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Abstract:

For several years, multidisciplinary archaeological operations organized by the Ministry of Culture and
named ‘Collective Research Projects’ (PCR) have enabled the design and use of a descriptive
database for a part of southern and central France. This data base describes and stores the main
geological aspects of sedimentary silicified rocks of chemical, biochemical or diagenetic origin
(abbreviated SSR in the rest of the text) and their primary and secondary outcrops. Data were
collected through a survey form describing the flint formations and using different observation grids
which make up complete identity cards for each type of flint. Using their spatial attributes, these
different data are linked to a shape file for flint formations, themselves digitized with ArcGIS and QGis
on the basis of harmonized protocols with several layers of the WebMapService (WMS) Infoterre of
the BRGM. Today, data sharing is made possible through the use of the ArcGisOnLine platform
(AGOL) meeting the needs of the various users.

Applied to an archaeological series, the database considers the concept of an evolutionary chain of
SSR and extends an enquiry into the prehistoric relationship between SSR and their environments.
According to the same criteria as those defined for the characterization of geological samples
(petrology and alterology forms), it allows one to reconstruct the route traveled by any flint before its
collection by prehistoric humans and then, by the use of a taphonomic form, decrypts the post-
depositional SSR evolution in order to decipher the intensity and chronology of the mechanisms likely
to have taken part in the sedimento-genesis of the archaeological site.

In terms of understanding paleogeography, the ultimate aim of this approach, the accuracy of petro-
archaeological studies is firmly established rather than being anecdotal. By demonstrating that only
quantity, genetic and gitological diversity and the way in which materials from coherent geological
spaces (i.e. geotopes) are introduced into the archaeological sites, allows one to discuss the method
of acquisition of the materials concerned and thus to approach an understanding of the organization of
prehistoric societies through their management of landscape and their relationship to territoriality. After
the application of this method using the database the results are presented for particular materials
coming from the Middle Gravettian series of la Picardie (Preuilly-sur-Claise, Indre-et-Loire, France).

Keywords: Petroarchaeology, Methodology, Evolutionary chain, Middle Gravettian, France.
1. Introduction

Studies of the origin and characterization of raw materials used in prehistory, and more specifically on
sedimentary silicified rocks of chemical, biochemical or diagenetic origin (abbreviated SSR in the rest
of the text) of various types including flint, chert, silcrete and jasperoid (a precise definition of these
terms is given in the supplementary information), became common in western Europe at the down
19th century following closely the advent of the discipline of prehistory (e.g. Meillet 1866; Boule 1887;
Hue 1910; Hewitt 1915; Curwen 1940; Méroc 1943; Bordes et Sonneville-Bordes 1954; Valensi 1955;
Hurst and Kelly 1961; Aspinall et al. 1975; Demars 198; Torti 1980; Masson 1981; Simonnet 1982;
Morala 1984, 2018; Geneste 1985; Mauger 1985; Aubry 1991; Chalard 1992; Binder et Courtin 1994;
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Griinwald and Affolter 1995; Séronie-Vivien 1995; Bon et al. 1996; Riche 1998; Feblot-Augustin 199;,
Surmely et Pasty 2003; Floss 2000; Grégoire 2000; Turq 2000; Affolter 2002; Bazile 2002; Bressy
2002; Bordes 2002; Primault 2003; Néraudeau 2004; Allard et al. 2005; Djindjan 2005; Foucher et al.
2005; Fernandes 2006, 2012; Marchand 2010; Tomasso 2014; Bostyn et Geligny, 2014; Foucher
2015; Sanchez de la Torre 2015; Caux 2015; Delvigne 2016; Vaissié et al. 2017). While this research
has long been carried out by isolated individuals, for about fifty years geologists, crystallographers,
mineralogists, micro-paleontologists, geo-archaeologists, use wear analyst, archaeometrists,
geochemists and physicists have tried to collaborate. Their attempts are exemplified by the several
“flint symposiums”, which in various forms, have taken place since 1969 (e.g. Kraayenhagen et al.
1975; Clark and Voigt 1979; Sieveking and Hart, 1986; Lenoir et Séronie-Vivien 1990; Yamada and
Ono 2014). Note, that it was during this same period, that Stecl and Malina (1970) laid the foundations
of the discipline now called petroarchaeology.

Various authors trace the history of “flint” petroarchaeology and some talk about its renewal (Masson
1981; Fernandes 2012; Delvigne 2016; Delvigne et al. 2019a), but the classical method, founded on
the techniques of sedimentary geology, was well exposed by Marie-Roger and Micheline Séronie-
Vivien (1987). The method requires the determination of the paleoenvironment and age of the
sedimentary formations which are silicified, by analyzing the allochems whose bioclasts are contained
in the SSR. In this paper we use ‘SSR’ to refer to all silicified rocks whose chemical, biochemical or
diagenetic origin, with the exception of sandstones and particularly quarzitic sandstone, are siliceous.
This allows us to avoid the term “flint” which has multiple meanings in varied contexts and is anyway
somewhat controversial. We use the term “flint” only for rocks with a siliceous epigenesis and that
carry a cortex. The classical petroarchaeological method allows one to define the genetic type of SSR.
However, the petroarchaeological approach is not confined to discovering the stratigraphic origin of a
SSR, but rather aims to characterize the formations from which it was collected by prehistoric humans,
noting that these formations are sometimes located far from the primary SSR-bearing deposit.
Furthermore, we note that classical diagnoses do not allow precise description of all lithic objects
because of confusion at different scales of observation and that the vocabulary developed in
archaeology is not always the same as that in geology, leading to misunderstandings. Moreover, the
analytical tools - especially regarding geochemistry - are not always applicable to SSR (Fernandes
2012; Delvigne et al. 2017; Fernandes et al. 2020). Finally and most importantly, SSR evolution
characteristics are insufficiently recorded.

However, analysis of the data ‘memorized’ in a SSR is not new, having been exploited by many
researchers, especially regarding patina and gloss, (Hewit 1915; Hue 1929; Curwen 1940; Hurst and
Kelly 1961; Rottlander 1975; Stapert 1976; Masson 1981 ; Levi-Sala 1986; Howard 2002; Glauberman
et Thorson 2012; Thiry et al. 2014) but also regarding changes related to displacement, and exposure
to temperature variation (Journaux et Coutard 1974; Donahue 1994; Burroni et al. 2002; Caspar et al.
2003; Fernandes et al. 2007; Coutard et Ouzouf 2008; Hardaker 2012) and mineralogical
transformation (Cayeux 1930; Besangon 1982; Vilas Boas 1975; Aubry 1975; Thiry 1981; Fernandes
2012; Glauberman et Thorson 2012; Graetsch et Griinberg 2012). Research into these characteristics
was the foundation on which the concept of an evolutionary chain for SSR was developed (Fernandes
and Raynal 2006). This concept describes and records the various alteration processes undergone by
the rocks before and after their collection by prehistoric humans. Our goal is to identify accurately the
origin of the raw materials represented by lithic artefacts found in archaeological units and to establish
which transformative mechanisms contributed to the sedimentary-genesis of the particular
archaeological units.

Beside questions of methodology and protocol, our practical aim in this paper is to use this method to
discuss the case of the purported allochthonous SSR of the Middle Gravettian site of La Picardie.

2. Method and theoretical background
2.1. Theoretical background

The evolutionary chain concept is based on an assertion that the mineral structure of SSR undergoes
changes during each physico-chemical modification of the environment in which they are metastable.
This evolution, dependent upon mineralogical changes induced by a search for a state of equilibrium
represented by quartz (Fernandes et al. 2007, 2020; Fernandes 2012; Thiry et al, 2014), not only
affects the envelope of the rock, but its whole volume and can be expressed at different scales:



macroscopic, mesoscopic, microscopic and ultramicroscopic. These mineralogical changes induce a
secondary epigenesis within the siliceous matrix that transforms the microfacies in certain ways:
diminution of the amount of figurative elements because of their recrystallization, color changes due to
the incorporation of new chemical elements (especially iron), variation of the mineralogical
composition etc. During petrographic analysis, it is necessary to quantify the degree of evolution of the
figurative elements (allochems) and the inside components, the microcrystalline binding materials of
matrix or cement (orthochems) (Folk and Weaver 1952 ; Folk 1959) in every zone in order to place the
archaeological objects within their respective evolutionary chains. Clearly, the various evolutionary
chains of different geological SSR must be deciphered previous to petrographic analysis because
each SSR type has its own evolutionary path.

SSR sources can be divided into several categories (Fernandes and Raynal 2006; Fernandes 2012;
Delvigne et al. 2019b):

1) primary sources in which the whole volume of the SSR is still present in its host rock;

2) residual formations with flints (or “alterites”) resulting from the in situ dissolution of the protolith, the
SSR being trapped in the residual sediments (e.g. clay containing flint);

3) colluvial secondary deposits (e.g. screes, solifluction flows, etc.) which are slope deposits close to
the formations from which they derive. They are formed gravitationally following freeze/thaw cycles,
runoff etc. and define the various types of colluvial deposits;

4) alluvial secondary deposits integrating all the SSR located in the bed of active watercourses;

5) secondary deposits of ancient alluviums (or terraces) corresponding to the geological formations
found in fossil riverbeds; they are subdivided into "low terraces", "medium terraces" and "high
terraces";

6) secondary deposits on beaches; coastal formations subject to wave action and located in the
intertidal zone (between the high and low tide limits);

7) secondary deposits on fossil shorelines which correspond to fossilized beach formations;

8) moraine secondary deposits, in which the stones occur within disorganized deposits (diamicton) on
the flanks and in the heart of glacial valleys.

These eight basic categories can be modulated and combined into as many categories as necessary
(e.g. colluviums from clay with flint).

When reading the chronology of the stigmata carried by the natural surface - (neo)cortex and
lithoclase - of the SSR and deciphering the degree of evolution of the orthochem and allochems, it
becomes possible to allocate with precision the SSR to specific collection places and to define its
gitological type. Among the characteristics noted are the presence of (neo)cortex and its defining
criteria (thickness, wear, cementing and roughness gradient, intensity and type of shock, as well as
intensity and type of dissolution) and these provide powerful tools to retrieve the gitological origin of
archaeological pieces (Fernandes et al. 2007). For example, figure 1 presents the different degrees of
alteration of the (neo)cortex for the Yonne Valley Upper Turonian flint. We have observed that on the
most recent terraces the shocks carried by the (neo)cortex are few or not altered; the evidence for the
shocks begins to disappear and corrosion gulfs develop on the surface of the siliceous matrix in the
middle terraces, while in the upper terraces cementation is total. The anterior shocks are almost
invisible and following pedogenesis, a true neocortex develops in the hollows (Figure 1). Such
elements identify several gitological types derived from one genetic type (Fernandes and Raynal
2006). For example, Upper Turonian from the Yonne Valley (genetic type D0066.1)

- in primary position (gitological type D0066.1g1),

- inthe slope deposits close to the primary position (gitological type D0066.1g2),

- in the clay with flint (gitological type D0066.1g3),

- inthe bed of the Yonne River (gitological type D0066.1g4),

- inthe low terraces (gitologic type D0066.1¢g5),

- in the middle terraces (gitologic type D0066.1g6),

- in the high terraces (gitologic type D0066.1g7) and so on.
This approach is obviously crucial to the reconstruction of prehistoric economies as usually, humans
used secondary sources as their main resources (Turq 2005; Fernandes and Raynal 2007; Delvigne
et al. 2014).

2.2. Analytical tables



Our observations are recorded on an analytical form contained in a database developed under
Microsoft Access©, Filemaker© and adapted for Microsoft Excel©. Each item is described in three
stages that document a particular aspect of the SSR’s life:
- Grid 1 "Petrography" contains information on its genesis;
- Grid 2 "Gitology" describes the processes related to the pre-depositional phase; the observed
surfaces corresponding to the cortical zones associated with the pre-depositional lithoclase;
- Grid 3 "Taphonomy" recording the processes linked to post-depositional phases; the observed
elements related exclusively to the surface transformation by knapping processes.

The three tables are not always used together, depending on whether the sample is archaeological or
geological. In the case of a geological sample, grid n° 3 is useless since it corresponds to the
anthropic and post-anthropic life of the sample which does not exist for a geological SSR. The
different fields of the database are not enumerated in this paper, whose purpose is simply to illustrate
one example of archaeological results using this method.

Grid 1 contains 82 fields that describe the microfacies in order to determine the main definition criteria,
the formation environment, the age of the SSR and thus the genetic type. Its principal focus is the
allochems in terms of repartition, abundance, sorting, smoothing, sphericity, size and nature for every
allochem type. We use the abacuses and grids utilized by sedimentologists (e.g. Krumbein and Sloss
1963; Bullock et al. 1985). Moreover, if we consider the biogenic fraction of the allochems as
important, we should not forget that the detrital fraction may prove invaluable in distinguishing
variations in genetic types (e.g. Fernandes 2012; Delvigne 2016; Tomasso et al. 2019). The latter is
defined through binocular analysis, Raman spectroscopy and, when thin sections are available, optical
microscopy.

Grid 2 aims to identify the gitological facies of the genetic type defined in grid 1. In it, 44 descriptive
fields are synthesized into seven points of paramount importance:

- inherited color / acquired color ratio of the matrix;

- inherited color / acquired color ratio of the allochems;

- type of neocortex and / or natural surface;

- type of porosity and poro-necrosis;

- mineralogic composition of the orthochem;

- description of the sub-cortical zone;

- color and the intensity of the pre-depositional patina and gloss.

At this stage of the analysis and for every surface type, we decipher the types of physical actions
(such as cracking or fragmentation), as well as chemical processes whose kinetics are slower (such
as alterations or diffusion of oxides in the matrix). These phenomena, controlled among other factors
by the positioning of the surfaces, i.e. the gitological polarity, overlap each other forming a sequence
that provides the key to understanding the succession of prepositional transformations. Thus, in the
same way as for the chaine opératoire in lithic technology, it is a matter of deciphering the order of the
natural processes affecting the SSR; the stigmata associations being characteristic of residential
formation types.

Finally, Grid 3 - the taphonomy grid - is composed of 38 fields that describe the type and intensity of
post-depositional patina, the intensity of shocks and alterations borne by the edges, ridges and
surfaces discerned from the microtopography; the type and intensity of surface gloss and the intensity
of thermal shocks. Whereas for grids 1 and 2 we examine the natural surfaces which give information
about the collection place, for grid 3 only the knapped surfaces are studied. They indicate the edaphic
processes that followed the abandonment of the object. Consequently, the third grid gives an
indication of the integrity of archaeological levels and guides further discussion on site taphonomy.

The final goal of this approach is to gather and collate data imported from different disciplines involved
in the study of SSR into a unique dynamic tool in order to identify the most discriminating indicators,
type of material by type of material, evolutionary stage by evolutionary stage.

2.3. Digital tools for an inventory and spatial analysis of flints

This integrated approach, from collection to the final analysis, is backed by the formation’s GIS for flint
that we are developing online in the ArcGis server (Tuffery et al. 2018, 2019; Delvigne et al. 2019b)



and is the result of collaboratively developed methods, tools and vocabulary for western Europe. As
shown by comparative analyses performed by different users, the database for the french collective
research project PCR Réseau de lithothéques and research group GDR Silex is a tool well suited to
examine SSR origins and gives meaningful answers for archaeological problems.

In practice, the data produced and/or analyzed for these studies are linked by their spatial distribution
(geometry, georeference coordinates) and their physical attributes. A new integrated protocol, using
the WebMapService (WMS) Infoterre, with scanned geological maps at 1/50 000 of the French
National Geological Survey (BRGM) in the background, was designed for digitizing flint formations as
shape files, so that it could be used with a variety of GIS tools (QGis, ArcGIS, etc.) (Figure 2).

Fieldwork data were produced using different analog and digital forms. These data were put into a
common geospatial database on the ArcGisOnLine cartographic platform which allowed the
development of a web mapping application using ArcGisOnLine WebApp Builder (Figure 3).

This platform uses various standards such as WMS, WFS as well as 1ISO 19115 geographic
information metadata, which allows access to data and metadata that can be downloaded by
researchers, according to FAIR principles (Figure 4)

2.4. Implications for geochemical analysis

To source the SSR precisely, the results must be subjected to statistical analysis during geochemical
analyses. As the results of such analyses may vary widely, the analytical model must be chosen
accurately (Ferguson 1975; Luedtke 1979; Shackley 1998; Andrefsky 2009). Moreover, the extent and
diversity of the geological data used in the model is key to securing the determination: “There are
millions of chert sources on earth, and unless you control every one of them there is always the
possibility that the artifact in question is actually made from a material outside your sampling
universe.” (Luedtke 1992: 117). Three main errors are inherent in such an approach (Luetdke 1979):
1) an SSR of type “A” is placed in group type “B”; this could be the case for SSRs close to one another
in space and time (Sieveking et al. 1970; Ferguson 1975; Luedtke 1978, 1979, 1992; Bressy et al.
2002; Bressy 2002; Evans et al. 2007);

2) an SSR remains an “unknown source” even if it derives from a well-known source; generally this is
the case when the source characterization is incomplete, when the variability of the source is not
covered totally by sampling or when post-depositional processes have affected the composition of the
SSR;

3) an SSRis related to a known source but does not belong to any recognized type. This is a typical
error induced by uniquities in the geochemical facies (Blet et al. 2000).

Preliminary steps leading to accurate sourcing are:

1) well-considered geological sampling and

2) incorporation of the largest amount of data possible in models.

For Luedtke (1978, 1992), as well as Bressy et al. (2002), a minimum of 10 measurements is
necessary on a single sample to access the geochemical variability of an artefact or a source, but 30
would be more significant. It should be the same for secondary sources, namely active and fossil
alluviums, which have been often ignored in previous geochemical studies (Bressy et al. 2005) but
which formed a significant source of raw materials for prehistoric peoples (Turq et al. 1999; Turq 2005;
Shackley 1998).

Basically, the identification of an SSR relies on the amount and the quality of its geological data.
Consideration of samples out of their geological contexts leads to inconclusive results (Stockmans et
al. 1981). For example, Speer (2014) who studied raw materials from the Edwards Plateau (Texas,
USA) using LA-ICPMS, concluded a macro-regional identification at 100% but could not be more than
70% certain about a precise source. This is close to an observation result made by the naked eye. In
our opinion, the characterization of SSR types of raw materials is an interdisciplinary process in which
the geochemical analyses play only a complementary role to the investigation of very peculiar
elements (e.g. Masson 1981; Kinnunen et al. 1985; Bush et Sieveking 1986 ; Turq et al. 1999 ; Blet et
al. 2000 ; Gregoire 2001 ; Bazile 2002 ; Bressy 2002, 2007 ; Bressy et al. 2002 ; Delage 20083 ;
Fernandes 2006, 2012 ; Fernandes et Raynal 2006 ; Fernandes et al. 2007, sous presse ; Tarrino et
al. 2014 ; Delvigne 2016 ; Sanchez de la Torre et al. 2017; Brandl et al. 2018 ; Collin 2019).



For a better understanding of the element transfers during the ‘life’ of an SSR, it is necessary to study
in detail its evolutive chain (which includes all the materials from its various secondary sources)
through a strict non-destructive and statistically controlled protocol using an MEB coupled with a EDS
microprobe and by LA-ICPMS. Some sources remain difficult to identify under binocular magnification
only; in these cases, it can be useful to undertake limited geochemical ‘mapping’ based on decrypting
the elementary transformations and an in-depth naturalistic observation. In order to better address “the
SSR question” we currently test the validity of different analytical tools (DRX, LA-ICP-MS, MEB-EDS,
RMN, RPE, Raman spectrometry, XRF) and try to determine the geochemical profiles of a single SSR
type e.g. the Upper Turonian flint from “Grand-Pressigny” Type D0018.1 (Delvigne et al. 2017) in its
different primary, sub-primary (alteritic) and secondary sources (recent alluviums of the Claise River
and ancient terraces of the Creuse River).

3. Results: case study of the Middle Gravettian lithic assemblage from La Picardie
3.1. Archaeological context

Located in Preuilly-sur-Claise (Indre-et-Loire, France), about ten kilometers south of Le Grand-
Pressigny, the site of La Picardie is situated on the edge of an Oligocene clayey plateau (Rasplus et
al. 1978) framed by two left-bank tributaries of river Claise. The site, interpreted as a base camp
(Klaric et al. 2011, 2018), rises to almost 135 meters ASL and dominates the valley. Discovered during
the 80’s by B. Walter, and surveyed with T. Aubry in 1999 and 2001, over 84 m? of it was excavated
between 1998 and 2008 by one us (LK). The site provided a rich lithic industry attributed to the
Rayssian phase belonging to the second half of the Middle Gravettian (Klaric 2003, 2007; Klaric et al.
2011, 2018). The technological study of the lithic industry permitted to identify a new type of projectile
- the lamelle de La Picardie — considered along with the Burin du Raysse as a fossile directeur or
marker of this period (Klaric et al. 2002; Klaric 2017). The excavation of the western sector alone,
covering 40 m? provided 13,126 artifacts as well as several thousand chips less than 2 cm in
maximum dimension, collected in each quarter m? but not recorded individually. The collection
includes a total of 405 blade, flake and bladelet cores, 738 domestic tools and at least 218 retouched
bladelets. Level 2b, approximatively 20 cm thick which contains the majority of the lithic industry,
suffered deformations related to freezing and thawing, but resisted displacement or truncation by
solifluction flows (Bertran et al. 2010; Klaric et al. 2011, 2018).

Most of the SSR supply resulted from the exploitation of adjacent Upper Turonian flint deposits of the
Claise valley (Masson 1986; Giot et al. 1986; Aubry 1991; Primault 2003 Delvigne et al. 2017), with
these flints making up nearly 99% of the total. However, some lithic objects had other origins.
Preliminary sorting and examination by the naked eye and low magnification observations by J.
Féblot-Augustin and T. Aubry (in Klaric et al. 2011) led to the recognition of 19 genetic types whose
origins evoked relationships with the northeast towards Cher and Loir-et-Cher, and also southwards
with the Charente. The aim of this review is to not only test the validity of these previously defined
groups, but also to determine and describe the genetic, gitological and taphonomic variability of this
supposedly exogenous lithic sample.

On a larger scale, documenting the origin of objects found on archaeological sites elucidates the
structure and extent of networks that circulate materials — and thus ideas — which are themselves
foundations of Palaeolithic cultures and may suggest their likely dissemination. As such, the Rayssian
is an ideal case study having less than thirty identified sites (n = 28) in a large portion of southwest
France (Klaric 2003, 2007, 2008, 2017); sites which are themselves grouped into three large regions:
The Périgord - Bassin de Brive — Quercy complex; The Touraine — Poitou complex and the Yonne
Valley. Other sites indicate the use of areas outside these regions: Plasenn'al Lomm in Brittany; La
Martiniére in Anjou; Les Battuts rockshelter in Tarn (Figure 5). It is therefore necessary to question the
relationships between all these sites to understand the hierarchy of exploited spaces and therefore the
paleogeography at the end of the Middle Gravettian. For example, some observations at la Grotte du
Renne in Burgundy also point to Le Grand-Pressigny area as a central location, as some of the flint
originating from Upper Turonian sources has been identified in this Rayssian site (Primault, 2003). We
have also identified many Raysse burins knapped in flint originating from the south of the Paris Basin
(Upper Turonian of the Bossay-sur-Claise region and Lower Turonian of the Cher Valley, respectively
D0018.4 and F0038.1 in Delvigne et al. 2018) in the Rayssian industries of the Bassin de Brive:
Bouyssonie cave and Les Morts rockshelter (Delvigne and de Parthenay, unpublished). This last
observation illustrates the importance of relationships between Aquitaine, which contains most of the



Rayssian sites, and the south of the Paris Basin. Similarly, there are questions to ask about the status
of the apparently empty spaces: the Charente, middle Loire valley and central Paris Basin. As
presented here, the precise petrographic description of the different types of SSR is therefore intended
to document the diversity of materials present in the site and thus to make a first step in the study of
“networks of places” (Debarbieux 2009; Delvigne, 2016) used in the Middle-recent Gravettian.

3.2 Petrological diagnosis

The series considered in this analysis concerns only the SSR deemed to be exogeneous (n = 148, 36
of which produced 15 refitted objects). They come from excavations that took place between 1999 and
2008 (1999, n=1;2001,n=12;2003 n=19;2004 n=18;2005n=51;2006 n=19 ;2007 n=6;
2008 n= 22) and came from 28 different squares (E1, F1, D98, D99, D100, E100, E96, E97, E98, E99,
F96, F97, F98, F99, F100, G96, G97, G98, G99, G100, H98, H99, 196, 197, 198, 199, J98, K98). Each
piece has been described using the 164 fields of the three database forms described above and which
define the genetic, the gitological and taphonomic variability of this part of the total lithic assemblage.

Eighty-three of the total of 148 pieces have no patina. For the remainder, the main post-depositional
alteration is the formation of a white patina. Thus, besides one piece with a strong red patina, 69
pieces have developed a white patina, 34 of which are of low intensity, 23 of medium intensity and 12
of strong intensity. Of the 69 pieces, 21 show a patination polarity (that is to say that the patina affects
only a part of the piece), while 48 are completely patinated. Three pieces show a double patina
attesting to (re)knapping following an initial period of alteration, either for débitage operations (n = 2)
or for a retouching operation. Regarding the attrition of the pieces, 76 have slight shocks on their
edges and 20 of these also have shocks on the ridges and three on other surfaces (streaks and
shocks). No evidence of any thermal alteration was observed (mostly freezing or rarely heating),
although in the rest of the series many pieces were broken by freezing (Klaric et al. 2011). Most post-
depositional gloss is of medium intensity (n = 133) and only three pieces have a high luster.

This analysis shows that the degree of integrity of the levels, particularly level 2, is reasonable despite
the geoarchaeological studies and field observations that revealed the remobilizing processes,
particularly cryoturbation that affected the deposit (Bertran et al. 2010; Klaric et al. 2011). Disparity
between our conclusion of rather weak remobilization and the geoarchaeological evidence probably
results from sampling, remembering that the vast majority of the 13,126 pieces were not studied,
because our analysis was focused on the presumed allochthonous material and not on the Upper
Turonian flint that outcropping near the site.

On this site, the patina formation process related to very local specific taphonomic conditions seems
very complex (Caux, pers. com.). As was noticed, artefacts recovered from under large limestone
blocks were fresh looking and unpatinated while those coming from exposed locations were
considerably patinated. Some refitted objects illustrate this phenomenon well as some unpatinated
blades fit on patinated cores excavated from different excavation squares (Klaric et al. 2018).
However, the existence of a few double-patinated artefacts (n = 3) in allochthonous SSR (group 01, 04
and 07), cannot be explained satisfactorily at present:

- 1) the objects were knapped and abandoned prior to their introduction into the site, then knapped a
second time (or retouched) before or upon their arrival at La Picardie. This hypothesis suggests a
spatial separation between the several steps of the chaine opératoire;

- 2) the objects were knapped and abandoned in the site. After a time, humans returning to the site
have recovered the previously knapped elements in order to re-use them. This hypothesis suggests a
diachronous occupation of the site.

In order to better understand this patination phenomenon, a first step would consist of identifying
double patination in the non-examined part of the lithic assemblage, if any.

We identified 12 different genetic types of SSR (as opposed to the 19 identified in the previous studies
based on 140 objects, see Table 1), divided into different source types (Table 2). Six pieces remain
indeterminable because of excessive degrees of post-depositional alteration. The recognition criteria
for each group are summarized in Table 3. Details of the different genetic groups identified by
indicating as far as possible their gitological diversity, the previous group in which they were placed
and our hypotheses in terms of origin is described in the supplementary information provided and
each is illustrated in plates SI-1 and SI-2.



3.3 Example of the gitological approach

As we have seen above (section 2.1), evolutionary processes not only affect the outer envelope of a
rock but its whole volume and their intensity depends largely on the rock’s degree of porosity (Thiry et
al. 2014). In this respect, it is possible to recognize the gitological origin of a sample, even one lacking
a cortical zone, but only if the geological references (rock libraries) are complete, well described and
integrated with the concept of an evolutionary chain. Taking as an example the Upper Turonian from
the Claise Valley, whose different sources are now well identified thanks to the work of the PCR
Réseau de lithothéques en Centre-Val-de-Loire we begin to see the usefulness of our methodology.
We illustrate this assertion in Figure 6. We observe at top left a geological sample from the middle
terrace of the Creuse Valley collected in the vicinity of Yzeure-sur-Creuse. All the micro-faciological
criteria indicate that this flint comes from the Upper Turonian formation like those outcropping
nowadays eastward in the Claise Valley, between Preuilly-sur-Claise and Le Grand-Pressigny (type
D0018.1 see Delvigne et al. 2017, 2018). It bears a neocortex typical of an ancient alluvium exposed
to wind activity (Figure 6a) marked by smoothed shock marks (of crescent and V forms), a black
patina, an intense recrystallisation process that formed a true neocortex and a shiny polish. Its
endocortical zone is marked by depigmentation due to an increase of neo-porosity induced by the
dissolution of the siliceous matrix and the over-oxidation of the allochems (Figure 6b). This is a
classical phenomenon for this flint zone, which is the most porous and therefore most hydraulically
active (Fernandes et al. under press). In the inner body (Figure 6¢), matrix evolution is less
pronounced and comparable to that observed in samples coming from “clay with flints” (Figure 6e) but
because of secondary siliceous epigenesis, the allochems have begun to disappear.

Such microfacies, with a highly evolved endocortical zone and a less evolved inner zone but marked
by a disappearance of allochems is observed on archaeological pieces (respectively Figures 6d and
6e). Despite their distinct macroscopic appearance, these two objects are made of Claise Valley
Upper Turonian flint as proven by their microfacies and particularly their micropaleontological
contents: same size, type and abundance of detrital quartz grains and pelloides, same family and size
of benthic foraminifera (miliolids; cf. Quinqueloculina), scarcity of monaxone spicules of
Demosponges, absence of cheilostome bryozoans and glauconite and so on. The macroscopic
variability of these two objects is a direct consequence of 1) the journey taken by the rocks between
the primary deposit and the old alluviums of the Claise River formations and 2) the zone of the block
from which they were knapped (inner zone vs. endocortical zone).

This example illustrates the necessity for creating rock reference libraries that take into account the
different types of deposits (alterites, colluviums, alluviums of different ages...), but also that
archaeological objects need studying with a perspective that incorporates the concept of an
evolutionary chain. Such allows not only better categorization of the types of raw materials by
grouping objects that with the naked eye have different characteristics, but places them in their
geographical context, and documenting complex human behaviors in respect to the mineral
environment.

4. Discussion

In addition to the critical review of the groups and origins of lithics previously identified at La Picardie,
the aim of this work was to establish the petrographic profile of each object in order to enrich the
knowledge about the petrographic variability of the rocks exploited by prehistoric humans (see
supplementary information). Indeed, if it is necessary to establish rock libraries with data as precise as
possible (see the GDR Silex project that started in 2019 in France), it is also essential to properly
document and illustrate the SSR types present in the archaeological sites. This work is all the more
important now that we are increasingly recognizing the circulation of lithic raw materials that took place
over long distances in western Europe, and this not only for different periods of the Upper Palaeolithic
(e.g. Masson, 1981; Bordes et al. 2005; Primault 2003; Foucher 2015; Delvigne et al. 2017, 2019a;
Sécher et Caux 2017; Tomasso 2018), but also for the late Middle Paleolithic (Raynal et al. 2007;
Fernandes 2012; Vaissié et al. 2017; Vaissié PhD in progress). The results presented are based on
the approach we develop since several years in the Centre-Val de Loire region of France. In this
respect, the description in several papers of the autochthonous types - notably of the Lower Turonian
and Upper South of the Paris Basin (Delvigne 2016 ; Delvigne et al. 2017, 2018) makes it possible to
establish with precision the origin of these materials and to identify their variability (see chapter 3); but
the study we undertook at La Picardie goes far beyond since we identified extra-regional materials or
rarely exploited regional materials (Middle Turonian flints, Eo-Oligocene silcretes) which nevertheless



circulated over great distances as seen in the recent Gravettian series of Le Blot (Delvigne 2016) or in
the middle Magdalenian of Bouyssonie cave (Langlais et al., in press).

Coupled with the design of rock libraries incorporating the concept of an evolutionary chain of SSR,
the method set up and developed in the form of a database documenting the different stages in the life
of archaeological artefacts provides results, not only in terms of genetic diversity (identification of
geotopes), but also in terms of geological variability (diversity within various geotopes). The case of
the three non-cortical blades known to be allochthonous (former groups 10, 15 and 18), but in fact
corresponding to a post-genetic evolution of the local upper Turonian flints in the terraces of the Claise
river (group 3), is a good example (see 3.3., and Figure 6). Thus, even for objects bearing no cortical
surface, we have been able to determine their genetic and gitological origins. Beyond the identification
of the geotope exploited, the contribution of finished products - here blades - in evolved Upper
Turonian flint, on a site where the production and the manufacture of blades in Upper Turonian flint
from residual formations is ultra-dominant, reflects a particular economic behaviour of the Middle
Gravettian humans who moved within the entire valley of the Claise.The idea of La Picardie being a
base camp (Klaric et al. 2011, 2018) as already suggested by the activities carried out there, is
reinforced by a behaviour towards raw material supply and landscape relationships favouring local
geotope resources : Middle Turonian flint collected near the primary deposit (group 09, c. 8.5 km
northwest) and probably in ancient alluvium (group 10 and 12) of the Claise Valley, or from the
neighbouring watershed (group 11, Upper Turonian from the Brignon Valley, c. 15 km west).

In addition to these local flints, we confirmed the existence of the two main source areas suspected
during previous studies: the Charente, and more particularly the Angouléme region with groups 01 and
08, respectively from Coniacian and Turonian terrains (c. 150 km southwest) - and the lower and
middle part of the Cher Valley (Figure 7). About Charente, it appears that most of the flint was
acquired near the primary deposits in the residual formations containing flint or in the slope deposits.
On the other hand, flint from the Cher valley shows a different deposit source: clay with flints for group
04 (c. 50 km northeast) and low terraces of the Cher near Saint-Aignan for group 07 (c. 60 km
northeast). If they also indicate an eastern geotope, the two silcrete elements of group 02 were
collected near deposits located about 120 km to the east, in the middle Cher valley. Finally, in addition
to five elements of indeterminate origin (too strongly weathered), two artefacts of unknown origin
remain. They correspond to pedogenetic silcretes which probably come from the Eo-Oligocene
terrains of the north-western margin of the Massif Central. But to confirm this point we need to extend
the survey into this area and expand the existant rock libraries. The size of this litho-space (sensu
Delvigne 2016) thus makes it possible to widen the distribution range of the Middle-recent Gravettian
to areas previously devoid of sites from this cultural period.

In a techno-economic approach to analysing lithic industries, it is essential to identify the genetic and
gitological diversity of the materials (supra), but it is also necessary to coordinate these data with
those of the lithic technology (Table 4). To count the number of artefacts in such an approach we have
to consider the number of refitted pieces (e.g. if three bladelet fragments in the general count fit
together they count as 1 bladelet), this explains the difference in total numbers between tables 2 and
4. Having taken this coordinating step we can now make assumptions about how landscapes were
used since their value in paleo-ethnographic terms is different if a zone is defined using a single raw
material or by several raw materials treated in a particular way. However, techno-economic
reconstructions are eminently dependent upon sampling, insofar as we consider it a priori as the
reflection of an archaeological reality valid at any given time. In our case, we assume that the
sampling of allochthonous materials is technologically consistent with respect to the excavated area
(c. 40 m?), (assuming that our interpretations are valid at this scale for the site), and to petro-
archaeological sorting between autochthonous and allochthonous materials. Indeed, we think that
during the first sorting made with the naked eye, the part of allochthonous materials has been over
emphasised, as shown by our reallocation of five of the twelve groups back to the local environment. It
is therefore a question of structuring the litho-space of La Picardie in terms of quantity, gitological
diversity and type of introduction for each raw material (Figure 7).

Local flint types (03, 09, 10, 11, 12) were brought in as knapped products (blades and flakes), either
unmodified or transformed (e.g. as burins). A hypothesis for on-site knapping of burin spalls and their
subsequent export from the site (or from the excavated area of the site) remains for types 03 (Upper
Turonian from the Claise valley), 11 (Upper Turonian from the Claise valley) and 12 (undifferentiated
Turonian from Touraine).



Concerning the flints from Charente (types 01 - Figure 8.1 to 8.5 - and 08 - Figure 8.10, 8.11, 8.13 to
8.15), we determined that they were brought as raw and retouched blanks (including blades) and,
perhaps for type 01 (Coniacian from Angouléme region), as a prepared blade core. Indeed, some rare
knapping maintenance flakes of type 01 were identified, testifying to knapping activities occurring at
the site. The blades of type 01 and 08, which were probably transformed into burin were used on the
site, as well as autochthonous Upper Turonian flints (Klaric et al. 2011, 2018). In the same way,
comparison between the number of burins and bladelet-like blanks (especially burin spalls) group of
material by group of material (table 4) suggests:

1) the export of some burins or bladelet-cores from the excavated area,

2) the introduction into the site of previously knapped bladelet-like blanks or,

3) a mix of these two hypotheses.

All the more that during the initial sorting of the raw material with the naked eye, it is possible that
some bladelet-like material, because of patination could be still present in sieve residues.

This economic behaviour is all the more surprising for type 01 that it occurs farthest from the site (c.
150 km).

The flint of the low and middle valley of the Cher, that of groups 04 and 07, arrived in the form of
knapped products transformed into domestic tools (retouched elements, scrapers, etc) (Figure 8.6 to
8.9 and 8.12) or hunting weapons (retouched bladelets) (Figure 8.X). Similar introductions occurred for
silcretes of groups 02 (Eo-Oligocene from the middle part of the Cher valley), 05 and 06 (both Eo-
Oligocene from the northern margin of the Massif Central), (Figure 8.16 and 8.17), brought to the site
as bladelet-like products - retouched or unmodified - which suggests in situ repair of hunting weapons.
It should be noted that the lamelles de la Picardie are made of Angouléme Coniacian and Turonian
flint (types 01 and 08) (n = 10 and n = 1), from the Lower Turonian of the Cher valley (type 04) and in
Eo-Oligocene silcrete from the north of the Massif Central (type 06) (n = 1). The heavy presence of
group 01 flint is probably due to the dominance of this type (50%) within the allochthonous
assemblage, but we have not found any burin du Raysse, or cores for lamelles de la Picardie, in
groups 01, 08 or 06; the only burin du Raysse made in allochthonous raw material being of type 04 (n
= 1). Therefore, a question arises: where are the hunting implements associated with type 04 and
cores of types 01, 06 and 087 Were these elements carried away when humans left the site? Are they
located in an unexcavated zone suggesting a spatial organisation for site activities? Or were lamelles
de la Picardie of types 01, 08 and 06 brought into the site already attached to a weapon possibly
damaged?

It seems that the local landscape (c. 20 km around the site), and especially the Claise watershed, was
widely traveled, possibly during the course of other activities. For the Charente, the lithological
diversity is very low with just two genetic types, probably coming from the same type of deposits, and
the flint being brought into the site as already knapped products and perhaps as already prepared
cores. This behavior evokes a scene in which one or a few individuals arrive carrying ready prepared
materials which are maintained and flaked on the site when undertaking daily activities. There are few
and consequently rare Rayssian clues for this region mainly from the site of Les Vachons in
Voulgézac (Charente). Between La Picardie and this site, only three Rayssian sites have been
identified (Figure 5) and in all of them Raysse burins are very scarce according to what has been
published (Les Roches rockshelter at Pouligny-Saint-Pierre (Indre), Laraux rockshelter at Lussac-les-
Chateaux (Vienne) and Le Taillis des Céteaux at Antigny (Vienne). For the low and middle valley of
the Cher, it appears that most of the objects were brought to the site in the form of a domestic tool-kit
that also contained armatures, suggesting the group participated in other activities prior to their arrival
at the site or, less probably given the distance and the low diversity of gitological types, of logistic
mobility strategies involving La Picardie site. The status of the Cher valley is thus different, but here
again we do not know any Rayssian site. However, these regions are poorly studied and the works
undertaken this past three years by different research teams in the framework of preventive and
programmed French archaeology will certainly bring new insights.

5. Conclusion

The use of a database containing all the genetic, gitological and taphonomic information for the study
of the lithic raw materials made it possible to group in a different manner the objects previously sorted
with the naked eye using the criteria of color and roughness (Table 1). This result points out the
difficulty in identifying precise groups of material and their sources with the naked eye alone (e.g.
Mauger 1985, Valensi 1955; Masson 1981; Fernandes 2006, 2012; Delvigne 2016; Delvigne et al.
2019a). In thi; respect, the use of the database we propose makes it possible to define the different



types of materials with a set of standardized variables. Indeed, only the combination of the different
detrital, chemical, biogenic and structural characteristics makes it possible to define the genetic types
which can then themselves be subdivided into as many gitological groups as necessary according to
the criteria of alteration like inherited color, whitening of the allochems, degree of secondary
epigenesis, natural use-wear, pre-depositional patina and gloss, type of porosity and poro-necrosis
etc. Above all, it is the accuracy of the attributes in the database with its 164 descriptive fields, that
allows these groupings to be determined. Even when a large family of material can be discerned using
the naked eye, there generally remains a group of objects that do not fit the pre-established categories
or which have a confused identity. But it is these latter elements which are interesting as they may
indicate long-distance contacts between groups or perhaps locally exploited formations that
demonstrate human great familiarity with a geotope. We conclude that it is only by knowing the
diversity, quantity and mode of introduction into a site of the different types derived from discrete areas
that one can postulate the type of acquisition into a site, either direct or indirect. Our assertion thus
indicates a crucial need to properly decipher the genetic and gitological variability of the lithic
industries.

Identifying the collection locations requires:

1) the integration of an evolutionary chain concept at the very beginning of the survey work;

2) a rather exhaustive inventory of sources;

3) a database of discriminating characteristics according to the different types of superficial
formations.

Such inventories exist, especially those developed in the different PCR Réseaux de lithothéques and
the GDR Silex operating in France. The ultimate objective of these projects is to build a community
around common projects, bringing participants together regularly in order to share knowledge and
know-how that goes beyond the individual initiatives and quests. This paper is offered from this
perspective, since it is a question of presenting for a given site the different identified siliceous facies,
along with their origin. It thus creates the beginning of an archaeological reference with broad access
because petroarchaeology usually suffers cruelly from a lack of searchable and usable published
references. Therefore, even if the origin of certain materials remains unknown (cf. groups 04 and 05),
it seems essential to describe them as fully as possible so that others may take up the problem and
possibly achieve their identification; hence the importance of differentiating between unknown,
indeterminate, and indeterminable origins.

Thanks to the different rock libraries recently established, and by considering the concept of an
evolutionary chain of SSR, we were able to identify (or at least present assumptions about) the origin
of the groups of materials defined at La Picardie. This allowed the confirmation of geotopes where
late-middle Gravettian Rayssian period sites are rare or even absent, like in the Charente or the Cher
valley. Note that some older or younger sites are known in this region - few burins du Raysse and
recent Gravettian at les Vachons (Bouyssonie, 1948) and early-middle Gravettian (Noaillian) at André
Ragout rockshelter in Vilhonneur (Tixier, 1958) for the Charente, as Noaillian and recent Gravettian at
La Croix de Bagneux (Kildéa and Lang 2011) an open air-site at Mareuil-sur-Cher for the Cher valley,
suggesting the sustained use of a this geographical spaces during the second half of the Gravettian
culture. It is thus a matter of questioning the structure of the relationships between spaces with indices
of sites and without indices of sites. In this, the Rayssian period is a useful case study because of the
small number of sites and their location in very discrete spaces. We deem it necessary to develop this
approach for other sites, as undertaken in the Bassin de Brive. It will also be very interesting to set up
similar approaches for sites located outside the "classical" areas of the Middle-recent Gravettian:
Brittany including Plasenn-al-Lomm open air site (Monnier 1982; Le Mignot 2000), the Lower Loire
valley with La Martiniére open air site (Allard, 1986) and Yonne valley with the sites of Grotte du
Trilobite and Grotte du Renne at Arcy-sur-Cure (Leroi-Gourhan et Leroi-Gourhan 1964; Schmider et
Leroi-Ghouran 2002; Klaric 2008; Goutas 2013) and thus better understand the dynamics of lithic
diffusion and landscape structures of this prehistoric culture.
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Figures captions

Figure 1: Examples of different degrees of transformation of (neo)cortex for the same genetic type flint
(here the Turonian of the Yonne valley) collected in secondary position in the lower terraces (on the
left), in the middle terraces (in the center) and in the high terraces (on the right).

Figure 2: Example of results of flint formations vector shapefiles digitized using the harmonized
protocol, QGis software and scanned geological maps in the background.

Figure 3: ArcGisOnLine web mapping application showing scanned geological maps (background)
used for digitizing flint formations (vector shapefile) according to the harmonized protocol.

Figure 4: Data description, metadata, webservices URL and downloading functionalities

Figure 5: Sites mentionned in the text. Black star: La Picardie ; White dots: other sites with Raysse
burin-core; Grey dots: Gravettien sites with no Raysse burin-core. 1: Plasenn’al Lomm; 2: La
Martiniere; 3: La Croix de Bagneux; 4: Grotte du Renne and Grotte du Trilobite; 5: La Picardie; 6: Les
Roches rocksheleter 7: Le Taillis des Coteaux; 8: Laraux; 9: Abri André Ragout and Vilhonneur; 10:
Les Vachons ; 11: Grotte Bouyssonie and Les Morts; 12: Les Battuts. Little white dots correspond to
site with Raysse burin-core not mentionned in the text.

Figure 6: An example of an evolutionary chain of SSR: the upper Turonian from the Claise Valley
(Indre-et-Loire) with miliolid foraminifera (Quinqueloculina sp. marked Quin. on pictures). The
microfacies of the two archaeological pieces (in the center; photos d and e) correspond to that of the
geological sample collected in ancient alluviums deposits (top photos b and c). In addition, the
differential alteration of the elements indicates that the G3_F98b_103 blade (bottom center) was made
in the endocortical zone of a block, while the G3_196_105 slide (lower right) was made in an inner
zone of a block.

Figure 7: La Picardie - Litho-space. The solid lines are proven relations, the dotted lines correspond to
hypothetic relations. The map background shows the formations with SSR (unpublished work of VD,
PF and P. Tallet).

Figure 8: La Picardie — lithic artefacts.

Table 1: La Picardie - Correlation of groups of materials from the 140 objects studied previously. On
line, this study; in column, previous sorting with the bare eye.

Table 2: La Picardie - Number, weight and gitology of the different groups of material. Prim = primary,
Sup. = superficial formations (colluviums or alterites), All. = recent alluvial formations, Old All. =
ancient alluvial formations (terraces), Ind. = Indeterminate.

Table 3: La Picardie - Synthetic table of SSR groups. (-) = rare; (0) = present; (+) = abundant; (+++) =
very abundant.

Table 4: La Picardie - Mode of introduction into the site of the different groups of SSR. Ip = lamelle de
la Picardie, rb = retouched blade; rf = retouched flake, t = truncation; bb = backed bladelet; tb =
truncated bladelet; rbl = retouched bladelet; s = scraper; b = burin.



Low terrace

Middle terrace



/ QGIS 2.12.17 - Extrait_data_legende_etage = X
Projet Editer Vue Couche Préférences Extension Vecteur Raster Basededonnées Internet Traitement Aide
‘5-LEEIs - B

D-;EEE%'%‘1@Eﬁ'ﬁﬁ)‘f‘ﬂ@é“;mulﬁlfﬂﬁ R, Q-
VB S 3Ridx0BE *QR<s%%2 0By 8 Ao 4%
§L 0 B 9 D @ o ¢ ‘ as @p @o == (b .

" Couches R

o« % T & -6 AL

v [ C7 Formations a silex

Cretace
Cretace superieur
- M Eocene
B Jurassique
= M Jurassique superieur
M Miocene
Oligocene
- X

v 4 ' Carte géologique image de la France au 1/50 000e R
La légende d'image obtenue est corrompue [URL : http://gg

4

EXD9s - BARSEISHSANN

Coordonnée [ 535112,6421616 |9 Echele [1:71033 | @ Loupe[100% [%] Rotation [0,0

t]Mrendu @ epsci21s4 (-3




& PCR Réseaux de lithothéques Les données Enquéts SILEX proviennant de I'application développée avec Survey123 for ArcGIS
Ny —_

. R i< L o
‘-—r‘ 1 N

Légende

Formations & silex Dordogne

Iy aténe

I Campanienss

[y senonien

. Campanien 1-2

. Coniscien
Campanisn 3

[y Turenien

[ Tehonien

Iy Russiien

. Brizbonien moyen

o A

Infoterre du BRGM (GéoServices)

STRATIGRAPHIE

SEDIMENTAIRE ET VOLCANISME

cénazolove

mésozolove




ccueil Bibliothéque Cane Scéne Groupes Contenu Organisation

Formations a silex Dordogne + Données

# Modiier|s ministurs
Z Modifier

Ajoutez un bref résumé de I'élément.

9) Festure Layer (hébergé) par INRAPESRI

Créstion: 2juin 2016  Mise & jour: 153epr. 2017 Nombre de vuss : 558
Description
Ajoutez une description déuaillée de |
Couches
Formations_a_silex # Wodifier
BliGusirdine b Bporarvars v & Désaciiver les pidcesion o adonnées

Conditions d'utilisation # Modifier

Ajoutez des restrictions spécisles, des clauses d'exclusion de responsabilité, des termes et conditions, ou des limitstions quant &

I'utilisetion du centenu de I'élément.

Commentaires (o)

Laissez un comment:

Visualisation

Utilisation Paramétres

r dans la visionneuse de carte

Quvrir dans la visionneuse de scéne

Quvrir dans ArcGIS Desktop

Publier ~

Créer une couche de vue

Mettre & jour les données

Partager

| Exporter des données
| Métadonnées

(@]

Informations sur |'élément “
L |

Basse &

( Niout :
(f Principale amélioration : Ajouter un résumé

Détails

Source : Feature Service

Créé & partir de : Formations & silex, Shapefile
Derniére mise & jour des données : 15 sept. 2017
17:12:24

Taille : 11 M8

Partagé avec: TESTS_EXT, PCR

) En savoir plus



MANCHE

Cherbourg
el
2 <Y

ATLANTIQUE

MER MEDITERRANEE




Macroscopic view of the geological sample Geol: ancient alluviums, endocortical zone Geol: ancient alluviums, inner zone

Geol: ancient alluvium, cortex

Macroscopic view of the blade G3_F98b_103 Macroscopic view of the blade G3_I96_105
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Pliocene
Miocene
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Primary geographic origin

Type (A =12) Primary stratigraphic origin Primary geographic origin Prim. Sup. All. Old All. Ind. Number % Num. Weight % Wei.
Group 01 Upper Cretaceous (Coniacian) Angouléme region (Charente) X 74 50.00 376.60 47.04
Group 02 Cenozoic (Eo-Oligocene) Middle part of the Cher Valley (Cher) X 3 2.03 15.10 1.89
Group 03 Upper Cretaceous (Upper Turonian) Claise Valley (Indre-et-Loire) X 4 2.70 58.60 7.32
Group 04 Upper Cretaceous (Lower Turonian) Low part of the Cher Valley (Loir-et-Cher) X 17 11.49 157.10 19.62
Group 05 Cenozoic (Eo-Oligocene) northern margin of the French Massif Central X 2 1.35 0.70 0.09
Group 06 Cenozoic (Eo-Oligocene) northern margin of the French Massif Central X 2 1.35 1.20 0.15
Group 07 Upper Cretaceous (Lower Turonian) Low part of the Cher Valley (Loir-et-Cher) X 8 5.41 27.00 3.37
Group 08 Upper Cretaceous (Turonian) Angouléme region (Charente) X 24 16.22 64.50 8.06
Group 09 Upper Cretaceous (Middle Turonian) Claise Valley (Indre-et-Loire) X 3 2.03 42.00 5.25
Group 10 Upper Cretaceous (Upper Turonian) Claise Valley (Indre-et-Loire) X 1 0.68 12.90 1.61
Group 11 Upper Cretaceous (Upper Turonian) Brignon Valley (Indre-et-Loire) X 2 1.35 22.30 2.79
Group 12 Upper Cretaceous (Turonian) Claise Valley (Indre-et-Loire) ? ? 2 1.35 18.10 2.26

Indeterminate undocumented undocumented 6 4.05 4.50 0.56

Total 148 100.00 800.60 100.00




Geotope origin

Poitou

Cher Valley

Touraine

North-West Massif Central ?

Type

Group 08 - Angouléme region

Group 01 - Angouléme region

Group 04 - Cher Valley

Group 07 - Cher Valley

Group 02 - Cher Valley

Group 09 - Claise Valley

Group 03 - Claise Valley

Group 10 - Claise Valley

Group 11 - Brignon Valley

Group 12 - Claise Valley

Group 05 - North Massif Central

Group 06 - North Massif Central

Primary stratigraphic origin

Upper Cretaceous (Turonian)

Upper Cretaceous (Coniacian)

Upper Cretaceous (Lower Turonian)

Upper Cretaceous (Lower Turonian)

Cenozoic (Eo-Oligocene)

Upper Cretaceous (Middle Turonian)

Upper Cretaceous (Upper Turonian)

Upper Cretaceous (Upper Turonian)

Upper Cretaceous (Upper Turonian)

Upper Cretaceous (Turonian)

Cenozoic (Eo-Oligocene)

Cenozoic (Eo-Oligocene)

Type of silicite

closed plateform marine flint near the
barrier

inner (closed ?) plateform marine flint

external open plateform marine flint

external open plateform marine flint

pedogenetic silcrete

inner (open ?) plateform marine flint

inner closed plateform marine flint

inner closed plateform marine flint,
near the shoreline

inner closed plateform marine flint

inner closed plateform marine flint

palustrial pedogenetic silcrete

palustrial pedogenetic silcrete

primary color(s)

grey to black grey to black grey grey grey undeterminate and black grey green grey to black undeterminate undeterminate grey
"acquired color(s) brown brown blonde blonde blonde orange to brown brown brown brown brown undeterminate blonde
||Porogenesis vuggy (-) and interparticle (o) X intraparticle (o) X intraparticle and channel intraparticle X interparticle interparticle and vuggy X X channel
Poronecrosis filled by amorphous or fibrous silica X filled by FeO oxides X linned by translucent silica clogged by translucent silica X left empty clogged with automorphic quartz X X clogged with translucent silica
homogeneous to hetrogenous (even
Structure homogeneous to bioturbated homogeneous to bioturbated homogeneous g 8 ( homogeneous to bioturbated homogeneous homogeneous homogeneous homogeneous and zoned homogeneous bioturbated bioturbated

bioturbated)

Allochems (abundance) (%det ; %chi ; %bio)

50 % (75 to 50%, 10 %, 25 to 50 %)

=30 % (75%, 10%, 15%)

<10% (25%, 10%, 75 to 90%)

< 10% to 40% depending on the zone

(10%, 0%, 90%)

<20 % (80%, 20%, 0%)

= 50% (75%, 0%, 25%)

= 40% (10%, 60%, 30%)

30 to 40% (50%, 50%, 10%)

20 to 30% (40%, 20%, 40%)

< 10% (70%, 0%, 30%)

<20% (100%, 0%, 0%)

<20% (100%, 0%, 0%)

Sorting of clasts well sorted well sorted undeterminable undeterminable very well sorted well sorted well sorted very well sorted well sorted well sorted well sorted well sorted
Distribution of clasts heterogenous homogeneous homogeneous homogeneous homogeneous homogeneous homogeneous homogeneous homogeneous homogeneous homogeneous homogeneous
Type of allochems multiple biogenic biogenic detrital multiple multiple detrital multiple multiple detrital detrital
authigenic minerals < 50 microns (+++) ; pyrite (0) 50 to 200 microns (+++) X X X 50 to 200 microns (+++) X X X < 50 microns (++) X X

Detrital component

quartz grains (o), glauconite (-), black
volcanic minerals (o)

quartz grains (+) ; black volcanic
minerals (o)

quartz grains (-), white and
black exoclasts (-)

quartz grains (---),
white exoclasts (---)

quartz grains (++)

quartz grains (+) ; glauconite (o)

quartz grains (o), clay exoclasts (-)

quartz grains (+++), glauconite (+++),
initially carbonate clasts (-)

quartz grains (o), glauconite (o),
initially micritic clasts (o)

quartz grains (o)

quartz grains (o) ; white
undeterminate clasts (o)

black volcanic clasts (o)

Shape of detrital clasts

sp.0,7-0,9; arr. 0,7-0,9

sph.0,5-0,7; arr.0,7-0,9

sph.0,7-0,9; arr. 0,9

sph.0,7; arr.0,9

sph.0,7-0,9; arr. 0,9

sph.0,5-0,7; arr.0,9

sph.0,7-0,9; arr.0,5-0,7

sph.0,5-0,9; arr.0,7-0,9

sph.0,7-0,9 ; arr.0,5-0,7

sph. 0,7, arr. 0,5-0,7

sph.0,5; arr. 0,5

sph.0,7-0,9; arr.0,9

Average size of detrital clasts 100 to 200 microns 50 to 100 microns < 100 microns < 100 microns 50 to 100 microns <100 microns 100 microns 150 microns 100 microns 100 microns 50 to 200 microns 50 to 200 microns

Chemical component pelloids (200 microns) (-) pelloids (200 microns) (---) pelloids 200 microns (---) X vadoids (> 500 microns) (-) X pelloids (150 to 200 microns) (+++) pelloids (150 to 200 microns) (+++) pelloids (150 to 200 microns) (+) X X X

Algae dasycladaceae (o) lithopyllum (o) X X X dasycladaceae (-) dasycladaceae (-) X X dasycladaceae (-) X X

Echinoids plates and spikes (0 > +++) plates and spikes (o) plates and spikes (+) spikes (---) X plates and spikes (-) X X X X X X

Bivalves fragments of shell (+) fragments of shell (-) fragments of shell (o) fragments of shell (-) X fragments of shell (-) fragments of shell (o) fragments of shell (-) X X X X

Gastropods X X X X X X X X X X X X

Hexactinnellids: monaxones (o) ; Hexactinnellids: monaxones (o) ; Hexactinnellids: monaxones (o) ; Hexactinnellids: monaxones (+) ; .
Sponges R . ] ; X Demosponges : monaxones (0) Demosponges : monaxones (o) Demosponges : triaxones (-) Demosponges : monaxones (0) Demosponges : monaxones (-) X X
triaxones (-) triaxones (-) triaxones (o) or fused (o) triaxones (+) or fused (+)
Bryozoans cheilostomes (---) X cheilostomes (o) X X X cheilostomes (-) X cheilostomes (o) cheilostomes (-) X X
Textularid ; Rotalid ; Textularid -) ; Rotalid ) ) ) .
Benthic foraminifera extuant et'—,\.e (9) otalideae (o) extuant elzae( ) otalideae (o) Rotalideae (o) X X X Textularideae (0) ; Miliolideae (++) X Textularideae (o) Textularideae (o) ; Miliolideae (o) X X
Miliolideae (---) =>juvenile forms
i . i Heterohelicideae (o), Globorotalideae
Planktonic foraminifera X X Globorotalideae (o) . X X X X X X X X
(o), Hedbergellideae (o)

Ostracoda X X X X X X X X X X X X

||Organic material X X X X X X X X X X X X
isolated worms tubs (-) ; fish vertebra (o) ; colonial fish vertebra (-) ; colonial i
Other(s) t) Incertae sedis (+ > +++) (o) ) tubular roots (o) X X X Incertae sedis (0) X worm-shaped forms (o) roots (o)

Incertae sedis (o)

worms tubs (o)

worms tubs (-)




Type of blank

Generic category of tools

Mode of introduction on the site

Anomaly inferred from the previous date

Type Core Flake Blade | Bladelets Burin Debris Retouch | Retouched Hun.tlng Domestic unshaped already shaped blank finished product indet. missing products
spall flakes products point tool block cores

Groupe 01 - 7 17 15 (10lp) 21 2 5 Srb+1rf 1bb 1s+6b - (for blades ?) Blades Retouched pieces - Bladelets cores + Burin du Raysse
Groupe 02 - 1 0 1 - - - - 1tb 1b - - - tool + hunting point - -
Groupe 03 - - 4 - 1 - - - - 1b - - Blades - - Burin spall ?
Groupe 04 - 1 8 2 - 1 - 1t+1rb 2rbl 3b+2s - - (Blades ?) Retouched pieces - -
Groupe 05 - - - 1 - - - 1rbl - - - - Retouched bladelet - -
Groupe 06 - - - 1 (1lp) - - - - - - - - Bladelet - - -
Groupe 07 - - - 1 1 - 2 - 1rbl 1b - - Blade - - -
Groupe 08 - - 7 1 9 2 1 - - 2b - - Blades - - Burin ?
Groupe 09 - 1 2 - - - - 1t - - - - Blades - -
Groupe 10 - - - - - 1 - - - - - - - - -
Groupe 11 - 1 1 - - 1 - - - 1b - - - Burin + flake - Burin spall ?
Groupe 12 - - 1 - - - - - - 1b - - - Burin - Burin spall ?






