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The Chavanon metamorphic sequence in the Variscan French Massif Central contains marble lenses that have been exploited since at least the 18 th century to produce lime. They provided an opportunity to some major pioneers among nineteenth century French geologists to understand how metamorphic rocks are formed. The intimate association between marbles and gneisses led them to propose that the initial pile of rocks was deposited as a single unit under water. They thoroughly described the attitude, folding and mineralogy of the marbles, making their works of great historical value. Originally written in French, their translation into English and the reproduction of original figures from the works they published will be very useful to the international community of geologists interested in the history of their science.

Introduction 1.Geological context

The Chavanon sequence is a part of the French Variscan Massif Central, located in the centre of France. The general structure of the Massif is a stack of nappes characterized by an inverted metamorphic gradient [START_REF] Faure | A review of the pre-Permian geology of the Variscan French Massif Central[END_REF][START_REF] Ledru | Où sont les nappes dans le Massif central français?[END_REF]. Above a greenschist to amphibolite facies parautochthon lies the so-called lower gneiss unit, itself overlaid by the eclogitic upper gneissic unit. However, the recent discovery of metamorphic microdiamonds in the parautochthonous unit in the Chavanon sequence may well lead to new interpretations [START_REF] Thiéry | Discovery of metamorphic microdiamonds from the parautochthonous units of the Variscan French Massif Central[END_REF].

Both the parautochthon and the lower gneiss unit crop out in the studied area as micaschists and migmatites respectively (Figure 1). The marble lenses that are the subject of this paper are interbedded in migmatites. Thanks to historical exploitation, now abandoned, of marble lenses (see § 3), it was possible for pioneers of the geological mapping of France to describe them. It is worth noting that nowadays the best observations can still be made thanks to old quarrying works (Figure 2).

An interesting fact to mention is the presence of marbles in the Sioule metamorphic sequence (Figure 1), 50 kilometres to the north. The Sioule sequence is inferred to represent the continuity of the Chavanon sequence on the other side of the major Sillon Houiller fault, which cuts them off with a left-lateral offset. They have been described later than the ones from the Chavanon and have yielded a richer mineralogy. Indeed, L. de Launay (1895) mentions amphibole and garnet-bearing marbles. Unfortunately, those marble lenses are not visible nowadays because most of them have been exploited to make lime. René-Charles-Félix BERTRAND DE BOUCHEPORN (1811BOUCHEPORN ( -1857) ) had also graduated from the École Polytechnique and was also a member of the "Corps des Mines". He made two geological maps at 1/86 400 scale covering the Départements of Corrèze and Tarn (1840) scale, accompanied by explanative memoirs.

Henri LECOQ (1802-1871, Figure 3) was a pharmacist who graduated in 1827 from the famous Salpêtrière Hospital in Paris. He then got a position responsible for the botanical garden in Clermont-Ferrand, in the centre of France. He developed a strong interest in geology and mineralogy. His surveys in the 1827-1858 period eventually led to the publication of a huge geological map of the Puy-de-Dôme Department in 1861. Drawn at a 1:40 000 scale, it covers more than 9 m² when all 24 sheets are unfolded. He subsequently wrote accompanying memoir as a five-volume book series (Les époques géologiques de l'Auvergne, 1867). Less is known about a more regional, not to say local, figure, namely François LONGY. A medical doctor, he eventually had a political career as mayor, and wrote a very informative book about his county [START_REF] Longy | Le canton d'Eygurande[END_REF], covering every aspect, from archaeology to politics and medical statistics. He described the marble lenses in a more popular style.

Author's note regarding translation

The following sections of the paper contain translations from 19 th century works, mainly scientific. They are characterized by an old-fashioned, almost literary style in French. Rather than adapting them to a modern style which would have diminished their level of detail, the translations presented below have been done on a "word-by-word" basis, in the hope that they will demonstrate to the reader how precise and extensive the historical works were.

1.4 Context of the descriptions within the wide scale program of geological mapping of France

The inception of the program of geological mapping of France begins with an 1816 Royal ordinance directly concerning the organisation of the School of Mines in Paris. Among other specialities such as mining exploitation and mineralogy, a council was established with goals to "collect all the necessary materials to achieve the mineralogical description of France […] by managing the realization of several maps on which would be drawn the different formations and nature of terranes" (Royal Ordinance of December the 13 th 1816, relative to the organization and administration of the School of Mines).

The authoritative books by Dufrénoy & Élie de Beaumont (1841) accompanying the first geological map of France give the following description on p. 119 of the first volume, subsection "limestone in gneiss": "In Gioux, in the Corrèze Département, and in Savenne, in the Puy-de-Dôme department. Saccharoid grey limestone, shaded with white, with a banded structure due to the mixing with layered mica, is exploited. This mixing is especially abundant at the walls of the layer; it is even so strong that only the white limestone located at the centre is exploited to produce lime. The layout of the soil makes it impossible to clearly see the link between these two deposits; but they are situated at such a small distance from each other, the nature of the limestone and the characteristics of the gneiss are so identical, that there is every reason to presume that the Gioux and Savenne exploitations are located on the extension of the same layer. The parallelism of the bands of limestone and the strata of gneiss also leads us to believe that these two rocks are contemporary, or, more exactly, that they belong to the same terrane. In Gioux, the gneiss strata are vertical; the dividing line of the limestone is marked by a narrow strip of clayey detritus. In Savenne, the lines of the limestone and the gneissic statas are horizontals. The exploited deposit has an ovoid shape, and the layers are cambered, as if they had been bent by a strong underground pressure".

Regional descriptions and cartographic representations

The tremendous amount of work synthesized in the aforementioned Geological Map of France finds representation in a succession of smaller scale regional geological maps [START_REF] Savaton | The First Detailed Geological Maps of France: Contributions of Local Scientists and Mining Engineers[END_REF]. They have been usually made according to administrative boundaries which have no geological meaning and were not necessarily made by the same explorer. In the present case, the area is crosscut in two administratively along the Chavanon river. The western side is in the Corrèze Département, the eastern side in the Puy-de-Dôme Department (Figures 1 &4). However, whatever way one looks at the formation of limestone from a general point of view, either as a heap of shells or as a chemical deposit, it cannot be considered in any way other than as a sediment formed in water, since it can be decomposed by heat; and there are many more reasons to classify it in this way, when it occurs in a regular layer, like all sediments; this proof joins that of stratification to make gneiss undoubtedly classified as a primitively sedimentary rock. » His geological map, published eight years before the booklet, is illustrated with several crosssections, one of them illustrating his observations about the marbles from the Chavanon sequence (Figure 5). All this part of the Chavanon sequence was thoroughly described by Henri [START_REF] Lecoq | Les époques géologiques de l'Auvergne[END_REF]. In the first of his five-volume series booklet for the explanation of the geological map of the Puy-de-Dôme Department, in the chapter entitled "Of rocks which are subordinated to gneisses", meaning "About crystalline limestones in gneiss", he gives the following description (pp. 72-73): "Grained, saccharoidal limestones are not so rare in gneisses and micaschists […] they are totally enclosed. […] They are exploited to make an extremely white lime. This limestone is an actual marble which specific weight reaches 2,67. Its colour is bluish grey more or less dark, its structure is massive, it has a lamellar texture, an inegal saccharoidal fracture, its tenacity is quite strong. This limestone often contains foreign substances, especially serpentine; this one is sometimes associated with diallage and hardened talc. Mica flakes are also, in some samples, abundant enough to give a schistous structure to the rock […] Those masses (Author's note: of limestone) are usually accompanied with serpentine which forms irregularly distributed masses, but generally more abundant at the external part, where it forms sometimes a kind of salband with dark brown, vaguely violet".

He subsequently describes a specific outcrop in an active quarry (p. 288, same volume): "This rock occurs as layers having sometimes a thickness of more than one metre. Those layers have the same inclination that the micaschist which is forming the top, they seem separated from the latter by thin serpentine-bearing layers but everywhere there is the gradual transition from one rock type to the other". The drawing of his observations (Figure 5) illustrates the way marble occurs within gneisses in the quarry that he visited.

2 Petrography of the marbles

The historical documents are already rich in mineralogical descriptions of the marbles, especially in the works of H. Lecoq ( § 1.5.2).

Two types of marbles can be distinguished, namely pure and impure (calc-silicate marble) types (Figure 6 a & b). The first type is mainly composed of calcite, its foliation is slightly marked by minor graphite flakes and rare quartz. Other minerals are scarer. The second type has a more diverse mineralogy, with humite-group minerals, talc and serpentine-group minerals. 

Exploitation of the marble lenses

A complete description of the several lime kilns that have worked in the Chavanon sequence would be beyond the scope of this article. However, since they are intimately linked to the description of the marble lenses, they are worth mentioning. In metamorphic terrains, soils are acid and it is difficult to grow plants. Hence, it was a blessing for inhabitants in this area to have the possibility of exploiting marbles to make lime.

The aforementioned geological works had already mentioned several sites where marbles were burnt to make lime: it seems that every lens had been exploited. Nowadays, the only remains are the most recent ones, which were active along the Chavanon river in the 1900-1950 period. However before them, below the hamlet of Gioux marble was exploited and lime produced in small kilns on the hillside. The most interesting written mention concerns the lenses below the hamlet of Le Mas where there are underground adits, and H. Lecoq states in his 1867 book that remains of lime kilns were present.

Finally, there is almost no evidence of the use of those marbles as building stones. Only one reference mentions that when polished their lustre is dull (Le Grand d'Aussy, 1788).

4 Discussion and conclusions: the role of the Chavanon marbles in the understanding of metamorphism

The term "metamorphic" was coined by the Scottish geologist Charles Lyell (1797-1875) in his famous Principles of Geology [START_REF] Lyell | Principles of Geology, being an attempt to explain the former changes of the Earth's surface, by reference to causes now in operation[END_REF].

All the authors mentioned above tried to give an explanation regarding both marble and gneisses and the transition from one to the other. In the 1841 memoir of the geological map of France, Dufrénoy & Élie de Beaumont propose that "this odd formation [author's note: i.e. limestone-bearing gneisses] belongs itself to very old sediments, modified a long time ago". It is worth noting that they were tentatively trying to group all types of rocks of France in the same category whatever their provenance (e.g. for them a gneiss from Britanny had the same meaning as a gneiss from another area). Also, they mention the "theory of metamorphism" as being a recent one. In their attempt to separate basement rocks from other rocks identified on the basis of stratigraphic considerations (namely Secondary, Tertiary and alluvial), they group together basement rocks under the term "transition terranes" or "intermediate terranes". Their explanation (p. 49) states that "transition terranes […] is the term applied to the oldest sedimentary layers, in which an organization is decipherable. Despite their Neptunian origin, those terranes are compact and crystalline, which is unusual in sedimentary layers […] Moreover, eruptive rocks that cut them across in every direction as veins have also influenced their texture, hence transition rocks have frequently lost their original character and have been mor or less metamorphized."

Bertrand de Boucheporn (1848, p. 26), states that "the formation of limestone, either as a pile of shells or a chemical deposit, it cannot be considered differently than a sediment formed in water […] hence, along with stratification, this proof leads to the indubitable classification of gneisses as being primitively sedimentary rocks". While nowadays the vocabulary would be simpler, this is how metasedimentary rocks are explained. Metacarbonatites are scarce but have been described [START_REF] Cherbal | Metacarbonatite rocks from Amesmessa area (In Ouzzal Terrane), Hoggar shield, Algeria[END_REF][START_REF] Bas | Metacarbonatite or marble?the case of the carbonate, pyroxenite, calcite-apatite rock complex at Borra, Eastern Ghats, India[END_REF]; this is not the topic of this article but it is worth mentioning this possibility.

Also, Bertrand de Boucheporn recalls the debate concerning the origin of the heat needed to transform the initial rocks into metamorphic rocks, namely Neptunism or Plutonism. However, neither in his works about the Chavanon marbles nor in the descriptions of Dufrénoy & Élie de Beaumont, do the authors use the word "metamorphism" although it was already in use by the latter authors in the very same book [START_REF] Dufrenoy | Explication de la carte géologique de la France, rédigée sous la direction de M[END_REF]. Indeed, in the general introduction of the book, they mention, p.41: "ambiguous terranes, both stratified and crystalline, bound in the meantime to evident sedimentary deposits and to crystalline masses of eruptive origin, have been, among geologists, the topic of many discussions. They have provided numerous arguments in order to classify granites among Neptunian rocks, until it was understood that wide quantities of terranes could keep, in their stratification, evidences of a first deposit under the water, and have subsequently underwent, from the influence of heat and various chemicals, a change in their crystalline state and even in their composition. Those alterations, that did not need a complete melting, and that left evidence of stratification, have been named since a few years metamorphism."

Specifically for the Chavanon marbles, they propose that "gneisses that enclose the limestones […] of Gioux, Savennes, etc., also belong to transition terranes subsequently inserted in granitic terranes. Maybe this peculiar formation belongs itself to a very old sedimentary formation, which has been modified during ancient times".

Finally for this area, in his book about Eygurande County (1893), Dr. Longy ( § 1.2) proposes that "the layer of saccharoid limestone of Gioux was formed during the secondary area. Its deposit occurred along with the gneiss at the bottom of the primitive sea". This description totally contradicts the works of his predecessors but is worth mentioning. This testimony is interesting in the sense that Dr. Longy was not a geologist but a medical doctor: it shows how a man of science understood geological phenomena based on his reading.

Nowadays, the marbles from the Chavanon sequence still crop out in a few places although lime kilns are long gone, but their contribution to the understanding of the overall concept of para-derived rocks in France has been important.

In conclusion, it is worth mentioning the definitions which were available in the third quarter of the nineteenth century thanks to the immense work of encyclopaedist Pierre Larousse who published from 1866 to 1877 (after his untimely death in 1875) a 17-volume encyclopaedic dictionary. In tome 11 (1874), pages 135 & 136, one can read:

-Metamorphic […] Used for stratified rocks which have been altered by the action of fire, after their stratification, -Metamorphism […] Change of shape, in terranes produced by the action of fire : the theory of metamorphism was founded from the moment when all the transformations could be followed step-by-step; and reflections of geologists could be guided by the researches of chemists (Humboldt).

Pierre Larousse quotes earlier works from Alexander von Humboldt (1769-1859). This famous scientist (botanist, geographer, geologist…) made many field expeditions and recounted his observations in numerous books and articles.

Finally, still in the Encyclopaedic dictionary of Larousse, an interesting point of view about metamorphism can be read on page 354 of tome 14 (1875), under the term "schist":"Rocks that are named schists […] occur as such a great number of varieties that the studies which have been done until now are for the memory an inextricable chaos in which we will try to shed a bit of light […] With some other terranes, they give rise to one of the most difficult problems of geology: metamorphism, here too we will try to find the way to the solution."

Later on, some geologists have used a "zoneographic" theory in order to explain the overall metamorphism of the French Massif Central [START_REF] Jung | Géologie de l'Auvergne et de ses confins bourbonnais et limousins[END_REF]Roques, 1952, 1936). This concept allowed them to separate gneisses, micaschists and other rocks but the hierarchy of metamorphic grades was mostly based on structural considerations. In any case, the role and influence of earlier geologists and their influence is clearly recalled [START_REF] Jung | Géologie de l'Auvergne et de ses confins bourbonnais et limousins[END_REF].
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 1 Figure 1 (note to the publisher: half page width). Simplified geological map of the Chavanon sequence after Thiéry et al. (Thiéry et al., 2010) superimposed on a DEM (IGN RGE ALTI®). The left-lower insert illustrates left-lateral motion between the Sioule sequence, where marbles are also present, and the Chavanon sequence, along the Sillon Houiller.
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 2 Figure 2 (note to the publisher: half page width): marble outcrop in an underground adit in an abandoned quarry (le Mas) in the Chavanon sequence. The scale bar is approximate since the marble layer is located several metres above the floor of the tunnel and is impossible to reach.1.2 Brief biographies of the main characters
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 3 Figure 3 (note to the publisher: half page width). Portraits of the main characters whose work is described here. (a) André Jean Marie BROCHANT DE VILLIERS (1772-1840), (b) Ours-Pierre-Armand PETIT-DUFRENOY (1792-1857), (c) Jean-Baptiste-Armand-Louis-Léonce ELIE DE BEAUMONT (1798-1874), (d) Henri LECOQ. See text for the detailed descriptions of their contributions. Portraits a-c from www.annales.org; portrait d from Muséum HenriLecoq, Clermont-Ferrand. 
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 4 Figure 4 (note to the publisher: half page width). Excerpts from historical geological maps of the Corrèze (a) and Puy-de-Dôme (b) Départements. In (a) the black square only indicates the location of lime kilns without further precision regarding the marble lenses. In (b) the marble lenses are accurately located in green. 1.5.1 Western side of the Chavanon river: the Corrèze Département
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 5 Figure 5 (note to the publisher: full page width). Historical sketches of the marble/gneiss relationships in the Chavanon sequence. (a) comes from the 1841 "Explanation of the geological map of France" by Dufrénoy & Élie de Beaumont (volume 1, p. 120). It illustrates the "limestone" (C) interlayered with the gneiss as well as the differences in dips as seen at the outcrops. (b) comes from the memoir accompanying the huge geological map of Lecoq (Les époques géologiques de l'Auvergne, volume 1, p. 288, 1861) (c) Cross section from the 1840 geological map of Corrèze by Bertrand de Boucheporn showing the two (Gioux and Savennes) marble lenses on each side of the Chavanon river. The Figure reproduced in (a) has itself been redrawn from the original Figure in (c) as explained its author himself (Bertrand de Boucheporn, 1848). (a) & (b) : books from the Mines ParisTech library. (c): Bibliothèque Patrimoniale Numérique de Mines ParisTech. 1.5.2 Eastern side of the Chavanon river: the Puy-de-Dôme Département

Figure 6 .

 6 Figure 6. (a) Marble from the Gioux lens. The dark veins are enriched mostly in graphite. (b) Calc-silicate marble from Le Mas lens. (c) Optical micrographs (uncrossed/crossed polars) from the Gioux marble illustrating graphite flakes and minor olivine content. (d) Optical micrographs (uncrossed/crossed polars) from the Le Mas marble illustrating its mineralogical diversity. Abbreviations after Whitney & Evans (2010): Cal -Calcite; Gr -Graphite; Hu -Humite; Ol -Olivine; Srp -Serpentine; Tlc -Talc.
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