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Abstract. The Lake Chambon area, located between the Col de la Croix-Morand and Murol (Massif
Central, France), consists of a Hercynian crystalline basement partially overlain by Cenozoic forma-
tions, largely composed of volcanic products related to the Mont-Dore stratovolcano. The present-
day topography, sedimentation patterns, and drainage network are strongly controlled by a complex
fault system. A detailed morphostructural analysis identified more than 500 lineaments from a high-
resolution digital elevation model (DEM), which were digitized and analyzed in a GIS environment us-
ing QGIS. A directional classification combining expert-based interpretation with a semi-supervised
machine-learning approach (k-means clustering) revealed seven major fault families, grouped into
clusters consistent with a regional dextral shear regime. An interpretive tectonic model is proposed,
consistent with the current stress field ( ; trending between N160°E and N170°E). Faults of the F1 fam-
ily are interpreted as dextral shear zones related to the South Armorican Shear Zone-Cholet-Poitiers
Fault-Southern Border Fault of the Limagne graben system, associated with secondary Riedel-type
structures. The influence of the sinistral Sillon Houiller Fault is expressed by the F6® family (N20°E)
and by the F2° family, whose orientation is comparable to that of the Tauves-Aigueperse fault sys-
tem (N50°E). The F4 family corresponds to extensional faults, locally reactivated within this broader
strike-slip tectonic framework. The proposed neotectonic framework allows for the interpretation of
several key geomorphological features. The Lake Chambon Basin may correspond to a transtensional
pull-apart structure. In contrast, the slow-moving landslide at Chambon-sur-Lac, located between
the transtensional zones of the Rochers de Pousseterre to the west and Lake Chambon to the east, ap-
pears to be controlled by the structural inheritance and kinematics of faults F4, F6” and F20, which
locally accommodate oblique deformation within a transpressive regime. Finally, the study suggests
that deep hydrothermal activity at Chambon-sur-Lac may be linked to regional seismicity associated
with the F1 fault system.
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1. Introduction major tectonic systems of metropolitan France: the

South Armorican Shear Zone (SASZ) and the Sillon

The northern and eastern slopes of the Monts Dore  Houiller Fault (SHF). This geographical position gives

Massif constitute a particularly complex structural the region a key role in understanding the recent

zone. This area lies at or near the intersection of two tectonic structuring of the Massif Central and the
geodynamic evolution of the French territory.

— The South Armorican Shear Zone (SASZ) is a wide

Corresponding author strike-slip zone inherited from the Variscan orogeny,
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Figure 1. Simplified map based on data from the Database of Potentially Active Faults (BDFA, (IRSN, 2020)). Faults are shown in
black, without distinction of age or activity. The main locations indicated are: (1) Cholet-Poitiers Fault (CPF), forming one of the
eastern branches of the South Armorican Shear Zone (SASZ); (2) the Southern Border Fault of the Limagne Graben (SBLF) between
Issoire and Brioude, extending eastward toward Le Puy-en-Velay and the Provencal Basin; (3) the Sillon Houiller Fault (SHF); (4) the
Villefranche-de-Rouergue Fault (VRF); (5) the Loire Fault (LF); (6) the Sillon Houiller Fault between Bert and Le Creusot (BLCF)
and its eastward continuation; (7) the Limagne Fault along its western border between Issoire and Volvic (WBLF); (8) the Tauves—
Aigueperse Fault (TAF); and (o) the study area (red frame), located along the inferred missing fault segment between the CPF and

the SBLE

trending generally NW-SE, with some branches still
considered active (Palumbo, 2012). One of its eastern
extensions, supported by the Cholet-Poitiers Fault
(CPF), appears to continue toward the Southern Bor-
der Fault of the Limagne Graben (SBLF), between Is-
soire and Brioude. This fault then continues eastward
toward the Puy-en-Velay Basin, and further toward
the Provencal Basin (Figure 1).

The Sillon Houiller Fault (SHF), on the other
hand, follows a N20°E trend and is characterized by
an associated network of faults, including the Loire
Fault (LF) to the north and the Tauves-Aigueperse
Fault (TAF) to the northeast, which continues to-
ward the Bert-Le Creusot Fault (BLCF). Thus, the
Sillon Houiller Fault also constitutes a major tectonic

structure, forming a vast seismogenic lineament ex-
tending from the Villefranche-de-Rouergue Fault
(VRF) to the Paris Basin. The interactions between
these two major tectonic systems—the South Armor-
ican Shear Zone (SASZ) and the Sillon Houiller Fault
(SHF)—remain poorly understood, particularly due
to the extensive cover of volcanic formations in the
Massif Central.

Nevertheless, this structural context may have
played a determining role in the emplacement and
evolution of regional volcanism, notably by control-
ling magma ascent and the location of volcanic edi-
fices. Analyzing this zone of tectonic convergence is
therefore essential for refining our understanding of
the recent geodynamic history of the Massif Central.
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The objective of this article is to highlight the re-
spective influence of the SASZ and the SHF on the
present-day structuring of the eastern slope of the
Monts Dore. To this end, we present a detailed
morphostructural study of an area located between
the Col de la Croix-Morand and the town of Murol,
around Lake Chambon. This analysis is based on the
integration of field observations with data derived
from aerial photographs, satellite imagery, and digi-
tal elevation models. It leads to a preliminary inter-
pretive model of tectonic structuring in this transi-
tional zone, along with an assessment of associated
seismic hazards.

2. Geological context
2.1. Previous work

The study area is located on the eastern slope of the
Monts Dore Massif. This zone has been the subject
of several significant geological studies, which today
allow a better understanding of its main characteris-
tics. Among the notable contributions:

t As early as the late 1950s, Louis Glangeaud
proposed a regional geodynamic frame-
work to explain volcanism within the Massif
Central, in connection with a network of
faults and dykes oriented NO°E, N60°E, and
N120°E (Glangeaud and Lemonnier, 1958;
Glangeaud, Bobier, et al., 1965).

t Following the oil shocks of the 1970s, re-
search programs were initiated to assess the
geothermal potential of the Massif Central.
In this context, the exploration work led by
Varet, Stieltjes, Gadalia, et al. (1977) and
Varet, Stieltjes, Gérard, et al. (1980) provided
a benchmark synthesis of the state of hy-
drological and geophysical knowledge of the
Monts Dore massif at that time, rightly em-
phasizing that “a profound lack of under-
standing of the Tertiary and Quaternary tec-
tonics... at the scale of this massif still re-
mains” (Varet, Stieltjes, Gadalia, et al., 1977).

t Jean-Claude Besson (Besson, 1978) specif-
ically studied the Mont-Dore volcanic for-
mations, providing detailed insights into the
stratigraphy and nature of eruptive products.

t In the 1990s, Professor Jean-Jacques
Macaire’s team (University of Tours)

conducted several in-depth studies of Lake
Chambon. These works focused mainly
on lacustrine sediments, their volume and
depth, as well as sedimentation and ero-
sion rates in the catchment during the Late
Glacial and Holocene periods (Macaire,
Corcita, et al, 1992; Dupis et al., 1996;
Macaire, Bossuet, Choquier, Corcita, de
Luca, Dupis, Gay, Mathey, et al., 1997; Gay
etal., 1998; Gay-Ovejero and Macaire, 1999).

t Around the same time, the Laboratoire Mag-
mas et Volcans (University of Clermont-
Ferrand II) published studies on debris
avalanche deposits in the area (Cantagrel
and Briot, 1990; Vidal et al., 1996; Bernard
et al., 2009).

t More recently, the BRGM released a pre-
liminary harmonized vector version of the
geological map for the area (Veyre-Monton
sheet), accessible via the InfoTerre platform
(Figure 2). The 1:50000 scale map has not
yet been oYcially published, but a provi-
sional version of its explanatory booklet is
available in open access on the BRGM pub-
lications website (Chévremont et al., 2022) at
geolfrance.brgm.fr.

2.2. Geological framework

An initial analysis of the harmonized 1:50 000-scale
geological map from the BRGM (ibid.) reveals the
superposition of recent volcanic formations over an
older granito-metamorphic basement. The main
geological units identified in the study area are as
follows:

t The two-mica granite of Chambon-sur-Lac
constitutes the main plutonic unit of the re-
gion. Its precise boundaries remain uncer-
tain, largely obscured by the overlying vol-
canic formations. It is nevertheless notewor-
thy that this pluton is cut by several normal
faults striking N140-150°E in the area west of
Lake Chambon.

t The metamorphic formations of the Upper
Gneiss Unit (UGU) appear to the east of
the Chambon granite. These are leptynitic
gneisses that form the metamorphic country
rock of the granite pluton. The contact be-
tween these two units is tectonic, marked by


https://www.geolfrance.brgm.fr

98

Ludovic Chender and Régis Thiéry

Figure 2. Screenshot of the harmonized 1:50 000 geological map extracted from the BRGM Infoterre website (https://infoterre.
brgm.fr). A semi-transparent digital elevation model is superimposed. I. Surficial deposits and processes. F: alluvium. FG: flu-
vioglacial deposits. G: moraines. T: peat bogs. E: volcanic rock scree deposits. C: volcanic rock colluvium. GT: rockfalls and
landslides. II. Recent Quaternary volcanism. flq: leucobasalts (including those of Tartaret). III. Lower to Middle Pleistocene vol-
canism of the Sancy massif. ¢,: Sancy debris-avalanche deposits. Sy : volcanoclastic formations of the Sancy. S: Lower to Mid-
dle Pleistocene sancyites of the Sancy massif. ¢fiz: Lower to Middle Pleistocene trachybasalts and trachyandesites of the Sancy.
IV. Upper Pliocene to Lower Pleistocene volcanism of the Monts Dore. ¢;: Monts Dore debris-avalanche deposits. =: phonolites.
¢fiy: trachyandesites (broad sense). D: mugearites and doréites. O: ordanchites. ¢fl: Bressouleille trachybasalts. fly;,: demi-
deuil basalts, basalts with olivine or pyroxene phenocrysts. V. Pliocene volcanism of the Démes Plateau. Sp: scoria and scoria-
ceous ejecta. fl: undiVerentiated basalts. t-vs: undiVerentiated Plio-Quaternary volcanism (tephra and volcano-sedimentary de-
posits). fl,: Miocene volcanism of the Domes Plateau (ankaramites and basalts). VI. Oligocene. g ;2: quartz—feldspathic clays
and sands. VII. Hercynian basement. 3: two-mica granite of Chambon-sur-Lac. 2: St-Nectaire granite. Pg: Upper Gneiss Unit
(paraderived migmatites). Lp: Upper Gneiss Unit (leptynitic gneisses). Basement faults are shown in black. (a) Quancouve stream
fault (QF); (b) Jassat fault (JF); and (c) Saint-Victor-la-Riviére fault (SVRF). Yellow stars indicate eruptive vents, whose alignments
suggest probable magma ascent pathways. Arabic numerals and red circles indicate major landslide areas potentially related to
recent seismogenic faults: 1: Dent du Marais landslide; 2: Champsiaux-Berlaire (or Chambon-sur-Lac) landslide; 3: Montagne de la
Plate landslides; 4: Jonas landslide; 5: La Borie landslide; 6: Murol landslide. Black arrows indicate the direction of debris-avalanche
movement.
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