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CHARACTERIZATION OF TERTIARY FLINTS BY 
GEOCHEMISTRY: APPLICATION TO THE FRENCH TERRITORY

FRÉDÉRIC SURMELY 

Service régional de l‘archéologie d‘Auvergne-Rhône-Alpes and Unité Mixte de Recherches CNRS n° 6042, GEOLAB - 4 rue 
Pascal, 63000, Clermont-Ferrand, France, e-mail: surmely.frederic@wanadoo.fr

In present-day France, tertiary flints have played an important part in the supply of prehistoric populations, 
due to their abundance, quality and presence in areas without marine flint. From the Upper Paleolithic 
until the end of the use of flint, they were transported over far distances, especially in the center of the 
Central Massif. 
In this article the geochemical method is preferred for attributing of precise geographical origin to an 
archaeological artifact. To form the geological repository, a very large geographical field was taken, 
encompassing a large part of France, from the Marne county to the Gard county, and most of the major 
French sedimentary basins (Bassin Parisien, Cantal, Gard). The archaeological corpus includes pieces 
from sites of the Upper Paleolithic and the Epipaleolithic of Auvergne. The geochemical study does 
not provide a comprehensive answer to the question of the geographical origin of tertiary flints, but 
nevertheless allows for certain and significant advances in knowledge. 

Keywords: Flint raw materials, Palaeolithic age, Magdalenian, Raw materials, Geochemistry.

Dabartinės Prancūzijos teritorijoje terciaro periode susiformavęs titnagas buvo itin svarbi žaliava 
priešistorinėms populiacijoms dėl gausos, kokybės ir prieinamumo vietovėse, kuriose nėra jūrinės kilmės 
titnago išteklių. Nuo vėlyvojo paleolito iki pat titnago naudojimo pabaigos terciaro titnago žaliava buvo 
gabenama ilgus atstumus, ypač vidurinėje Centrinio Masyvo dalyje.

Šiame straipsnyje, siekiant archeologiniams radiniams priskirti tikslią žaliavos, iš kurios jie 
pagaminti, geografinę kilmę, pirmenybė teikta geocheminiam metodui. Tyrimui panaudoti geologinių 
mėginių analizės duomenys iš plataus geografinio regiono, apimančio didelę dalį Prancūzijos – nuo 
Marnos iki Garo departamento, bei daugumą didžiųjų Prancūzijos sedimentacinių baseinų – Paryžiaus 
baseiną ir baseinus Kantalio bei Garo departamentuose. Archeologinių duomenų rinkinys sudarytas 
tiriant mėginius iš Overnės regiono vėlyvojo paleolito ir epipaleolito archeologinių vietovių. Geocheminė 
analizė nesuteikė išsamių atsakymų, kuriais remiantis būtų galima nustatyti geografinę terciaro titnago 
žaliavos kilmę, tačiau padėjo praplėsti žinias tam tikrais svarbiais klausimais.

Reikšminiai žodžiai: titnago žaliava, paleolitas, Madlenas, žaliava, geochemija.

LIETUVOS ARCHEOLOGIJA. 2020. T. 46, p. 191–206
https://doi.org/10.33918/25386514-046007

THE USE OF TERTIARY FLINT IN 
PREHISTORIC TIMES

In the territory of present-day France, Tertiary 
flints were important sources of raw materials for 
prehistoric populations because of their abundance, 
their quality (Surmely, Murat 2003), and their 
presence in sectors devoid of marine flint.

Flint outcrops were exploited since the early 
Palaeolithic. From the Upper Palaeolithic and 
until the end of the use of flint, they were the 
subject of long distance transport, like other types 
of marine f lint, such as the f lint of the Lower 
Turonian and the Upper Turonian of Berry and 
Touraine. This is the case with allochthonous 
Tertiary flint brought to the archaeological sites of 

mailto:surmely.frederic@wanadoo.fr
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Val d’Allier (Protomagdalenian and especially Middle 
Magdalenian; Surmely 2008).

In the Neolithic, long-distance distribution 
mainly concerned specialized products produced 
in large quantities, sometimes from mines. The best-
documented cases are those of Jablines and Flins for 
polished axes (Bostyn, Lanchon 1992; Giligny, Bostyn 
2016). At Taussac, there is another site with galleries 
used to extract Tertiary flint nodules, but the nature of 
the production remains hypothetical. The circulation 
of daggers at the end of the Neolithic is attested 
from a few production centers located in the Apt-
Forcalquier basin (Renault 2006; Vaquer et al. 2006), 
Gard (Salinelles, Collorgues; Vaquer et al. 2006), and 
possibly Mur-de-Barrez (Vaquer et al. 2006).

In the majority of cases, Tertiary flint has been 
the subject of specific studies, which do not allow 
comparison with other ‘competing’ materials. 
When the different types of materials are put into 
perspective, a similar use of the various flints can be 
seen. This is especially the case with daggers from the 
late Neolithic era in north-western Europe (Delcourt-
Vlaeminck 1998).

Macroscopic and microscopic examinations 
are insufficient to attribute a precise geographical 
origin to an archaeological artifact. In this article  
the geochemical method is preferred. To form the 
geological repository, we have taken a very large 
geographical field, encompassing a large part of 
France, from the Marne to the Gard, and most of 
the major French sedimentary basins (Parisien Basin, 
Cantal, Gard). The archaeological corpus includes 
pieces from sites of the Upper Paleolithic and the 
Epipaleolithic of Auvergne.

THE MULTIPLICITY OF POTENTIAL 
SOURCES

I will only speak here of intraformational 
silicifications, which excludes vein materials (of 
the opal-resinite type) and marine flint included 

in Tertiary age alterites. The materials are found in 
carbonate levels belonging to palustrine or lacustrine 
sedimentary basins whose ages range from the 
Middle Eocene (Lutetian) to the Upper Oligocene 
(Chattien). These basins are numerous in French 
territory and are found in many regions, but not in 
some ancient massifs like at the Massif Armoricain. 
Their size is very variable, ranging from a few or 
tens of square kilometres for the smallest (La Perche, 
Cher; Muides, Loir-et-Cher) to several hundred 
square kilometres with several levels of silicification 
such as the Aurillac/Mur-de-Barrez basin. The best 
documented are those of the eastern part of the Paris 
Basin, Étrelles (Haute-Saône; Cupillard et al. 1995), 
and Aurillac/Mur-de-Barrez (Cantal and Aveyron; 
Pasty et al. 1999; Surmely 2003).

DESCRIPTION OF TERTIARY 
SILICIFICATIONS

In the vast majority of cases, Tertiary flints come 
in the shape of platelets or large slabs of varying 
thickness and size, which can reach 80 cm in diameter 
and weigh more than 100 kg, as in Taussac (Aveyron), 
or even form entire (soil) horizons. The cortex is 
usually thin, but sometimes there are incompletely 
silicified subcortical layers unsuitable for knapping. 
The texture can be very fine. They are generally 
opaque and the colours range from light beige to 
black, with a wide range of more or less dark browns. 
Zonations of colour and texture, in the form of ribbons, 
laminae, and breccias, are frequent and linked to the 
phenomena of stratification and/or desiccation and 
disturbance in shallow water environments (Lozouet 
2012). Colour and structure vary greatly within the 
same horizon, or even the same nodule (Figs. 1–3). 
Some materials have a greasy, shiny appearance, which 
has earned them the vernacular name of ‘resinites’. 
This particular texture is due to their formation 
in a marsh environment with vacuolar biological 
structures (old roots) filled with a halo of fibrous 
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Fig. 1. Variability of Tertiary flint 
collected in the alluvium of a 
stream in the heart of the Aurillac /
Mur-de-Barrez basin in Giou-de-
Mamou. Photo by F. Surmely.

Fig. 2. Colour and texture variability 
in a nodule of Tertiary flint from Vézac 
(Cantal, Aurillac /Mur-de-Barrès basin). 
Photo by F. Surmely.

Fig. 3. Variability of silicifications 
collected at La Perche (Cher). Photo 
by F. Surmely.

Fig. 4. Flint from the Lasmolineries Brook 
(Thiézac, Cantal) at the eastern tip of the 
Aurillac/Mur-de-Barrez basin. Photo by 
F. Surmely.

chalcedony and a quartz core (Barrier 
1995). Translucent or brightly coloured 
silicifications are extremely rare. In this 
respect, the Lasmolineries sector, which 
offers very bright honey-yellow, rusty, 
red, greenish, and translucent white flint 
with colour gradations within the same 
block (Fig. 4), is an exception (Surmely 
2003).
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Fig. 5. Two finely streaked and similar-looking pieces of flint: 
on the left from Salinelles (Gard) and on the right from Orgnac 
(Ardèche). Photo by F. Surmely.

CHARACTERIZATION OF MATERIALS AND 
DETERMINATION OF GEOGRAPHICAL 

ORIGIN BY MACROSCOPIC AND 
MICROSCOPIC EXAMINATIONS

The diversity of the facies within the same 
sedimentary series, combined with the diagenetic 
similarity of the various Tertiary sedimentary basins 
are obstacles to determining the precise geographical 
origin of flint, especially since it could have been 
collected in different stratigraphic levels in the same 
place thanks to an escarpment or a natural cut or to 
its being found in a secondary position (alluvium, 
colluvium, decalcification clays, etc.).

Macroscopic examination
Macroscopic observation yields little information 

in terms of determining the origin of silicifications. 
Colour and texture are important criteria, but 
most of the different sedimentary basins deliver 
the same range. Hence the ‘zoned’ aspect, given 
as a characteristic of the flint in the valley of the 
Apt/Forcalquier basin or ‘brecciated’ at Collorgues 
(Gard), is found in many other materials from other 
sedimentary basins, such as those from Aurillac/
Mur-de-Barrez; Fig. 1). The finely banded structure, 
presented as peculiar to the flint of Salinelles (Gard), 

is found in other places, notably at Montclus, another 
Upper Oligocene sedimentary basin 60 km away (Fig. 
5). It is, however, possible to individualize the flint 
of the Limagne Oligocene, which displays a coarser 
texture and very frequently a banded appearance 
(Dufresne 1998; Surmely 2003).

Microscopic examination
Thin-section examination allows confirmation 

of the material’s medium of origin on the basis of 
the nature of the bioclasts (charophytes, ostracods, 
gastropods, pellets, bitumen, etc.; Fig. 6) and their 
differentiation from marine silicifications. But 
determining the precise age is impossible due to 
the rather ubiquitous nature of small bioclasts. 
The microfacies makes it possible to distinguish 
diagenetic categories, linked in particular to a 
lacustrine or palustrine origin, but does not give 
any indication in terms of precise origin or even age. 
Tertiary sedimentary basins are characterized by 
sudden variations in facies, linked to the small size 
and thickness of the water coverings, which induce 
different facies a few meters away, both vertically 
(stratigraphically) and horizontally (lateral variation) 
(Barrier 1995; Cupillard et al. 1995).

So, macroscopic and microscopic examinations, 
although they give useful indications, are not 
sufficient to determine the geographical origin of 
the materials used for the prehistoric lithic industry.

GEOCHEMICAL STUDY

Framework
The present study is linked to the resumption of 

research on two important Magdalenian deposits in 
the central part of the Massif Central: Le Blot (Haute-
Loire) and Enval (Puy-de-Dôme).

The Enval site is located near important sources of 
Tertiary flint in Limagne d Áuvergne (Dufresne 1998; 
Surmely 2003). Despite this, prehistoric populations 
used fine-grained allochthonous Tertiary flint, which 
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is very different in appearance from local flint and 
amounted to as much as 4% of the total supply of 
flint (by weight), 15% (by quantity of tools) (Figs. 7, 8). 
This characteristic reflects the specific management 

and the distant origin of these materials compared 
to that of the local flint.

Le Blot is located in an area devoid of knappable 
flint. The closest flint sources are the Aurillac/

Fig. 6. A Characeae stem and an oogonium in a piece of Tertiary flint. Photo and analysis by P. Barrier.

Fig. 7. Allochthonous Tertiary flint tools from the US80 level of the Enval-Moliard shelter (recent Middle Magdalenian; Vic-le-
Comte, France; excavation by F. Surmely). Photo by F. Surmely.
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Fig. 8. Distribution of the main technological categories for local and allochthonous Tertiary flint, from the Magdalenian site of 
Enval. Table by F. Surmely.

Fig. 9. Tertiary flint tools from the Le Blot site (Middle Magdalenian, excavation by Delporte). Photo by F. Surmely.
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Fig. 10. Lithic industry in Tertiary flint from Les Bughes site (Azilien, La Tour d’Auvergne; excavation by Surmely). Photo by 
F. Surmely.

Mur-de-Barrez, Malzieu, and Limagne d Áuvergne 
basins. Tertiary flint represents an important part of 
the supply for the Magdalenian populations, i.e. more 
than 40% by weight of the lithic pieces found (Fig. 
9). It is an exclusively fine-grained flint, different in 
appearance from Limagne flint, which must therefore 
be excluded as a possible provenance.

To these two Magdalenian sites have been added 
samples from various Upper Palaeolithic and post-
Palaeolithic sites from the central part of the Massif 
Central such as Le Sire (Mirefleurs, Puy-de-Dôme, 
Early Gravettian), La Bade (Collandres, Cantal, 
Magdalenian), Thônes (Grandeyrolles, Puy-de-Dôme, 
Magdalenian), Les Bughes (la Tour d’Auvergne, Puy-
de-Dôme, Epipalaeolithic; Fig. 10), and Le Croizet 
(Brioude, Haute-Loire, probably Magdalenian).

Finally, the question, recently asked by 
M.  Remirecourt and J. Vaquer, about the 
characterization of the production of Neolithic flint 

mining in Taussac at the southern tip of the Aurillac/
Mur-de-Barrez basin, was considered (Surmely, 
Santallier 2003; Remirecourt, Vaquer 2017).

Protocol and methodology
Trace element geochemistry is an analytical 

method that reveals the chemical signature of 
rocks and their possible specificity. It is applied to 
all types of rocks, considering that rocks from the 
same sedimentary basin, sector, or stratigraphic level 
may have specificities related to their diagenesis. This 
method has been applied to Tertiary flint for about 
twenty years (Dufresne 1999; Blet et al. 2000; Giez 
2001; Bressy 2002; 2006). But the studies focused on a 
reduced number of geological samples, ranging from 
18 to 40. In the case of Dufresne, the materials under 
consideration came from three sectors, Limagne, 
Brie, and Cantal. Bressy (2006) mainly focused on 
considering the sedimentary basins of south-eastern 
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Fig. 11. Situation map of materials and artefacts analysed in this study. Drawing by F. Surmely.  
Tertiary flint outcrops
1. Muides (Loir-et-Cher); 2–4. Montry-sur-Brie, Sauzy en Brie, Jablines, Lesches, Bouleurs, Couilly (Seine-et-Marne); 5. Oise; 
6. Romigny (Marne); 7. Étrelles (Jura); 8. Foëcy (Cher); 9. La Pacaudière (Loire); 10. La Perche (Cher); 11. Sauvigny-les-Bois (Nièvre); 
12. Busséol (Puy-de-Dôme); 13. vallée de la Doire (Cantal); 14. Polminhac (Cantal); 15. Arpajon, Saint-Simon, Yolet (Cantal); 
16. Montmurat (Cantal); 17. Taussac (Aveyron); 18. Puy d’Issolud-Vayrac (Lot); 19. Saint-Léger-du-Malzieu (Lozère); 20. Grignan 
(Drôme); 21. Orgnac (Ardèche); 22. Montclus (Gard); 23. Collorgues (Gard); 24. Salinelles (Gard).
Archaeological sites
S1. Enval (Vic-le-Comte, Puy-de-Dôme); S2. Les Bughes (La-Tour-d’Auvergne, Puy-de-Dôme); S3. Le Blot (Cerzat, Haute-Loire).
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Fig. 12. Photos of the flints samples from geological outcrops analyzed in this study. Photo by F. Surmely.
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Fig. 13. PCA graph for ICP/MS data including the archaeological samples (squares) and the geological outcrops (circles). Purple 
square: Le Blot site; Red square: other archaeological sites; Blue circle: Cantal (Aurillac/Mur-de-Barrez basin); pink circle: south-
ern outcrops (Ardèche, Gard and Drôme); orange circle: outcrops at Seine-et-Marne and Oise; green circle: outcrops at Cher and 
Loir-et-Cher; brown triangle: outcrops of Saint-Léger-du-Malzieu (Lozère); black circle: other outcrops. Drawing by F. Surmely.

Fig. 14. Scatter plot with ICP/MS data concerning Log Th/Sr vs Ti/Sr and including the archaeological samples (squares) and the 
geological outcrops (circles). Purple square: Le Blot site; Red square: other archaeological sites; Blue circle: Cantal (Aurillac/Mur-
de-Barrez basin); pink circle: southern outcrops (Ardèche, Gard and Drôme); orange circle: outcrops of Seine-et-Marne and Oise; 
green circle: outcrops of Cher and Loir-et-Cher; brown triangle: outcrops of Saint-Léger-du-Malzieu (Lozère); black circle: other 
outcrops. Drawing by F. Surmely and J.-B. Chalin. 

France, Cantal being represented by only one sample. 
The results were mixed, but mainly allowed the 
exclusion of potential provenances.

To overcome this, an effort has been made to bring 
the sites and artefacts together in order to ensure the 
best representativeness of the geological reference 

corpus within the limits of the financial potential. 
The geographical field is very wide, encompassing a 
large part of France, from the Marne department to 
the Gard department, and including most of the large 
French sedimentary basins (Paris, Cantal, and Gard; 
Figs. 11, 12), which allowed surveys carried out earlier 
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in several sectors to be used: Cantal (1993–1998), 
Paris (2000), Centre region (2005–2006), Nièvre 
(2008–2009), and Gard (2020) as well as the use of the 
holdings of the Lithotheque (Library of Geological 
Specimens) of the Orgnac Museum (Ardèche). An 
attempt was made to address the variability of the 
materials accessible to prehistoric populations by 
selecting several samples of different types.

The samples were prepared by employing the 
same operating mode (grinding, etc.) before the ICP/
MS analysis.

Analyzing the results is complex. It is about 
selecting elements or the relationships among them, 
both significant and discriminating. The choice of 
Sanchez de la Torre et al. (2020) was followed in 
favoring the following ratios: W/U/Ga/U and Th/
Sr/Ti/Sr while adding Ce/Cs/Nb/Cs and a global 
analysis PCA.

Results
The results are complex. The PCA does not add 

much (Fig. 13) because it shows a wide dispersion 
of all the materials and does not allow any real 

differentiation between the geographical sectors, 
except that of Pacaudière (42; sample PACAU), which, 
unfortunately, is represented by a single sample. The 
Th/Sr vs Ti/Sr ratio is more interesting because it 
reveals an individualization of several other small 
basins, such as La Perche (samples PERCH1 and 
PERCH2), Les Étrelles (samples ETRE1 and ETRE2), 
Saint-Léger-du-Malzieu (samples STLE, STLE2 and 
STLE3), and Puy d´Issolud (ISSO), without any 
correspondence to the artefacts, except perhaps 
Thônes (Fig. 14).

The ratios W/U vs Ga/U (Fig. 15) and Nb/Cs vs 
Ce/Cs (Fig. 16) allow a conclusion to be drawn, and 
most importantly reveal a distinction between the 
deposits in the south of Ardèche and the northeast 
of Gard on the one hand and other deposits in the 
central part of Gard (Salinelles, Collorgues) on the 
other.

No internal differentiation can be made within 
the vast Aurillac/Mur-de-Barrez basin and the 
materials of this basin cannot be distinguished from 
those coming from the south of the Massif Central. 
Therefore, it is not possible to distinguish the flint 

Fig. 15. Scatter plot with ICP/MS data concerning Log Ga/U vs W/U and including the archaeological samples (squares) and the 
geological outcrops (circles). Purple square: Le Blot site; Red square: other archaeological sites; Blue circle: Cantal (Aurillac/Mur-
de-Barrez basin); pink circle: southern outcrops (Ardèche, Gard and Drôme); orange circle: outcrops of Seine-et-Marne and Oise; 
green circle: outcrops at Cher and Loir-et-Cher; brown triangle: outcrops of Saint-Léger-du-Malzieu (Lozère); black circle: other 
outcrops. Drawing by F. Surmely and J.-B. Chalin. 
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from the Neolithic mining at Taussac from other flint 
from the Aurillac/Mur-de-Barrès basin.

The analysis of prehistoric artefacts shows that 
many of them are without possible correspondence 
to the analysed geological samples, such as those 
from Les Bughes, le Croizet, le Sire, la Bade, and 
Enval (certain pieces).

The Enval site is characterized by a major part 
of the samples having no correspondence to the 
analysed geological sites and a large range of samples 
displaying multiple origin possibilities.

The samples from the le Blot site are divided into 
two parts. Samples 1, 2, 3, 6, and 7 can be linked to 
flint from the southern part of the Massif Central, 
specifically from Montclus (Gard), while samples 5 
and 6 probably originated in another area, perhaps 
Cantal.

DISCUSSION AND PERSPECTIVES

This study confirms the conclusion of previous 
studies: a geochemical study does not provide a full 
answer to the question of the geographical origin 

of Tertiary flints. This is explained by similarities 
in chemical composition of flint from different 
regions, but also by the nature of the geological 
corpus; too small to encompass the lateral and 
stratigraphic variability of the silicifications of each 
sector on the one hand and offers no real statistical 
value on the other. A geochemical study makes it 
possible to characterize small sedimentary basins 
but is insufficient in the case of larger and richer 
silicification areas. 

However, the analyses do supply additional 
important informations, that cannot be provided 
by “classical” macroscopic and microscopic analyses. 

Thus the origin of the Tertiary artefacts of le Blot, 
which, as is known, comprise the majority of this 
Magdalenian site, could be the sector of the south 
of Ardèche / North Gard, where silicifications are 
abundant and of very good quality. The vast majority 
of the analysed artefacts, especially those from 
the Magdalenian site of Enval, do not correspond 
with the analysed geological samples. The previous 
geochemical study reached this same conclusion 
(Dufresne 1999). It must therefore be assumed that 

Fig. 16. Scatter plot with ICP/MS data concerning Log Nb/Cs vs Ce/Cs and including the archaeological samples (squares) and 
the geological outcrops (circles). Purple square: Le Blot site; Red square: other archaeological sites; Blue circle: Cantal (Aurillac/
Mur-de-Barrez basin); pink circle: southern outcrops (Ardèche, Gard and Drôme); orange circle: outcrops of Seine-et-Marne and 
Oise; green circle: outcrops of Cher and Loir-et-Cher; brown triangle: outcrops of Saint-Léger-du-Malzieu (Lozère); black circle: 
other outcrops. Drawing by F. Surmely and J.-B. Chalin. 
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their source was located either outside the sectors 
included in this geological reference system or in 
other levels of these same sectors.

The study also made the characterization of 
several small sedimentary basins possible, which 
could be very useful to researchers interested in the 
question of the diffusion of flint from these areas.

Progress requires broadening the geological 
reference corpus, integrating, in whole or in part, 
other Tertiary sedimentary basins not yet included 
(Apt-Forcalquier basin, Ebro valley, Tarn, etc.), and 
completing the range of samples taken from each 
sedimentary basin. This will be the aim of my future 
work.

It would also be good to set up a general database 
that would collect all the data acquired by researchers 
and would be accessible to all.
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TERCIARO TITNAGO PRANCŪZIJOS TERITORIJOJE 
CHARAKTERIZAVIMAS NAUDOJANT GEOCHEMINĮ METODĄ

Frédéric Surmely

Santrauka

Atliekant aprašomą tyrimą buvo patvirtinta per 
ankstesnius tyrimus padaryta išvada, jog geoche-
minė analizė nesuteikia galimybės tiksliai nustatyti 
geo grafinės terciaro titnago žaliavos kilmės. Tai pa-
aiškinama ne tik skirtinguose regionuose randamo 
titnago cheminės sudėties panašumu, bet ir ribotu 
geologinių duomenų rinkiniu. Jis visų pirma yra per 
mažas, kad apimtų horizontalią ir stratigrafinę si-
licifikuotų uolienų įvairovę kiekviename sektoriuje. 
Antra, jis visai neturi reikšmės statistikai. Geoche-
minės analizės duomenys leidžia apibūdinti nedide-
lius sedimentacinius baseinus, tačiau jų nepakanka 
žaliavos šaltiniams, esantiems didesnėse ir didesne 
vidine įvairove pasižyminčiose uolienų silicifikacijos 
zonose, nustatyti. Kita vertus, geocheminės analizės 
duomenys suteikia svarbios papildomos informaci-
jos, kurios nebūtų galima gauti titnago žaliavas ti-
riant „klasikiniais“ makro- ir mikroskopiniu būdais.

Le Blot stovyklavietėje aptikti iš terciaro titna-
go pagaminti dirbiniai, kurie sudaro didžiąją šioje 
Madleno laikotarpio stovyklavietėje aptiktų dirbinių 
dalį, galėjo būti gaminami iš pietų Ardešo – šiau-
rės Garo sektoriuje randamo titnago, kuris pasižy-
mi gausumu ir labai gera kokybe. Tačiau absoliučios 
daugumos ištirtų artefaktų geocheminiai duomenys 
nesutampa su geologinių mėginių analizių duome-
nimis – tai ypač būdinga Madleno laikotarpio En-
val stovyklavietei. Anksčiau tyrimus atlikę moksli-
ninkai buvo paskelbę tokią pačią išvadą (Dufresne 
1999). Remiantis šiais rezultatais reikia manyti, jog 
žaliavos, iš kurios pagaminti minėti titnago dirbi-
niai, šaltinis yra arba ne į palyginamąjį geologinių 
duomenų rinkinį įtrauktuose sektoriuose, arba ki-
tuose tų pačių sektorių lygiuose.

Atlikus tyrimą taip pat pavyko apibūdinti kelis 
nedidelius sedimentacinius baseinus. Šie rezultatai 
gali būti naudingi mokslininkams, tiriantiems iš to-
kiuose baseinuose susiformavusio titnago pagamin-
tų dirbinių paplitimo klausimus.

Siekiant postūmio ateities tyrimuose reikėtų iš-
plėsti geologinių duomenų rinkinį, į jį įtraukiant vi-
sus ar dalį kitų, iki šiol netirtų terciaro sedimentaci-
nių baseinų Apt-Forcalquier baseinas, Ebro, Tarno 
upių slėniai ir kt.) bei ištirti papildomus mėginius, 
kurie atskleistų vidinę kiekvieno sedimentacinio ba-
seino įvairovę. Šio tikslo autorius sieks ateities dar-
buose. Atliekant tokio pobūdžio tyrimus, būtų itin 
naudinga sukurti bendrą ir visiems prieinamą duo-
menyną, kuriame būtų surinkti visi mokslininkų su-
kaupti duomenys.

ILIUSTRACIJŲ SĄRAŠAS

1 pav. Skirtingo terciaro titnago, surinkto aliu-
vinėse upelio nuosėdose centrinėje Aurillac/Mur-
de-Barrez baseino dalyje, Giou-de-Mamou vietovė-
je, pavyzdžiai. F. Surmely nuotr.

2 pav. Spalvų ir tekstūrų įvairovė terciaro titna-
go gniutule iš Vézac vietovės (Kantalio departamen-
tas, Aurillac/Mur-de-Barrez baseinas). F. Surme-
ly nuotr.

3 pav. Silicifikuotų uolienų iš La Perche (Šero de-
partamentas) įvairovė. F. Surmely nuotr.

4 pav. Titnagas iš Lasmolineries upelio (Thiézac 
vietovė, Kantalio departamentas) rytinėje Aurillac/
Mur-de-Barrez baseino dalyje. F. Surmely nuotr.

5 pav. Du smulkiai juostuoto, panašios išvaiz-
dos titnago pavyzdžiai: kairėje titnagas iš Salinelles 
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(Garo departamentas), dešinėje – iš Orgnac (Arde-
šo departamentas). F. Surmely nuotr.

6 pav. Žaliadumblio (Characeae) stiebelis ir ląstelė 
(oogonija) gabale terciaro titnago. P. Barrier nuotr. 
ir analizė.

7 pav. Iš atvežtinio terciaro titnago pagaminti 
dirbiniai, aptikti US80 lygyje Enval-Moliard stovy-
klavietėje (vidurinis Madlenas; Vic-le-Comte, Pran-
cūzija; F. Surmely kasinėjimai). F. Surmely nuotr.

8 pav. Gaminių iš vietinio ir atvežtinio terciaro 
titnago pasiskirstymas pagrindinėse technologinė-
se kategorijose Enval stovyklavietėje (Madleno lai-
kotarpis). Sud. F. Surmely.

9 pav. Iš terciaro titnago pagaminti titnago dir-
biniai, rasti Le Blot stovyklavietėje (vidurinis Madle-
nas, Delporte kasinėjimai). F. Surmely nuotr.

10 pav. Akmens industrijos gaminiai iš terciaro 
titnago, Les Bughes stovyklavietė (Azilio laikotar-
pis, La Tour d‘Auvergne vietovė; F. Surmely kasinė-
jimai). F. Surmely nuotr.

11 pav. Situacinis straipsnyje analizuojamų žalia-
vų ir archeologinių radinių žemėlapis. F. Surmely brėž.

12 pav. Geologinėse atodangose surinkti ir šia-
me straipsnyje analizuojami titnago mėginiai. F. Sur-
mely nuotr.

13 pav. Pagrindinių komponenčių analizės (PKA) 
diagrama, sudaryta pagal induktyviai susietos plaz-
mos masių spektrometrijos (ICP-MS) duomenis. Kva-
dratais žymimi archeologiniai, skrituliais – geologi-
nių atodangų mėginiai. F. Surmely brėž. 

14 pav. Sklaidos diagrama su Log Th/Sr ir Ti/Sr 
santykio vertėmis pagal ICP-MS duomenis. Kva-
dratais žymimi archeologiniai, skrituliais – geolo-
ginių atodangų mėginiai. F. Surmely and J.-B. Cha-
lin brėž. 

15 pav. Sklaidos diagrama su Log Ga/U ir 
W/U santykio vertėmis pagal ICP-MS duomenis. 
Kvadratais žymimi archeologiniai, skrituliais – 
geologinių atodangų mėginiai. F. Surmely ir J.-
B. Chalin brėž. 

16 pav. Sklaidos diagrama su Log Nb/Cs ir Ce/Cs 
santykio vertėmis pagal ICP-MS duomenis. Kvadra-
tais žymimi archeologiniai, skrituliais – geologinių 
atodangų mėginiai. F. Surmely ir J.-B. Chalin brėž.
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