a precise relative chronology comprising the different
events that marked the study sectors (Monney and Jaillet, 2019; Delannoy et al., 2020; David et al. 2021).

The application of this approach to the Colonnes, Colonnades, and Massacre des Colonnes sectors
revealed (i) a geography of the human organisation of space and (ii) different traces of prehistoric and
recent human activities, which needed to be con�rmed with objective data from U/Th dating of the
human-made structures. Dating results indicate that the structures were built in prehistoric times. The
structures in the Salle des Colonnes date from the end of the Upper Palaeolithic to the European
Mesolithic. Archaeological work had revealed a strong Neolithic presence in the current entrance area
(Gilles, 1986; Moncel, 1998) and incursions as far as the base of the �rst pit in the Middle Paleolithic
(Szmidt et al., 2010; Lateur et al., 2023). Our results reveal hitherto unexpected incursions into the cave’s
deep network (over 1.5 km from the entrance), and raise the question of how past communities overcame
obstacles that are considered to be di�cult to cross today. For the Salle des Colonnes, dating results also
indicate that most of the current landscape was already in place during these ancient incursions: past
communities would have walked through a cave that was very similar to the present one in terms of
volume and speleothem setting; most of the large stalagmite edi�ces and associated gours were already
present. The only unknown is whether water was in the gours and depressions at the time of their visits
(work in progress). The presence or absence of water has implications for the understanding of the
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geography of the speleofact structures: in the various study sectors, there is a recurring presence of
broken speleothems at the bottoms of gours, sometimes in very large quantities (e.g., the central gour of
the Salle des Colonnes). Our study results are changing the way we look at the Saint-Marcel cave
network, giving them a cultural dimension linked to prehistoric use. Although examples of human
occupation of deep caves in the Mesolithic already exist (Aldène cave in France; Ambert et al., 2004), the
results from Saint-Marcel cave invite us to take a new look at these societies, their use of caves, which
has hitherto been considered to be limited to the entrance areas, their engagement with deep underground
landscapes, and the associated symbolic dimensions.
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Tables
Table 1 Number of broken stalagmite stumps and recumbent stalagmites in the Colonnes, Colonnades,
and Massacre des Colonnes sectors. For Massacre des Colonnes, only numbers in the central zone are
reported.
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Table 2 Uranium/Thorium data (concentrations, isotope ratios, and ages) from Salle des Colonnes core
samples. Ages are in thousands of years (ky) before present. For the detrital
correction, 230Th/232Th activity ratio was assumed to be 1.5 ± 50%; δ234U
= ({234U/238U}measured/{234U/238U}equilibrium − 1) × 1000 where 234U/238U equilibrium = 54.89×10−6 (molar

ratio, following Cheng et al., 2013); δ 234Uo is initial δ 234U. In the sample description column, colours
correspond to those indicating sample types in Figure 8. A white background in the sample description
column indicates a recumbent stalagmite; the corresponding numbers in the age and corrected age
columns refer to the age of the speleothem before breakage and integration into a structure.

Figures
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Figure 1

Map of the cave of Saint-Marcel (France), the sectors that are the focus of this study, and the topography
of the main gallery.
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Figure 2

Speleofact structure in the Salle des Colonnes. This structure comprises 69 broken stalagmites and
stumps aligned on the �oor. Photo: S. Jaillet
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Figure 3

Density and distribution of broken stalagmites that are on the �oor in the second part of the main gallery
in Saint-Marcel cave. Each stump, which is a remnant of a standing stalagmite (left) and each broken
stalagmite lying on the �oor (right) were overlaid on to the topographic map of the underground network.
The Heatmap algorithm in QGIS 3.16 (radius 2.4, value 16) was used to create this map, which shows the
spatial distribution and density of broken stalagmites.
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Figure 4

Legend for the archaeo-morphological map of the Salle des Colonnes (cave of Saint-Marcel, France). The
legend is based on the cartographic principles that were developed for the study of Chauvet cave
(Delannoy and Geneste, 2020) and La Garma cave. It has been adapted for the study of the Salle des
Colonnes and Massacre des Colonnes (Burnet, 2022). Stalagmite generations are based on a relative
chronology of nesting and superposition. Early human occupation predates Holocene generations 3 and
4. Stalagmite generations are de�ned on the basis of observations of the surface of the mapped object.
While the object may have formed over a long period of time, only the visible generation is represented on
the map.
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Figure 5

Archaeo-geomorphological map of the Salle des Colonnes (cave of Saint-Marcel). Base DTM: S. Jaillet
and J. Kemper; Field survey and mapping: J.J. Delannoy and J. Kemper
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Figure 6

Map of anthropic structures made up of stalagmite stumps and recumbent stalagmites in various sectors
of the Salle des Colonnes.



Page 25/32

Figure 7

The major structure of broken stalagmites aligned on the �oor of the Salle des Colonnes (northern
sector). The black-and-white picture shows the broken stalagmites (purple) and boulders (orange) that
form the structure. Photo: S. Jaillet; Artwork: J.J. Delannoy
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Figure 8

Location map of core samples taken from speleothems in the Salle des Colonnes for U/Th dating. The
elements on this map are based on the legend of the archaeo-geomorphological map (Fig. 5). The colour
of the label of each sample indicates the sample type. Sample numbers correspond to those in Table 2
(age estimates).



Page 27/32

Figure 9

Photograph of core C15 showing a change in the layering direction, marking the contact between the
recumbent stalagmite and the regrowth. Photo: E. Pons-Branchu
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Figure 10

Age of stalagmites before breakage (obtained from the tips of recumbent stalagmites without regrowth)
and age of regrowths on speleofacts in the structure of the median sector. Samples C15 and C19 provide
the best temporal constraints. Data: E. Pons-Branchu



Page 29/32

Figure 11

U/Th dating results for the structure in the northern sector of the Salle des Colonnes. Non-italicised
number indicates age of regrowth or tip of recumbent stalagmite. Number in italics indicates age of the
part of the recumbent stalagmite that is beneath the stalagmite seal (regrowth or �owstone).
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Figure 12

U/Th dating results for the structure in the median sector of the Salle des Colonnes. Non-italicised
number indicates age of regrowth or tip of recumbent stalagmite. Number in italics indicates age of the
part of the recumbent stalagmite that is beneath the stalagmite seal.
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Figure 13

Summary of morphological evolution and anthropic events in the Salle des Colonnes over the last
300,000 years. U/Th dates obtained from the Salle des Colonnes were processed using the software
Chronomodel to create a Bayesian model of relative chronology.
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Figure 14

Organised cluster of broken speleothems at the southern end of the speleofact alignment in the median
sector of the Salle des Colonnes. This arrangement is made of 23 visible speleofacts that aresuperposed
on top of each other and wedged together.


