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ABSTRACT 

The spatial arrangements of artifacts and features within archaeological sites have often been 

used to isolate activity areas and draw inferences about site function. This approach assumes that 

objects found in close proximity were used for the same task, and that artifacts are usually discarded 

where they were used. However, the location of artifact abandonment often has more to do with 

patterns of discard and use/reuse of the site throughout time than with the function or location of 

activities.  

This dissertation uses a comparative framework to address how the observed spatial structure 

of Middle Paleolithic sites in France sites was formed through centrifugal dispersion of lithic artifacts, i.e. 

the displacement of artifacts between their creation and the final location of their abandonments. 

Seven Middle Paleolithic sites were included in this study. The sites were excavated over large areas, 

from 200 to more than 2000 m2. They range from small single component occupation sites to lithic raw 

material workshops with assemblages of more than 15,000 artifacts. The movement of artifacts is 

tracked through an analysis of sets of refitted lithics and through comparisons of the distributions of 

multiple classes of artifact across areas of the sites with differing artifact densities.  

Studying the distribution of lithic technological classes and tracking their movement through 

refitting sets provides new perspectives on the ways Paleolithic archaeological assemblages and sites 

were formed. The temporality of site use had a much greater impact on site structure than did activities 

that took place at any one point during a site’s occupation. These data enabled me to assess the relative 

lengths and numbers of occupations for the seven sites in this study. The approach taken in this study 

not only provides a clearer understanding of site formation and structure than do studies that strive to 

isolate “activity areas,” but it also provides information about the sizes of past human groups and  the 
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ways they moved among different localities on the landscape. Such insights are integral to the study of 

land use, mobility and economic adaptations among Paleolithic hunter-gatherers.  
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CHAPTER 1 

SITE STRUCTURE AND SOCIAL ORGANIZATION OF NEANDERTHALS: THE STATE OF THE DEBATE 

The material remains of Neanderthals have been studied from a variety of perspectives with the 

intent to reconstruct different aspects of the lives of our ancient cousins: their social structure, their 

economies, and their relative “humanity”. There has been much success in this endeavor but there also 

have been unfounded assumptions, conflicting lines of evidence, anecdotal narratives, and simply huge 

gaps in data that confound our understanding of Neanderthal lifeways. This dissertation is an attempt to 

address one part of the larger project of reconstructing the adaptations and social lives of Neanderthals. 

Using a sample of seven open air sites―a sample size rarely achieved with this level of detail―I assess 

Neanderthal site structure, and what this can say about site use, duration of occupation, and number of 

visits.  

This study is based on a simple central tenet: by studying the physical distribution of artifacts at 

a range of sites and by assessing each site using the same suite of methods, definitive conclusions can be 

drawn regarding how these sites were utilized. The essential point here is that because we have no 

standard means of assessing Neanderthal site structure, and few comparative standards, we can only 

reach conclusions by comparing a range of sites to each other. The sample utilized in this study was ideal 

for this purpose. The localities range from a small, single occupation site on a floodplain to sites located 

directly on raw material sources, boasting assemblages of more than 15,000 lithic artifacts in a single 

occupational horizon. The result is a baseline understanding of Neanderthal site structure and a clear set 

of indicators that can be used to determine how an individual site fits into the broader mobility system. 

This dissertation consists of eight chapters. This first chapter summarizes Middle Paleolithic 

intra-site spatial analysis approaches and the range of resulting inferences made about the social 

behavior of Neanderthals. Chapter 2 examines the methodologies that have been employed for site-
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level spatial analysis of hunter-gatherer sites in general and at Middle Paleolithic sites specifically. The 

third chapter provides background information for the seven sites in the study. Chapters 4 through 7 

present the original contributions of this study. Chapter 4 describes the methods utilized and presents 

the initial results of the analyses while chapters 5 and 6 go into more depth, first from the site 

perspective in chapter 5 and then from the perspective of the technological categories in chapter 6. 

Chapter 7 addresses how length and number of occupations structures the way lithics are distributed 

throughout these sites. Finally, Chapter 8 outlines the main conclusions.  

 

1.1 History of the debate about the social complexity of Neanderthals 

 Though it has been over 150 years since the discovery of the first Neanderthal remains in 1856, 

Paleoanthropologists are still dramatically divided on how “human” they consider the species to be. 

Indeed, even taxonomic classification focusing on whether or not Neanderthals constituted a separate 

species from Homo sapiens is a matter of considerable debate (Davies and Underdown 2006; Hublin 

2009). DNA evidence has shown that about 1-3 percent of the genomes of non-African modern humans 

are Neanderthal, and that 20 percent of the Neanderthal genome is preserved within that 2 percent 

(Sankararaman et al. 2014; Vernot and Akey 2014). This indicates that interbreeding took place between 

the two populations, although evidence suggests that the male offspring may have been sterile 

(Sankararaman et al. 2014). That Neanderthals are, indeed, a part of many of us, yet we are not 

Neanderthal in appearance, makes research investigating their lifeways even more intriguing. On one 

hand, it suggests very similar biologically-based capacities among modern humans and Neanderthals. At 

the same time, this makes the answer to the question of why Neanderthals are so completely swamped 

genetically by Homo sapiens, even in their Eurasian homeland, even less obvious.   

Whether Neanderthals had language is still debated. It appears that Neanderthals possessed the 

necessary physical characteristics for speech (Arensburg and Tillier 1991; Klein 1999), and it is likely that 
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they had an efficient communication system, but they may have lacked grammatical language (Dunbar 

2003). On the other hand, the Neanderthal childhood was found to be similar in length to anatomically 

modern humans, demonstrating that they had ample opportunity to transmit knowledge over 

generations, which implies social sophistication (Ponce de León et al. 2008). 

There have been recent indications that population density and the management of large social 

networks was a key factor in the emergence of anatomically modern humans (Cohen et al. 2007; Mellars 

and French 2011; Powell et al. 2009; Scholz et al. 2007). This model argues that the ability to maintain 

large social networks, by creating both material and non-material methods for communicating group 

membership and managing resource risk, likely gave anatomically modern humans an advantage over 

Neanderthals (Stiner 2014). In addition, Bocquet-Appel and Degioanni (2013) recently proposed that the 

small size of the Neanderthal population, which was likely subjected to numerous bottlenecks due to 

climatic fluctuations, was the central cause for the cultural limitations of Neanderthals. In a situation 

such as this, where certain local populations may have perished or became geographically isolated, 

cultural transmission would have been very low. Therefore, understanding the structure and size of 

Neanderthal groups and regional populations is critical for our comprehension of our own evolution and 

to solve the question of why one seemingly successful hominid group died out and another one 

flourished. 

Archaeological evidence seems to indicate that Neanderthals had smaller group sizes and were a 

part of smaller social networks than anatomically modern humans (Gamble 1999; Kuhn and Stiner 2006; 

Mellars 1996), but evidence is not conclusive because of deficiencies in the archaeological record 

(Hayden 2012). Recent biomolecular work has given credence to this hypothesis, however; genetic 

sequencing of a female Neanderthal from Siberia shows that her parents were half-siblings and that 

many of her recent ancestors were the product of considerable inbreeding (Prüfer et al. 2014). This 

supports the idea that Neanderthals were living in small groups within very sparsely-distributed 
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populations. Unfortunately these data constitute a sample of one and are thus not a robust line of 

evidence at this point in time.  

Identifying group size in the archaeological record is challenging and though there has been 

much speculation (Hayden 2012; Mellars 1996), concrete answers are hard to find. The spatial structure 

of sites may be the most direct method of accessing this information. The size of sites and the 

configuration of material concentrations can provide clues to the size and structure of the group that 

occupied the site. Of course, repeated occupations spread out over time and space can often be 

conflated with a large group size. Disentangling these two factors is one of the main goals of this 

dissertation. 

 

1.2 Middle Paleolithic site structure as deduced from caves and rockshelters 

 Research on Neanderthals and the Mousterian in France has been particularly influential. After 

all, it was a Frenchman, Gabriel de Mortillet, who, in 1883, first organized the Paleolithic into its 

chronological epochs, coining the term “Mousterian” (de Mortillet 1883). The French also were at the 

forefront of analyzing lithic debris, the major cultural material found in Neanderthal sites, first through 

typologies of artifact forms and later through methods designed to reconstruct culturally-encoded 

technological procedures or chaînes opératoires. The country’s rich record and cultural emphasis on the 

importance of archaeology have also played a critical role. Most of the major scholars in Middle 

Paleolithic archaeological research have at some point excavated in France, something that cannot be 

said of any other country.  

 French and other researchers could not have advanced the study of the Paleolithic if not for the 

geological topography of the French landscape that produced caves and rockshelters where long 

sequences of archaeological debris accumulated. This allowed researchers to organize the Paleolithic 

into a chronological sequence long before the advent of chronometric dating techniques. Interest in 
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chrono-stratigraphic sequences also gave rise to an emphasis on vertical rather than horizontal exposure 

that continues to this day, although the tide has been slowly shifting (see, for example, the recent 

publication on Abric Romaní: Carbonell 2012). Horizontal exposure is far more common for Upper 

Paleolithic sites, spurred on by A. Leroi-Gourhan and his concept of paleoethnology (Leroi-Gourhan and 

Brézillion 1966). The excavation of Middle Paleolithic sites, however, has more often followed François 

Bordes’s system of excavating vertical profiles. This system, which originates in the field of geology, is a 

cornerstone of archaeological methods because it shows the temporal relations and transitions between 

stratigraphic units. An excavation that focuses on vertical cutting rather than horizontal exposure can be 

used to deduce cultural change. Although we now have many methods for absolute dating of these 

cultural layers, their accuracy and precision vary wildly, particularly for the Pleistocene geological epoch. 

Stratigraphic superposition thus remains the most reliable method for deducing chronological 

succession. 

 Although the importance of cave and rockshelter sites should not be underestimated, they are 

poorly suited for studying the spatial structure of habitation. Repeated use of the same locale, the trait 

that makes them so attractive for the study of temporal change, often blurs any signatures of spatial 

organization. Some projects have begun to emphasize the study of spatial organization in caves and 

rockshelters, where the conditions allow. Abric Romaní (Catalonia, Spain), for example, has a fortuitous 

geological context that allowed archaeological components to accumulate quickly with intervening 

layers of travertine (Carbonell 2012; Vallverdú et al. 2012), minimizing reworking of sediments by later 

occupations. This is an ideal situation in which to study spatial organization within a cave site (Vaquero 

2012). In addition, Abric Romaní is very large, allowing an excavation over a large area of up to 300 m2, 

something that is rare for cave and rockshelter sites. Research done on level I identified separate artifact 

clusters, representing independent occupations associated with 16 distinct hearths, with evidence for 

lithic knapping, animal butchering, vegetal processing, among other activities (Vallverdú et al. 2005). 
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Lithic and bone refits showed that some of the artifact clusters were associated with one another while 

others were not. While all of the activities were of relatively short duration, they displayed different 

modes of occupation and provisioning strategies within this single layer. The relative low density of the 

deposits at Abric Romaní makes these artifact clusters easier to disentangle than in most cave and 

rockshelter sites (level J, one of the densest layers, does not even achieve a density of 25 lithics/m2 for 

lithics greater than 1 cm).  

Roc de Marsal, a site in southwest France, preserves a more characteristic area for a rockshelter, 

at around 50 m2, and exemplifies the problems of identifying spatial organization in a rockshelter 

setting. Although there is excellent preservation of combustion features, showing that Neanderthals 

were skilled at controlling fire, Aldeias et al. (2012) found no consistency in the locations of hearths, 

making it impossible to identify behavioral associations between artifacts and hearths. Moreover, 

burned artifacts were scattered throughout the site, indicating that there had been high degrees of 

trampling and post-depositional alteration of distributions. None of the fire features have associated 

stones or show any sign of a “built” or artificially constructed hearth facility. Furthermore, Roc de Marsal 

is a good example of a site where the main archaeological exposure has been vertical, rather than 

horizontal. The recent excavations reported in Aldeias et al. covered an area seven meters long but only 

around one meter wide. This limited extent was partially dictated by the remaining area of intact 

deposits, following amateur excavations in the 1950s and 1960s.  

Another attempt at identifying spatial structure in a rockshelter context was undertaken for the 

late Middle Paleolithic layers at Riparo Bombrini (Liguria, Italy) (Riel-Salvatore et al. 2013). Like Roc de 

Marsal, the excavations at Riparo Bombrini exposed very small areas due to previous excavations in the 

1930s and 1970s and the construction of the Geneva-Marseille railroad which damaged part of the site. 

The areas excavated by the most recent field project ranged from 2 m2 in layers M6 and M7 to 9 m2 in 

level MS. The small areas limited the spatial analysis considerably, but because the excavation extended 
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beyond the drip line, Riel-Salvatore and colleagues were able to compare artifacts and features within 

the rockshelter to those outside. They found that some layers have higher concentrations of material 

outside of the rockshelter while other layers show that site use was restricted to the inside of the 

shelter. They interpret these differences to be related to site use either as a logistical base camp, a 

residential camp, or a task site.  

The difficulty with caves and rockshelters is epitomized by what D. Henry (2012) calls the 

“palimpsest problem”. While analyzing the spatial patterning at Tor Faraj, Henry found a similar 

situation to that of Abric Romaní. Two major occupation horizons within the rockshelter were called 

Floor I and Floor II. Henry pointed out that each of these “floors” likely represented multiple 

occupations and he managed to separate Floor II into Floors II and III using an analysis of hearth spacing. 

Henry also employed Stapert’s (1989, 1990) ring and sector method to infer which hearths were used 

simultaneously, establish connections between the artifacts and the hearths and, also, to infer how 

many people were using the hearths and which way the wind was blowing. He found that all floors had 

more than one occupation but that for many of the occupations more than one hearth was utilized at 

any given time. This was a significant finding, yet we still encounter the “palimpsest problem” because 

establishing which hearths were parts of a single occupation, does not permit the linking of artifacts 

with a specific occupation. Therefore, results from faunal, lithic, and other analyses still represent a 

mixture of different types and lengths of occupation. Of course, the problem with time averaging is not 

limited to caves and rockshelters, it is only exacerbated in these situations.  

 

1.3 Spatial organization within Middle Paleolithic open air sites 

 Apart from a few exceptional cases, such as Abric Romaní, open air sites are, in general, better 

suited for studies of spatial organization. Two factors make open air sites better candidates for spatial 

analysis. First, they are subject, as a rule, to less anthropogenic reworking of deposits. Second, the use 
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of space by hominins is much less constrained by natural features, so hominins are freer to situate their 

activities in space. In other words, the special situation that we see in the large, spacious cave of Abric 

Romaní is the defining characteristic of open air sites. In most cases, occupations within caves and 

rockshelters likely expanded outside the limits of the natural shelter but the drastically different post-

depositional histories affecting deposits inside and outside of a cave or rockshelter make correlation of 

the two archaeological horizons very difficult. In many cases, the deposits outside the shelter no longer 

exist at all. Open air sites generally have more homogeneous depositional regimes, making it easier to 

establish connections between different parts of the site (except in the case of erosion channels, or 

similar processes). In addition, unless a site is adjacent to a particular resource (e.g. raw material 

quarry), sites located on the open landscape generally do not have the same draw for reoccupation as 

caves and rockshelters.  

 Despite their potential advantages, open air sites have not received the same attention from 

archaeologists as caves and rockshelters. There are several reasons for this pattern. First, open air sites 

are much more difficult to find given that they could be located wherever old sediments are preserved. 

This could mean that they are buried beneath many meters of post-occupational sediment. If they are 

closer to the surface, they have often been subject to disturbance by Holocene agricultural or 

construction practices. There are, for example, hundreds of open air Mousterian sites in the Périgord 

region of France, but very few of them have been excavated and many of the artifacts can be found in 

the barns of local farmers who find them in their fields (Sisk 2011; White 1980). Most such sites have 

been so severely altered that while excavation could certainly be used to address certain research 

questions, they would not be amenable to spatial studies. Finally, as noted above, when the goals of 

Paleolithic archaeology were mainly to establish cultural sequences, dispersed open air sites with few 

cultural components were much less interesting than deeply-stratified caves. However, as research 

goals have changed, so has the potential utility of different kind of archaeological records. 
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 The best and largest scale systematic investigation of Middle Paleolithic open air sites, at least 

within France, comes from rescue archaeology, usually carried out by INRAP, l’institut national de 

researches archéologiques preventives. These sites likely would not have been discovered if not for large 

scale construction projects that necessitated a systematic assessment of the cultural impact. Once a site 

is found, vast areas can be opened up through backhoe stripping. The seven sites used in this 

dissertation are just a few of the many open air sites excavated by INRAP to make way for highways and 

other large scale construction projects. The sites in this study were therefore excavated at a very large 

scale but, in general, the acidity of the soil did not allow for bone preservation.  

  In Germany, Alder and colleagues (2003) studied spatial patterning within the open air site of 

Wallertheim. Horizon A, which dates to OIS 5e, included lithics, fauna, and a hearth preserved in a flood 

plain setting. It was likely a brief occupation with a low number of finds in general (only 28 lithics greater 

than 1.5 cm, although the excavators collected all material from water screens bringing the total to 

5,086). At least one fallow deer was butchered at the site, and perhaps a large bovid and a horse, 

although no evidence of human modification was found on the bones of these species. The low density 

of the occupation, combined with evidence for a background scatter, suggests that the occupying group 

was highly mobile, concentrating on local resources, and presumably staying within a small territory. 

 

1.4 Interpretations of Middle Paleolithic spatial structure 

There have been a wide range of interpretations for the spatial structure of Middle Paleolithic 

sites (Hayden 2012; Kolen 1999; Mellars 1996; Pettitt 1997; Riel-Salvatore et al. 2013). These 

interpretations tend to correspond to general conceptions of the relevant researcher. Most scholars 

think of Neanderthal sites as a kind of “home” but this is a combination of both explicit ideas about how 

closely Neanderthals resemble anatomically modern humans and a subconscious projection of our own 

world onto the early Upper Pleistocene. Those who choose to reject this somewhat romantic 
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interpretation of Neanderthal sites, however, often swing dramatically in the other direction and 

suggest that Neanderthal sites better resemble animal dens or nests (Kolen 1999; Pettitt 1997).  

Kolen (1999) reviews many of the claims for Middle and Lower Paleolithic “habitation 

structures” and finds that many do not hold up because either the excavators and analysts did not take 

into account all of the taphonomic processes at work, data use was overly selective (i.e. counted stones 

that form a circle but ignored others), or the arrangement is man-made but was not a built structure. 

She proposes simply clearing an area in which to sleep, sit, or work by pushing stones and other debris 

aside often creates these features. Kolen argues these activities are identical to nest making in animals 

and should be called “centrifugal living structures” instead of “habitation structures”. Pettitt (1997) 

comes to a similar conclusion, arguing that Middle Paleolithic sites closely resemble carnivore dens. 

Mellars (1996) finds clear evidence for structured use of space within Neanderthal sites, but he does not 

attach any greater cognitive or symbolic meaning to this structure, seeing it in purely pragmatic terms. 

This, he argues, contrasts to Upper Paleolithic sites that reflect a much more ordered use of space as a 

consequence of the centralization of economic and social activities.  

Many scholars now avoid such loaded terms as “habitation structures” and talk instead about 

empty zones, stone rings, alignments, activity areas, and combustion features. Evidence for bedding has 

been found at Esquilleu Cave in Cantabria, Spain (Cabanes et al. 2010). High concentrations of grass 

phytoliths next to hearths suggest that grasses were intentionally brought into the site to be used as 

bedding and that these “beds” were maintained and supplemented during the period of occupation. 

Evidence for “bedding” has been reported elsewhere. Henry (2012) also found concentrations of grass 

phytoliths along the back wall of Tor Faraj in southern Jordan. 

 The dominant model for Middle Paleolithic site structure, particularly for cave and rockshelter 

sites, is a single hearth surrounded by overlapping activity areas (Henry 2012; Simek 1987). This area 

would have been occupied by a small group for a relatively short span of time. More complex site 
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structures, with multiple hearths and activity areas, are thought to have emerged with the Upper 

Paleolithic (Bar Yosef 2002). Indeed, Binford (1998) argues that spatially segregated “modules,” 

representing the separation of kin groups, are a hallmark of modern human site organization and are 

not found among Neanderthals. Simek (1987) compared two French sites, Le Flageolot from the Upper 

Perigorian and Aurignacian, and Abri Vaufrey from the Middle Paleolithic. He found that Le Flageolot 

had distinct activity areas tied to hearths whereas Abri Vaufrey had just one core area without internal 

spatial differentiation. However, Grimm and Koetje (1992) analyzed the Gravettian layer M from 

Solvieux, an open air site, and found no evidence for spatially segregated activities, but instead a 

redundant, intensive use of space that many associate with the Mousterian. 

A relatively simple structure appears to hold true at many Middle Paleolithic sites. Whether this 

is a result of the excavation methods employed, taphonomic processes, or is indeed the rule for 

Neanderthal site organization remains a matter of debate. On the basis of remains from level I at Abric 

Romaní, for example, one might argue for a highly complex site structure given that this single 

archaeological layer has sixteen hearths. However, the study of lithic refitting connections showed that 

these hearths were not used simultaneously and that they likely reflected a number of separate, 

independent occupations, representing a range of durations and site provisioning strategies. However, 

Abric Romaní is an exceptionally large rockshelter where such activities could be spread over space 

rather than simply piled on top of one another.  

What can site structure say about group “complexity”? Does a higher degree of site structure 

indicate more sophisticated thought processes or a higher degree of intelligence? Not necessarily. 

Gorecki (1988) observed that the Pinai people in New Guinea would remake their own hearth in a 

different location every time they visited a rockshelter. Another group from the same region, the Melpa, 

did build their hearths and place their activities in the same locations as previous occupants, likely 

because they were perceived as the best, most protected spots (Gorecki 1991). So there is considerable 
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variation even among modern groups, suggesting that it is not solely a question of “intelligence” or 

cognitive complexity.   

Evidence for discrete activity areas has been identified at Gesher Benot Ya’aquov in Israel, an 

Acheulian site that dates to around 750,000 years ago (Alperson-Afil et al. 2009). Here investigators 

used small burnt lithics to identify “phantom hearths” that are associated with a variety of activities. A 

separate activity area, located some meters away, was mostly associated with flint knapping and fish 

processing. Although sedimentation rates were relatively fast, there is no unequivocal evidence that 

these two separate areas were contemporaneous. This throws some doubt on whether the use of space 

was clearly differentiated. Nevertheless, these results indicate that some degree of spatial organization 

may have existed well before the Middle Paleolithic.  

Our ability to identify spatial patterning varies based on the excavation techniques employed, 

the level of preservation, and the type of site under investigation. Very brief occupations generally do 

not yield complex site structures, no matter how behaviorally sophisticated the occupants. It could be 

argued, therefore, that although there are some characteristics that make open air sites particularly 

amenable to the study of spatial organization, such loci are also likely the setting for different types of 

occupations than caves or rockshelters. Long-term occupations might be more likely to occur in a cave 

or rockshelter, if such places were available, because of the presence of a permanent shelter. However, 

studies of open air sites, which often represent single or brief occupations, can be used to disentangle 

the palimpsests found in caves and rockshelters simply because overprinting of distinct occupations is 

less likely to occur. 

 

1.5 Time averaging and the palimpsest problem 

 Time averaging of archaeological layers may be most problematic in caves and rockshelters but 

it may occur at nearly all Paleolithic sites. In the preface to the recent book on level J of Abric Romaní, 
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Eudald Carbonell argues that the major goal is to “study assemblages whose time scale is as close as 

possible to the ethnographic time scale”(2012: viii). If only we achieved this goal, we could compare our 

archaeological assemblages to the detailed ethnographic site plans Yellen recorded for the Dobe !Kung 

(1977). Perhaps we could even directly apply his equations for estimating group size and the length of 

occupation. However, most Paleolithic archaeologists would not even consider indulging in such an 

objective. This scenario is simply not the reality of the archaeological record we have to work with. 

There are glimpses of deep behavioral resolution in sites such as Pincevent, or La Folie (described in 

Chapter 3), but what we are really striving for is an understanding of the processes that produce the 

general patterns that arise from widely shared, behavioral tendencies. Without understanding 

redundant patterns, derived from the study of multiple sites, we cannot hope to address the behavior of 

Neanderthals as a group, and compare that behavior across regions, communities, and populations of 

hominins. It is true, however, that archaeologists often think of occupations at the ethnographic time 

scale. If only we could separate archaeological assemblages into discrete packages, each representing a 

separate occupation, then we could indicate how many animals were butchered on each visit, how 

many flint cores were knapped, and so on. Unfortunately, this is not possible. What we can do however, 

is assess whether a site was occupied one time, or multiple times, whether these occupations were of 

short or long duration, whether they were similar to or different from each other, and gauge the relative 

number of occupations through the comparison of multiple assemblages.  

 Scholars have used a wide range of indicators to address the problem of time averaging, or the 

mixing of non-contemporaneous deposits. These indicators include the percentage of tools in the 

assemblage, the proportion of exotic raw materials (i.e. extra-local), the diversity of activity types, and 

the presence or absence of features such as hearths. Yet there have been few studies that explicitly look 

at the problem of time averaging as a central part of their study, rather than an explanation after the 

fact. This problem was addressed in detail, however, at Abric Romaní (Carbonell 2012). Researchers 
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recognized early on that most archaeological layers of the site were produced by short term occupation 

episodes (Vaquero et al. 2012). However, level J has a much higher density with more connections 

between clusters demonstrated by lithic refits. Initially the investigators though that this indicated a 

longer duration. However, upon closer consideration, Vaquero and colleagues concluded that they could 

not disprove the null hypothesis that this level also was produced by a series of short term occupation 

episodes. This somewhat disappointing, yet honest, conclusion is common among archaeologists who 

tackle the palimpsest problem. Bailey (2007) calls for new tools to deal with this problem of time 

averaging, but unfortunately, the middle-range theory at our disposal―derived from a handful of 

ethnographic studies―is woefully inadequate to deal with the �me depth represented in our 

archaeological assemblages. The frustration with these mismatched scales can be felt throughout the 

pages written by Carbonell, Vaquero, and their colleagues. Bailey leaves us, however, with an uplifting 

message: while the time scales we deal with may not give us the details that ethnographic reports tempt 

us with, they may provide a window on long-term processes which, in the end, is really what we are 

striving for. We may never be able to link particular artifacts with a particular occupation, but we can 

understand some of the process that led to the formation of different patterns and spatial structures we 

discern in Paleolithic sites. 

 

1.6 Conclusion 

 The major question at the heart of this dissertation is whether the spatial structure of 

Neanderthal sites can tell us something meaningful about their behavior: how they used space, how 

their social group was organized, and whether site structure can also yield information about the larger 

system of mobility. In other words, is the study of Middle Paleolithic intra-site spatial organization only 

useful in particularly well-preserved cases or can it be extended to a diversity of site types? Are sites 

that have experienced numerous reoccupations, geological mixing, and preservation of only the most 
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robust cultural materials (i.e. lithics) worth submitting to spatial analysis, or should these assemblages 

simply be studied as one component, as they often are? The sites utilized in this study present all of 

these challenges. Some would seem to be ideal candidates for spatial analysis of a single occupation, 

while others, such as the raw material extraction sites, would be nearly impossible to study using spatial 

analysis. Many of the strategies utilized by other researchers failed at these sites. I am unable to find any 

pattern in the distribution of artifact types, k-means analysis did not yield useful results, and the sites 

did not have features such as hearths to tether the analyses. Some of these approaches would work at 

one or two of the seven sites included in this research, but given that that goal was to compare all of the 

sites in the study, this situation is unacceptable. In the end, the methods I utilize are simple ones, but 

each approach can be applied to at least five of the seven sites studied.  

Even though that it is well known that modern humans use space in a symbolic way―to reflect 

social rela�onships, status, or ownership―it is not always obvious in the archaeological record. This is 

the major challenge for addressing Neanderthal use of space. We would like to know whether they 

approached spatial organization in ways similar to anatomically modern humans, but even in 

ethnographic cases, where we know recent humans organized their use of space, it is not easy to see 

and reconstruct once the site’s occupants are gone. 

In response to these challenges, this dissertation seeks to develop an approach to spatial 

analysis that provides useful information about Neanderthal behavior, and that can be undertaken at all 

sites, not simply ones preserving clear indications of spatial patterning. Sites with exceptional 

preservation can provide an extremely valuable glimpse into the lives of ancient hunter-gatherers, but if 

we are to advance our knowledge then we must also study less exceptional cases, which constitute the 

bulk of Middle Paleolithic record. After all, the end goal is to understand the full range of Neanderthal 

behavior. The this dissertation utilizes a baseline of measurements that can be used to compare a wide 

number of sites, regardless of whether or not they appear to be ideal candidates for spatial analysis.  



26 
 

CHAPTER 2  

INTRA-SITE SPATIAL ANALYSIS: METHODOLOGIES AND APPROACHES 

Out of necessity, archaeologists are very good at dealing with aggregated assemblages. Our 

methods take into consideration the mixture of activities and occupations. However, the spatial 

organization of sites is an under-exploited angle of archaeological inquiry, particularly for hunter-

gatherer sites where the clutter of artifacts and features often appears impossible to disentangle. All 

archaeological data are messy, however, and some form of spatial analysis should be undertaken for 

every site (Munday 1984 called for this 30 years ago). Indeed, the now ubiquitous use of total stations to 

quickly record the spatial coordinates for every artifact clearly begs for greater development of spatial 

analysis studies.  

One of the major challenges for spatial analysis in hunter-gatherer sites is how to divide the site 

into analytical units. This obstacle is a major divergence from sites of sedentary peoples. The existence 

of constructed physical boundaries, such as walls, paths, and rooms, divides the archaeological 

assemblage horizontally into natural components in a manner analogous to the way stratigraphic units 

divide vertical space. Most sites left by mobile peoples, however, are not so easily divided into spatial 

units. In some cases, remnants of structures such as post holes or stone circles/alignments can be 

detected (see description of La Folie in following chapter).  More commonly, hearths are the primary 

feature used to delimitate space, and the general scatter of materials are divided into “activity areas”. 

Many sites, like most of those utilized in this study, contain only scatters of lithic artifacts and/or bones 

(Locht 2001, 2011). The division of the site into activity areas is not an easy task and archaeologists have 

created a range of methods to delimit space and to identify and analyze any underlying spatial structure 

in the distributions of artifacts and features. A wide range of approaches are used, incorporating both 

quantitative and qualitative ways of analyzing the data. In this chapter I will discuss these approaches in 
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regards to how they work, what they strive to identify, whether or not they are successful in their 

endeavor, and in which contexts they are most useful.  

 

2.1 The role of ethnographic studies 

 Ethnographic studies have had a large impact on our understanding of the spatial structure of 

hunter-gatherer sites. One of the most influential was Yellen’s (1977) study of intra-site spatial structure 

of !Kung camp sites. Yellen argues that the spatial structure of camp sites is determined more by length 

of occupation and group size than by activities performed or site “function”. Longer occupations simply 

display a wider range of activities. Yellen created equations that predict group size and length of 

occupation by using site size. He identified inner and outer rings of the !Kung campsites and found that 

the size of the inner ring (i.e. the circle created by individual family huts) reflected group size. Special 

activities took place outside of the inner circle and formed an outer ring. The size of the outer ring 

reflected length of occupation because the longer the occupation, the more specialized activities 

occurred. While these equations are intriguing, they have proven difficult to apply to archaeological 

contexts because of the problem of reoccupation and other factors that disturb the original layout of the 

site. Yellen also states emphatically that activities were not spatially segregated and that many activities 

took place in any given location. This conclusion is reiterated in many ethnographic studies.  

Binford (1978, 1983, 1998) also addressed the question of site structure during his ethnographic 

study of the Nunamiut of Alaska. Like Yellen, Binford acknowledges that duration of occupation had an 

impact on spatial structure, but he also contends that site function played a crucial role. A task specific 

site might look very different from a domestic site occupied during the winter, for example. In addition, 

Binford argues that there are indeed activity areas but these areas could be the location of one or 

multiple activities. Some activity areas can have their own internal structure, such as those that take 

place around a hearth. The location of discarded debris would be largely dictated by the physical 
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dimensions of the individuals sitting around the heath. A “drop zone” is located within one meter of the 

sitting person: about 20 centimeters in front of the individual, on either side, and between the legs. A 

“toss” zone is a band of space .5 to 1 meter behind the person. Therefore, there are two concentric rings 

around each hearth: one that represents the area just in front of, and around, the individuals engaged in 

a particular activity, and a second ring further away where larger debris might be tossed behind the 

individuals. In addition, Binford identifies sleeping areas, also dictated by the dimensions of a human 

body, where sleeping and small tasks occur, and “extensive activity areas” where large scale tasks 

conducted by standing individuals are performed. Binford’s ethnographic model therefore divides space 

into well-defined units that appear clearly in his schematic site drawings but prove to be very difficult to 

isolate in archaeological assemblages.  

Spurling and Hayden (1984) also documented activities focused around hearths in their study of 

Pintupi-speaking groups in the Australian Western Desert. The disposal of debris was largely conditioned 

by the comfort of the occupants. One area was always kept relatively clean for sleeping and sitting 

comfortably. Flint knapping or activities that might create dangerous debris usually were conducted 

slightly outside of the sitting and sleeping area, while large objects might be thrown about 10 m outside 

the occupation zone. Rabbit-sized or smaller bones were dropped around the hearth or tossed to one 

side. Lithic debris from work near the hearth was never discarded more than a meter or two from the 

place of work. Shade was a major factor structuring the position of debris during daylight occupations 

(also noted by Yellen 1977). One fire was always lit during the day and several were usually lit at night. 

O’Connell (1987) concluded that Alyawara site structure was determined by the degree of 

reliance on food storage, the seasonal variation in weather, household population size, and the length of 

time activity areas were utilized. He notes several important considerations for archaeologists. First, 

spatial structure will only be revealed in excavations that open up a large area. !Kung sites can range 

from 40 m2 to 300-400 m2 and Alywara sites can encompass more than 1000 m2. Secondly, small-sized 
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refuse will be the most useful for isolating activity areas because it is more likely to be found in primary 

contexts (Schiffer 1972, 1987). These observations are particularly relevant to the sites included in this 

study. All were excavated at very large scales. La Folie is the smallest site and although the site itself 

only covers 207 m2, the excavated area amounts to 580 m2, ensuring that no additional parts of the site 

were missed (Bourguignon et al. 2002). In addition, knapping locations are verified through 

concentrations of small pieces of lithic debris.  

Kent and Vierich (1989; Kent 1991) found that anticipated mobility was the most important 

factor for determining the degree to which space was organized. Studying the Basarwa and Bakgalagadi 

peoples of Botswana, they observed that the longer the group thought that they would stay at a given 

site, the more effort they put into erecting structures and organizing the space, whether or not they 

actually stayed for a long period of time. In some cases, they actually stayed at a poorly structured site 

for a longer amount of time than at a well-prepared site. This could obviously have implications for the 

often assumed relationship between highly structured space and long term base camps. However, this 

kind of exception would not be particularly relevant at the scale of time represented in archaeological 

assemblages—particularly for the Paleolithic period. The amount of effort placed in organizing space 

during any one occupation would certainly become negligible after many consecutive reoccupations. 

 One major obstacle when comparing ethnographic to archaeological sites is the discordance in 

amounts of time represented. Often the ethnographic debris will constitute only one or two 

occupations. In addition, a great deal of the debris is organic and therefore would be invisible in the 

archaeological record. Brooks (1998) along with Greg Laden (n.d.) have developed a method to deal with 

this conflict. Using a method they call “second-order ethnography”, Brooks and Laden utilize 

ethnographic data collected from the Efe foragers of the Ituri forest in Zaire and the Zun/wasi (!Kung) 

Bushmen of the Kalahari Desert and project it using computer simulations over time spans that would 

be represented in the archaeological record. They argue that most open air “camp sites” do not develop 
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sufficient refuse accumulations to be visible in the archaeological record. Instead, only locations of 

economic importance that would attract utilization across long time spans would be represented. For 

example, the only “sites” utilized repeatedly in the Kalahari are ambush stations, generally located near 

water sources, and these are utilized for only 1-2 days each year. This is akin to a task or extraction site 

in Binford’s terminology. Rockshelters, on the other hand, would accumulate enough debris to be 

represented in the archaeological record, even though they are used only peripherally for both the Efe 

and Zun/wasi peoples. Even if they are not located adjacent to important resources, they are themselves 

a resource and attract human occupation. Therefore, Brooks argues that open air sites preserved in the 

archaeological record would not represent “typical” occupations, at least not of a residential “camp” 

site. However, these groups do not use stone tools and therefore their debris would be much more 

ephemeral than a group that relied on stone tools and the wealth of durable debris that flint knapping 

creates.  

 Practitioners of ethnographic archaeology vary in how they choose to delimit space. Binford 

creates zones based on activity, body size, and disposal type (i.e. “drop” or “toss”). Yellen differentiates 

space mainly by overlapping activities performed within modular family units and “special” activities 

performed at the peripheries of the main camp. Others do not even attempt to delimit space but, 

rather, note that the use of space is too variable, not observable in the archaeological record, or was 

dictated by something that did not even take place (i.e. anticipated rather than actual mobility). 

Nevertheless, archaeologists continue to search for spatial structure within their sites, sometimes 

explicitly following spatial categories suggested in ethnoarchaeological literature (Carr 1991) and other 

times merely using them as cautionary tales. Needless to say, there is a large gap between ethnographic 

studies that are largely bleak in their assessment of whether spatial organization can be found in the 

archaeological record, and archaeological studies that strive to find evidence for particular behaviors in 

space, usually by isolating activity areas.  
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2.2 Archaeological approaches to intra-site spatial structure 

Archaeological studies that seek to document spatial structure fall into two broad categories. In 

essence, these two categories are simply different ways of dividing the archaeological site into spatially 

discrete units that can be compared. The first category includes studies that search for associations 

between specific artifact classes and whether they co-vary in space. The second category is comprised of 

those studies that attempt to locate spatial structure through the general distribution of materials, via 

spatial clustering or differences in artifact density. Gregg et al. (1991) also identify these two approaches 

to spatial analysis, labeling them the “assemblage composition” approach and the “pure locational 

approach”. Both of these methods are essentially searching for activity areas but the difference is that 

the first category tries to isolate which artifacts are used together for a particular activity, while the 

second category attempts to locate activity areas as artifact clusters on the ground. I will structure the 

following discussion by dividing studies into these two categories.  

 

2.2.1 Spatial structure via associations between artifact classes 

 Spatial associations between artifact types are often identified using multivariate statistical 

methods. Whallon (1973) used a dimensional analysis of variance to study the distribution of materials 

within a preceramic cave site in Oaxaca, Mexico. This site was excavated by one meter units, so the 

spatial analysis was imprecise, but nevertheless some rough associations between artifact types were 

obtained. The analysis generated a number of groups of artifacts that were assumed to be utilized in 

common activities or collected/processed together. For example, bones from deer, turtle, and rabbit 

were found to spatially co-vary so Whallon concluded that they must have been butchered and 

processed together. Whallon also uses correlations between groups to determine which plant and 

animal materials were processed using stone tools. Therefore, co-variation in space is assumed to be 
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equivalent to co-variation in activity or behavior, as if the objects were immediately dropped and 

abandoned once a particular task was complete.  

An influential study conducted by Cahen et al. (1979) also isolates “activity groups” of artifacts, 

but uses a very different method. Instead of using multivariate clustering to find associations between 

artifacts, Cahen and colleagues use refitting sets from the Upper Paleolithic site of Meer. Therefore, the 

groups are certainly “real” in one sense; they were all knapped from the same nodule. However, the 

assumption here is that they were produced and then used at the same time, for the same activity. For 

example, one refitting set contained eight endscapers. Use-wear of these tools indicated that they were 

all used for hide working. Therefore, Cahen and colleagues conclude that these eight endscapers were 

utilized in one hide processing session involving multiple people. Cahen et al. also make note of where 

particular tools were found, usually within one of four artifact concentrations. Because they assume that 

all tools produced from the same nodule were used together, tools located at some distance away were 

assumed to have been abandoned in a different location than their use. The assumptions underlying this 

study, therefore, are at odds with studies that assume spatial co-variance equals co-use.  

Another method, called unconstrained cluster analysis, also creates groups based on spatial 

associations of artifacts. This method allows these groups to be drawn on a physical map of the site as 

well, but the basis of how groups were created is similar to those described above. Whallon (1984) 

developed this method to satisfy what he saw as a major gap in methodological approaches to intra-site 

spatial analysis.  He uses the term “unconstrained” because he argues that all other commonly used 

approaches to spatial analysis have constraints in cluster size, shape, density, or composition. 

Unconstrained cluster analysis creates smoothed density contours for each artifact category and then at 

each data point, the relative densities of each artifact type are converted into proportions. A cluster 

analysis is then performed using these relative densities. The generated groups are plotted on the 

ground to verify that they make sense. Whallon applies unconstrained cluster analysis on the Mask Site, 
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an ethnoarchaeological site observed and excavated by Binford (1978). The cluster analysis identifies 

either thirteen or seven groups, both of which produce relatively coherent patterns. In addition, 

Whallon runs the analysis using grid points from a 1 m grid that produced six groups. Whallon associates 

these groups with various activities, including woodworking, butchering, and craftmaking. He then 

overlays the groups identified via unconstrained cluster analysis with Binford’s drawing based on 

ethnographic information of where individuals were sitting and where they discarded their debris. The 

generated clusters and ethnographic map appear to match up roughly in some places, but without the 

overlay of ethnographic information, it would be difficult to interpret the distribution of materials in a 

meaningful way.  

Unconstrained cluster analysis was also tested by Whallon and colleagues (Gregg et al. 1991) on 

Yellen’s (1977) ethnographic mapping of Camp 14, a !Kung campsite. The analysis identified eight 

clusters of materials that are loosely associated with in situ activities or household tasks such as 

dumping or sweeping. One interesting outcome of the study was that nutting stones and mongongo nut 

shells were never associated with one another, a result that would seem to cast doubt on many 

assumptions of this analysis (or any spatial analysis based on artifact class associations) when used in 

archaeological contexts.  

 Galanidou (1997a,b) applied the unconstrained cluster analysis in an archaeological context to 

investigate spatial organization at two Upper Paleolithic rockshelter sites in Greece, Klithi and Kastritsa. 

The results for Klithi indicate that the fire feature itself contained mostly small and burnt artifacts while 

the area surrounding the hearth contained a wide range of stone artifacts and bone representing many 

different activities. There was also a strong association found between backed bladelets and burnt 

debris and hearths. Kastritsa was more difficult to analyze because objects were not piece-plotted but 

collected in bags and spits. Some very general trends could be found. Stratum 5 displayed no spatial 

variation whereas stratum 9 showed differences between the inner and outer parts of the rockshelter. 
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Most activities were concentrated near the opening of the rockshelter where several ephemeral hearths 

were located. The difference between these two units seems to be linked to their duration of 

occupation; stratum 9 was occupied only briefly but stratum 5 displayed a very dense accumulation of 

material and represents either one longer occupation or a palimpsest of several. 

 Merrill and Read (2010) recently proposed the use of Graph and Lattice Theory to find 

associations between lithic tool types. This method evaluates whether or not each artifact type is 

spatially similar and dissimilar to every other artifact, creating a matrix of ones and zeros in which a one 

indicates that two artifact types co-vary in space and a zero indicates that they do not. Once this is 

achieved, artifacts are grouped into spatially cohesive sets of artifact types, called cliques. Artifact 

classes can be found in more than one clique and the relationship between cliques is evaluated using a 

Galois lattice (see figure 2.1).  

Figure 2.1 The Galois lattice created for Bir Tarfawi, showing the three cliques and how they are related 
(from Merrill and Read 2010). 
 

Merrill and Read (2010) used the Egyptian Middle Paleolithic site, Bir Tarfawi, to illustrate this 

method. The results indicate that Mousterian points and converging scrapers co-vary in space, 

suggesting that these two artifact categories were used for similar tasks. This pattern is unsurprising 



35 
 

given that these separate typological categories are essentially the same artifact type. Other groups of 

artifacts have less obvious relationships, such as the grouping of teeth, side scrapers, and transverse 

denticulates. This analysis was hindered by the use of typological instead of technological categories. 

Rather than studying the distribution of tool types, which are segregated into rather arbitrary groups 

based on form and perceived function, it would have been interesting to map the relationship between 

different technological stages, such as cortical pieces and small flakes. 

 The studies described above illustrate some of the methods utilized to find spatial associations 

between artifact classes. Once spatial associations are established, artifact groupings are used to make 

inferences about what tools are used together for a particular activity. The underlying assumption is that 

tools used together will be discarded together. However, discard behavior might have more to do with 

an artifact’s size or future use-potential, rather than the location of a completed activity. Furthermore, 

because of the layering of activities carried out over the course of days, months, or during several 

temporally distinct episodes, artifacts close in space may not have anything to do with one another. 

Cahen and colleague’s use of refitting sets tightens the temporal window to a certain extent, but simply 

because two tools were knapped from the same core does not preclude their non-contemporaneous 

use, perhaps even during different occupations. 

 

2.2.2 Spatial structure via differential clustering or density of finds 

The second category of spatial analyses uses the distribution of all artifacts to find clusters, and 

then compares the contents of the clusters. This approach contrasts to the previously discussed analyses 

that looked for associations between artifact types in space. One way to determine whether or not 

there is spatial patterning is to use statistical tests such as k-means or principle components analysis. K-

means clustering uses artifact coordinates to find natural clusters; the analyst then examines the 

locations of clusters and their contents as evidence for spatial structure in deposits. K-means is designed 
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to minimize the sum squared error (SSE) (Kintigh and Ammerman 1982). The SSE is the sum of the 

squared distances of each point to the centroid of the cluster to which it is assigned. The program begins 

with one cluster and then breaks the distribution of points into more and more clusters until the 

maximum (stipulated by the analyst) is achieved. This process is iterative. The analyst then plots the SSE 

against the number of clusters and look for breaks in slope or “knees” (Grimm and Koetje 1992), which 

indicate an optimal clustering configuration. Because k-means is based on sum squared error, the 

clusters will tend to be circular in shape because the goal is to minimize the distance to the cluster 

centroid.  

Gregg and colleagues (1991) tested the usefulness of k-means in archaeological contexts by 

applying it to Camp 14 from Yellen’s (1977) ethnographic mapping of !Kung campsites. They found that 

k-means accurately identified the household areas that Yellen indicated in his site descriptions. The only 

divergence is that k-means combined two huts that were occupied by closely related family members 

who ate and prepared meals together and therefore might not even be considered separate according 

to Yellen. This study demonstrates that k-means can be a powerful tool in certain contexts, particularly 

in situations when the site is very well preserved, has clear spatial clustering, and the spatial structure is 

not altered through reoccupation or post-depositional processes. It is also important to point out that in 

the study by Gregg and colleagues, k-means accurately identified spatial units relating to kinship—not 

activity areas—and therefore the contents of each spatial unit are repetitive and do not pertain to 

differing activities.  

K-means clustering was also performed at Grotte XV (also known as the Grotte Vaufrey), a 

Mousterian site in the classic Dordogne region of southwest France (Rigaud and Simek 1991). Clusters 

were identified both visually and by k-means, and then links were made between the various clusters by 

lithic and bone refits. Three major zones were identified and multiple bone refits were found between 

zones 1 and 2. These two zones are similar in composition and could be refuse dumps. The bone 
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distribution was also likely influenced by the scavenging activities of wolves; most of the bones have 

evidence of gnawing. The analyses were unable to identify discrete activity areas, which leads the 

researchers to question whether or not the search for activity areas is even possible.  

The optimal k-means solutions for the Mousterian site of Grotte Mandrin in southeastern 

France broke the site into three, 10 and 12 clusters (Yvorra 2003). These clusters indicated some rough 

differences in where artifacts were found throughout the site. Bladelets, tools, cores, and blades were 

found in the center of the site whereas the east side of the site contained more microflakes and 

discards. These general trends were repeated regardless of whether 3, 10, or 12 groups were used, 

although increased groups did show slightly more nuanced patterning. 

Yvorra (2003) also used principal components analysis to identify associations between artifacts, 

as was done in the previous section. The clusters generated by the k-means analysis were included as 

one of the variables to be considered in a principal components analysis (PCA). The PCA analysis showed 

that three components explained much of the variance, no matter whether three, 10, or 12 clusters 

were used. Micro flakes and discards tended to co-vary, flakes (broken and whole) co-varied, and cores, 

tools, and blades/bladelet production co-varied. Looking at their spatial distribution, Yvorra found that 

discards and micro flakes were clustered at the back of the shelter, while the other two groups were 

adjacent to what could be a hearth.  

 Stapert (1989, 1992) developed the ring and sector method to analyze the distribution of 

artifacts around hearths at Pincevent and other exceptionally well preserved open air Magdalenian sites. 

This method was based on Binford’s (1983) ethnographic documentation of hearth-related activities and 

Leroi-Gourhan’s observations at Pincevent (Leroi-Gourhan and Brézillion 1972). In this method, rings are 

drawn around the hearth in half meter segments and then these segments are subdivided at a right 

angle, like spokes in a wheel. This shows how different classes of artifact are distributed with reference 

to the fire feature and allows comparison of artifacts at various distances from the fire. This method not 
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only strives to isolate the “drop” and “toss” zones defined by Binford, but it can be used to test whether 

or not the fire was located within a tent-like structure, as was hypothesized by Leroi-Gourhan. If a 

structure was present, one would expect an accumulations of material a certain distance from the 

hearth, with an abrupt outer edge, corresponding to the structure wall. The ring-and-sector model is 

more impressionistic than k-means clustering because groupings are identified visually rather than 

quantitatively. However, it has the advantage of being founded on basic ethnographic observations.  

Stapert found no evidence for hearths inside structures at Pincevent, but he did find evidence 

for this at Etiolles. This method was also used at Kettig and several other final Paleolithic sites in the 

central Rhineland of Germany (Baales 2001). Most of these sites did not display any evidence of hearths 

within dwellings but Baales did find one example at Andernach of a hearth within a tent of around four 

meters in diameter. He also found different distributions of the artifact categories at Kettig; endscrapers 

tended to be discarded closer to the fire than were projectile points. Stapert (1992) found the same 

pattern at a site of a similar age, and argued that the endscrapers were discarded next to the hearth 

because that was where their adhesive was softened in order to detach a worn-out tool from a handle 

and attach another. Baales (2001), however, was unable to find any evidence for adhesive on the 

endscrapers from Kettig. 

Henry (2012) found evidence for Binford’s drop and toss zones at Tor Faraj, and even identified 

the position and number of squatters (see figure 2.2). These “squat zones” correspond to low points in 

the number of artifacts, and consistently appeared at about 80-120 cm from the hearth center.  
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Figure 2.2 Schematic representation of how “ring” data can be used to interpret drop and toss zones 
(from Henry 2012). 
 

Stapert (1989) did not have as clear-cut results for Pincevent as Henry described from Tor Faraj. In most 

units there was a peak around 0.5-1 m from the hearth center and then the distribution gradually fell 

off. This lack of a clear pattern could be partially the result of the different ways the two researchers 

divided up the rings. Henry grouped the artifacts in 20 cm increments while Stapert used 50 cm 

increments. This means that Henry achieved a higher degree of resolution for his data and was able to 

see the trough where the hypothetical squatter was located and could discriminate between drop and 

toss zones. Carr (1991) also attempted to use Binford’s model to identify drop and toss zones at 

Pincevent. Carr, however, followed the precise numbers Binford recorded at the Mask site, a Nunamuit 

hunting stand. These data indicate that the drop zone should occur 0 to 1.2 m from the hearth but Carr 
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found that most of the chipping debris was located within 0.75 m of the hearth’s centroid (Binford 1983; 

Carr 1991). In the end, Carr was unable to find evidence for drop and toss zones at Pincevent but this 

was likely the result of the rigidity with which the zones were defined. The distance a person sits from 

the hearth depends on a multitude of factors, including the season of occupation, the number of people 

surrounding the hearth, and whether or not the fire was actively being utilized in an activity.  

 The sector part of the analysis potentially shows how artifacts were partitioned around the fire 

feature, perhaps corresponding to different activities. Stapert (1989) found that artifacts tended to 

cluster on one side of fire features and suggested that this might be used to infer the direction of the 

prevailing wind. Henry (2012) used the same reasoning at Tor Faraj, but took it a step further, arguing 

that hearths with similar wind directions were utilized at the same time, thereby allowing him to 

extrapolate the minimum number of occupations for each “floor”.  

 Another technique that seeks to identify spatial patterning through the general distribution of 

material is the creation of density maps. These maps are a particularly effective way to summarize 

artifact distributions in a manner that lends itself to visual interpretation. The map can be produced 

simply by counting the number of artifacts in each excavation unit (i.e. by m2), or one can employ a 

more specialized tool such as GIS software (see Gallotti et al. 2011). A density map is created in ArcGIS 

(or comparable software) by projecting the x and y coordinates and then running the point density tool1 

in the spatial analyst toolkit. This tool creates a magnitude for each map cell based on the data points 

within a specified radius. The radius of the circle is dictated by the analyst, too large and the density 

map loses spatial resolution, too small and the created density map is merely a rough replication of the 

point distribution. A GIS-created density map is much more elegant visually, but still similar in concept 

to a map in which grid squares are shaded by point value. Using the map generated by either method, 

                                                 
1
 A kernel density tool can also be used create a density map based on point data. It uses a slightly different 

algorithm for creating the smoothed surface.  



41 
 

an analyst can identify clusters more easily than in simple plots of the artifacts by isolating the areas 

showing the densest concentrations of artifacts.  

 Alperson-Afil and colleagues (2009) utilized density maps created using GIS software to show 

the spatial organization in the 750,000 years BP site of Gesher Benot Ya’aquov. They made individual 

density maps of each artifact type to show that two main areas were utilized, representing a wide range 

of activities. One area contained a high density of knapping debris and evidence for fish processing and 

the use of chopping tools. The other activity area, approximately 6-7 m away, exhibited a much wider 

range of activities associated with a hearth. In this case, density maps were used to visually identify 

patterns that would have not been apparent through only plotting points.  

 Although these examples show density distributions being used as the primary tool for analysis, 

they are a useful step in exploratory analysis, particularly because the wide availability of GIS programs 

has made them very easy to create. Including density maps in the initial steps of any spatial analysis 

study can help identify what types of analyses will be most useful to illustrate any patterning found 

within the data.  

These studies seek to isolate clusters of artifacts on the ground that can then be associated with 

different kinds of activities. Most of these studies do not assume that every activity will be neatly 

segregated in space, but the identification of areas relating to differing activity types is the goal. This 

does not mean that clean-up and discard behaviors are always ignored. Evidence of disposal areas is 

often actively sought, and some studies use disposal behaviors as a central tenant of their analysis, like 

the ring and sector method developed by Stapert. Unfortunately, in the case of long term occupations, 

or multiple occupations, the spatial structuring, if present at all, is often lost. 
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2.3 The use of lithic refitting in spatial analysis  

 Although one application for lithic refitting was described above in a study by Cahen and 

colleagues (1979), it can be used in a myriad of ways to study spatial relationships, often in concert with 

other analyses. The best way to understand how different areas of the site are connected is through 

refitting of lithic artifacts, bones and sometimes other materials as well. Lithic refitting is useful for a 

wide range of questions from the technological to the taphonomic (Richardson 1992). It is particularly 

helpful in spatial analysis because refitted lithics are an unequivocal link between two (or more) 

locations in the site. Depending on the distance and direction, a link could reflect either anthropogenic 

or taphonomic processes. Lithic refitting is particularly popular in France and Japan, where it is a routine 

part of lithic analyses (Schurmans 2007). In North America it is less common and is generally only utilized 

in special circumstances where the researchers think it would be particularly useful.  

 Lithic refitting is often used to compliment other types of analyses. Grimm and Koetje (1992) 

used it in addition to k-means clustering analysis. The k-means results show that use of space was highly 

repetitive and intensive at the Upper Paleolithic open air site of Solvieux. This conclusion is supported by 

the refitting results that show a palimpsest of overlapping knapping events.  

 One of the most advantageous ways to use lithic refitting in spatial studies is to establish 

contemporaneity between clusters (De Bie 2007). One-way refits between clusters suggest that there 

could be a relationship between the two sectors but it is not certain. Two–way refits, however, show 

that the two areas were likely being utilized at the same time. Hietala and Marks (1981) use this 

reasoning to argue for changes in spatial organization at Boker Tachtit, an Upper Paleolithic site in the 

Negev. The lower levels had many refits between areas, displaying an intensive occupation that may 

have been semi-sedentary. Later levels, however, show different regions within the site to be 

unconnected, reflecting shorter occupation spans and a less intensive use of space.   
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Refitting also shows how artifacts were moved around the site; i.e. which were discarded with 

the knapping debris and which were moved to other activity areas. This information can be used not 

only to identify activity areas but, also, to detect which artifacts were selected for use. In addition, 

through gaps in the refitting sequence, one can extrapolate which artifacts were removed from the site 

all together, giving a new perspective on provisioning choices (Roebroeks and Hennekens 1990).  

Unfortunately, while refitting has been used to make insightful and important contributions to 

our understanding of technological systems, it is often underutilized in spatial analysis, or employed only 

in an anecdotal way. It is true that refitted lithics only make up a subset of the entire assemblage, but 

they are still a powerful data type because of their associations throughout time and space. Refitting 

offers a level of certainty that cannot be achieved through other analyses. A group of lithics that refit 

together were almost certainly manufactured on site. Furthermore, at some point in time—i.e. when 

the lithics were attached to the core—they were all located in the same place. Since that time, they 

have been moved by some agent, anthropogenic or otherwise. These indisputable facts about refitting 

sets are two of their strongest contributions to the archaeological dataset and serve as a major part of 

the underlying framework for the spatial analysis study presented in subsequent chapters. 

 

2.4 Summary 

 The purpose of this chapter was not to provide an exhaustive description of all techniques used 

in spatial analysis studies. It is instead an overview of some of the techniques utilized in studying 

Paleolithic sites and to demonstrate the range of approaches. These techniques vary from those heavy 

in math and statistics (k-means, principal components analysis, Graph and Lattice Theory) to those that 

are more qualitative (ring and sector analysis, density distributions, refitting studies). In general, the 

best spatial analysis study should utilize several techniques. In any particular application some 

techniques may prove to be completely unhelpful while others may capture trends that were not 
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otherwise apparent. Using several techniques helps to further evaluate conclusions, such as using 

statistical analyses to test whether or not patterns seen using the qualitative approaches are 

quantitatively defensible. There are also some spatial patterns that are difficult to test using k-means or 

principal components analysis. Some sites are far too dense for clusters to be isolated and real-world 

activity areas are almost never circular in shape.  

In addition, we are limited to the cultural debris that has been preserved. For example, a 

woodworking activity area, which may have been designated by a large pile of debris at one time, will be 

represented by a few stone tools in an otherwise empty area at the time of archaeological excavation. 

For many sites, particularly those located in open air contexts where bone preservation might be poor, 

the bulk of spatial evidence may simply reflect the distribution of knapping events as well as clean-up 

and discard (Locht 2001, 2011). The preservation of hearths and other features can provide useful 

anchors for artifact distributions. Moreover, ethnographic evidence about hearth use (drop and toss 

zones, for example) provides ready interpretations for distributions of material around hearths. 

Techniques such as the ring and sector method would obviously not be possible without the presence of 

hearths.  

 In most cases, however, the spatial analysis of Paleolithic sites should be approached from a 

perspective other than activity areas. The search for activity areas rarely yields conclusive results, and 

the spatial associations that are found are often difficult to interpret. Simply showing that there are 

more blades on one side of the site than the other does not help achieve a greater understanding of 

human behavior. Every archaeological site is the product of a series of overlapping behaviors, usually 

produced by more than one individual, perhaps more than one group, over a period of time which may 

or may not be continuous. The behaviors that led to the final structure of an archaeological site are 

myriad and diverse and do not consist only of the “activities” that we associate with hunter-gatherer 

subsistence and tool-making. These activities were important when an artifact was an “active” part of 
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the society, in the systemic context, (sensu Schiffer 1972), but they are often discarded in ways that 

have nothing to do with how they were used. Schiffer argued this point emphatically in 1972 and 

throughout his career. In order to understand the spatial structure of archaeological sites, we must 

understand their formation by disentangling the many overlapping behaviors and natural processes that 

formed them. Spatial analysis is in the unique position to do this. Furthermore, a comparative approach 

might be the only way to truly understand the formation of different site types.  

The sites included in my study were not appropriate for many of the spatial analysis methods 

described above. They are, as Locht (2001, 2011) has described, mostly concentrations of lithic debris, 

the result of the manufacture and discard of stone tools. Only one site has a preserved hearth and none 

of the sites contain preserved bones. However, the sites included in this analysis are not the exception; 

they are the rule. In most sites, lithic debris constitutes the bulk of the archaeological material. A central 

goal of this project was create methods that could be applied to a range of sites and were not 

constrained to exceptional cases or the existence of certain features or materials.  

The comparative feature of this study is one of its major strengths. A comparison of the spatial 

structure of seven sites creates an opportunity for an approach that would lose its power on a single 

assemblage. Instead of striving to isolate spatial units that can be compared to each other, the spatial 

structure of entire sites can be compared. What is revealed does not necessarily indicate differences in 

the number or type of activities—though differences may be present—but that the formation of spatial 

structure has more to do with how long and how often sites were occupied. At their core, the analyses 

in this study are tracking the spatial expansion of knapping products and debris over time. This tracking 

is done on two levels: 1) though the outward expansion of debris and projects from the high density 

“knapping” zones to the medium and low density zones, and 2) through the movement of refitted pieces 

outward from where they were knapped. This method can almost be seen as the opposite of methods 

that track hearth related activities. A hearth has a centripetal effect on activities and behaviors; it draws 
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them in. In contrast, the movement of lithics within the sites of this study is centrifugal; they move 

outward from where they were knapped. The documentation of this centrifugal dispersion over time is 

the core foundation of this study.  
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CHAPTER 3  

OVERVIEW OF THE SITES 

 France has a rich record of Paleolithic sites, the result of a long tradition of archaeological 

research as well as an attractive landscape for ancient hunter-gatherers.  The seven sites included in this 

study come from the southwest and the Paris Basin. Le Prissé à Bayonne is the most southerly site, 

situated near the eponymous city. Cantalouette and Bossuet are up the coast, to the east of Bordeaux, 

on the western edge of the Périgord, one of the richest regions for Paleolithic sites in the world. La Folie 

is located on a floodplain near Poitiers. Finally, Villiers Adam, Fresnoy, and Bettencourt are found within 

paleosols in the loess belt north of Paris. These seven sites are therefore situated in different landscapes 

and depositional environments. All sites are open air with little or no bone preservation. More detailed 

descriptions of each site are presented below2.  

                                                 
2
 Throughout this dissertation, please refer to appendix A for a table with brief site descriptions in order to 

facilitate comparison. 
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Figure 3.1 Locations of the seven sites within France.  
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Figure 3.2 Map of Le Prissé displaying all coordinated points. Grid is in meters. 
 
 

3.1 Le Prissé à Bayonne 

 The site of Le Prissé à Bayonne is located on the Saint-Pierre-d’Irube Plateau southeast of the 

city of Bayonne, near the confluence of the Ardour and Nive rivers (Castets 2010; Colonge et al. 2015). 

This plateau is rich in open air Paleolithic sites including the Middle Paleolithic reference site for the 

region, Basté (Chauchat and Thibault 1968), located just a few hundred meters southwest of Le Prissé. 

Modern development in the area has increased recently, and for this reason, L’institut national de 

recherches archéologique préventives (INRAP) was enlisted to perform rescue excavations. Numerous 

test excavations were performed and two sites, Le Prissé and Jupiter, were excavated extensively 
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(Colonge et al. 2015). Le Prissé contains one Upper Paleolithic (Gravettian) layer, two late Middle 

Paleolithic layers, and a very low density Acheulean layer (Colonge et al. 2015; Redondo 2011).  

Artifacts from the older Mousterian layer are heavily patinated and dominated by Levallois 

reduction. The distribution of lithics is continuous and without obvious concentrations of material. The 

later Mousterian artifacts are unpatinated and were produced through discoidal reduction. The 

distribution of artifacts displays a higher degree of spatial structure and for that reason, it was chosen 

for this study (but see Chapter 4 for a more detailed comparison). About 600 m2 of the more recent 

layer was excavated in 2010 and an additional 400 m2 was excavated in 2013. The study of the 2013 

excavation materials is still ongoing and is not included in this dissertation.  

Most lithics were made on tabular flint nodules originating from primary outcrops about 2 km 

away from the site. Other materials were found in alluvial contexts from the Ardour and Nive river beds. 

The intended products of the discoidal reduction at Le Prissé were centripetal flakes and pseudo-

Levallois points. Many of these were exported from the site (Colonge et al. 2015). Retouched tools, 

represented mostly by side scrapers and denticulates, make up less than three percent of the 

assemblage. There are eight bifaces and six cleavers, all of which were made elsewhere and imported to 

the site. Out of a sample of 200 pieces, only 10 displayed use-wear. Use-wear was found on bifaces and 

unretouched flakes, indicating that these tools were used to cut soft to medium-hard materials, likely in 

the context of butchering (Colonge et al. 2015). Therefore, the excavators conclude that the later 

Mousterian layer was used as a primary workshop with some exportation of flakes and as a location for 

secondary butchering using imported bifaces.  
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Figure 3.3 Map of Cantalouette displaying all coordinated points. The shaded areas are the locations 
that were most affected by the doline and therefore were left unexcavated. Grid is in meters. 
 
 

3.2 La Doline de Cantalouette II 

La Doline de Cantalouette II is one of a series of sites excavated to make way for a road bypass 

around the city of Bergerac in southwestern France (Bourguignon et al. 2008). Four sites (Cantalouette I-

IV) were excavated as a part of this project, with occupations ranging in time from the Mousterian 

through the Upper Paleolithic. This area is rich in Paleolithic sites because of the high quality flint 



52 
 

(Bergeracois type) that can be easily found, even to this day, eroding out of limestone on the plateaus 

surrounding Bergerac. La Doline de Cantalouette II is the largest site excavated as part of this project 

and contains remains from the Acheulean through the Bronze Age. The most substantial occupation at 

La Doline de Cantalouette II was Mousterian. The sites are located on the southern edge of the 

Pécharmant Plateau, 81 m above the Dordogne River. Cantalouette II lies within a doline, a karstic 

depression, that has created some taphonomic disturbance, but the parts of the site that were most 

affected by the doline were left unexcavated.  

The Mousterian assemblage form La Doline de Cantalouette II is characterized by very large 

cores and primary core shaping flakes, as is common for sites in the area, due to the very large sized 

nodules. It is dominated by parallel unipolar and Levallois systems of reduction (Bourguignon et al. 

2008). Retouched tools make up only one percent of the assemblage. All lithics are very well preserved 

with no patination or weathering of any kind. They were likely buried relatively quickly. The site was 

dated via thermoluminesence on burnt flakes to around 60,000 BP. 

 The site has a high artifact density (over 15,000 pieces in the Mousterian level, with some areas 

exhibiting as much as 450 lithics per m2) and was excavated within an area of 240 m2. Every piece 

greater than 2 cm was plotted with a total station but because of the particularly high number of finds, 

each artifact was not analyzed individually. Instead, counts were made for each technological category. 

A large scale refitting analysis was undertaken, however, and all pieces involved in a refit were analyzed 

individually, as well as all cores and tools. Therefore, for this study, analysis of Cantalouette provides the 

overall distribution of artifacts but each point may or may not contain additional information.  
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Figure 3.4 Map of Bossuet displaying all coordinated points. Grid is in meters. 
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3.3 Champs de Bossuet 

 Champs de Bossuet was excavated prior to the construction of the section of Auto-Route 89 

between Bordeaux and Brive-la-Gaillarde (Bourguignon et al. 2000). It is located on one of the terraces 

of the Isle River within a paleo-channel that drained into the Lavie, a tributary of the Isle. The river 

terrace on which the site is situated was formed during OIS 8. A brown paleosol formed on the terrace is 

attributed to a warm period, likely OIS 7 or 5, or perhaps it formed during both warm periods. The 

paleo-channel that contains the archaeological deposits was created during a widening of the valley 

over a relatively short period of time during OIS 7 or later. The paleo-channel then served as a sediment 

trap that accumulated colluvium. The archaeological material was deposited in situ on top of the 

colluvium. The archaeological material can therefore be dated minimally to OIS 7 but OIS 5 is a more 

likely estimate (Bourguignon et al. 2000).  

The paleo-channel contained many flint cobbles that may have attracted Middle Paleolithic 

hominids to the location (Bourguignon et al. 2000). Quartz cobbles also were utilized infrequently (about 

1.3 percent of the assemblage), mainly as hammerstones, but also as flakes, choppers, and chopping 

tools. Thus, Bossuet, like Cantalouette, is primarily a raw material workshop site, albeit with smaller 

sized nodules. Because the channel was mostly filled in prior to occupation, the larger sized cobbles 

would have been at the base of the channel and therefore inaccessible during the period of occupation. 

The industry is denticulate Mousterian produced through discoidal reduction. About three percent of 

the assemblage was modified as tools.  

Like Cantalouette, Bossuet has a high artifact count and is also high in density. The technological 

attributes were collected in a similar method, by counting numbers of technological groups rather than 

entering information for each piece into the system individually. The final area excavated amounted to 

298 m2. The northern section of the site was closer to the surface and therefore was disturbed by 
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agricultural practices during the Holocene. Due to this disturbance archaeological material in that part of 

the site were collected by square meter and were not utilized in this study.   

 
3.5 Map of La Folie displaying all coordinated objects and the proposed limits of the wind break (dotted 
circular line). Grid is in meters.  
 
 

3.4 La Folie 

 La Folie is a small, low density site located on the floodplain of the Clain River, 3 km downstream 

of Poitiers. A total of 580 m2 was excavated prior to the construction of a water treatment facility 

(Bourguignon et al. 2002, 2006). The site is located on the left bank of the river under 2 m of alluvial 

sediments. Across the river, on the right bank, the river cuts into a steep hill. The low energy flood plain 

sediments left the site exceptionally well preserved. There is one archaeological horizon, with a 
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maximum thickness of 10 cm and a maximum artifact density of 189 lithics/m2. The excavators 

discovered a ring of stones, with evidence of post holes, and a non-pedogenic organic layer within the 

stone ring which they interpret to be an organic mat. The ring of stones is about 10 m in diameter and is 

thought to have been a wind-break due to its large size (Bourguignon et al. 2002).  

A stratigraphic layer of alluvium is located just below the floodplain sediments that contain La 

Folie and is associated with OIS 5d to 5b (Bourguignon et al. 2006). The site itself, however, was dated 

via thermoluminescence on burnt flint to 57,700 ± 2,400 years BP. Therefore, since stage 5b ended 

about 80,000 years ago, that land surface must have been exposed for a considerable amount of time 

before flood plain deposits began to accumulate. This gap in time was also marked by a change in the 

river system, shifting from a braided to a meandering stream with a decrease in velocity. This 

development created an adjacent flood plain where fine grain sediments were deposited.  

 The lithic assemblage is attributed to the Mousterian of Acheulean Tradition. It is characterized 

by Levallois reduction and the tools are mainly backed knives and denticulates. Unlike most MTA sites, 

however, La Folie does not contain handaxes. This could be a result of the size of the collection that is 

fairly small with only 1,262 lithics and more than 30 percent of these being less than 3 cm in length. 

There is an underrepresentation of primary Levallois flakes, suggesting that they were removed from the 

site to be used elsewhere. Use-wear analysis showed that some of the tools were used for cutting dried 

hide and supple vegetal materials. Other tools were used for intense scraping on dried hide and for 

wood working. The retouch frequency is 4.9 percent. Most are retouched backed knives and 

denticulates. Raw materials were obtained from nearby primary sources on hill slopes (Bourguignon 

2010). The sites occupants did not make use of river cobbles from the Clain. Bourguignon (2010) 

estimates that no more than 12 nodules were reduced at the site, which they interpret as another 

testament to the brief occupation. Also preserved is a fire features that contained 85 limestone rocks. 

There is a concentration of white calcite-like material adjacent to the rocks interpreted as the remains of 
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woody plant cells decomposed in place. In addition, there are numerous pieces of charcoal and burned 

material.   

 

3.6 Map of Bettencourt displaying all coordinated points. Sectors 1 through 3 (left to right) are shaded in 
grey.  
 
 

3.5 Bettencourt-Saint-Ouen 

Bettencourt-Saint-Ouen is located in an asymmetrical, dry valley that drains into the Nièvre 

River, a tributary of the Somme (Antoine 2002; Locht 2002). The site is positioned in the middle of a 

gentle slope facing northeast, a common topographic location for Middle Paleolithic sites in the area. 

The opposite slope, which faces west-northwest is much steeper and exposes the bedrock substrate. 

This steep slope experiences erosion through deflation and solifluxion while the gradual slope across the 

valley accumulates sediment through eolian (in the form of loess) and colluvial processes (Antoine 

2002). The deposition of eolian silt was aided by the presence of snow cover that would have persisted 
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on the northeast facing slope while melting and blowing away on the steeper slope. This particular 

depositional environment aided in the preservation of Middle Paleolithic sites at the beginning of the 

Last Glacial Period (Weichselian).  

The site is divided into three sectors by fossil erosion channels that cut through a sequence of 

grey humic paleosols (Antoine 2002). These soils formed during the beginning of the Last Glacial Period 

under forest cover. The third sector is characterized by a karstic depression that preserved a thicker 

accumulation of deposits and is the only sector in which all five archaeological layers are present. The 

two earliest archaeological layers, N3b and N3a, were deposited during OIS 5d, which coincided with the 

infilling of the karstic depression and a period of environmental instability and ended with a formation 

of the first paleosol, known locally as the Bettencourt Soil. This was followed by another period of 

environmental instability (5b), causing erosion, and then during OIS 5a the development of another grey 

forest soil within colluvium. This soil contains the next two archaeological layers, N2b and N2a. The final 

archaeological layer, N1, was deposited at the beginning of the transition to a completely different 

environment, open and steppic.  

The archaeological layer boasting the largest assemblage, N2b, was chosen for this study. It is 

located at the base of a grey forest soil, which experienced gradual colluvial and eolian deposition that 

did not disrupt the spatial organization of the artifacts (Locht 2002). The assemblage was dominated by 

locally available, high quality raw materials that could be found at the base of the valley and at the top 

of the slope. There are several distinct chaînes opératoires in layer N2b. Levallois reduction is present 

that utilized recurrent bipolar and centripetal techniques as well as a non-Levallois convergent unipolar 

method (Locht 2002; Locht et al. 2010). The primary products of these reduction sequences were flakes, 

points, and blades. Retouched pieces, mainly sidescrapers, make up less than two percent of the 

assemblage. Use-wear analysis found traces of butchering and woodwork. For the most part, bones 

were not preserved at Bettencourt due to the decalcification of the soils but teeth from layer N2b 
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represent two horses and one aurochs. Reflecting on the apparent repeated occupations at Bettencourt-

Saint-Ouen, Locht (2002) hypothesizes that it was a very attractive locale for Middle Paleolithic hunters 

for the following reasons: protected from the wind, ample raw materials within easy reach, and 

permanent water likely present at the base of the small valley. 

 

Figure 3.7 Map of Fresnoy displaying all coordinated points. Grid is in meters. 
 
 

3.6 Fresnoy-au-Val 

 The site of Fresnoy-au-Val, like Bettencourt, is located in northern France near Amiens. It is also 

positioned in a similar topographic setting: on the middle section of a gentle slope. Deep accumulations 

of silt deposits, containing Pleistocene soils, are often preserved in these locations. Many of these 
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paleosols yield Middle Paleolithic sites (Locht 2001, Locht et al. 2010). In this case, the two 

archaeological layers at Fresnoy were each found within a soil buried beneath about 8.5 m of sediment. 

The oldest archaeological layer (series 2) was found within a grey forest soil, locally known as the 

Bettencourt soil. This soil dates to OIS 5c and was independently verified by a thermoluminescence date 

on a burnt flint to 106,800 ± 7,500 BP (Antoine et al. 2008). The more recent layer was located within a 

second grey forest soil, this one dating to OIS 5a. This is equivalent to the soil that contains Bettencourt 

layer N2b, also included in this analysis. At Fresnoy, the two soils were separated by a rocky surface, 

which signals a break in sediment accumulation (Goval and Locht 2009). Both soils formed under a slow 

rate of colluvial deposition, about 4-5 cm per century, as suggested by models of soils in the region that 

formed during the Boreal period of the Holocene (Antoine et al. 2008). The environment would have 

been a mosaic with both open and wooded areas, dominated by pine and birch trees. Both 

archaeological layers were deposited on a gentle slope, although layer 1, included in this analysis, had a 

slightly steeper slope ranging from 14 percent in the northeast to 17 percent in the southeast (Locht et 

al. 2008). 

 The older layer represents a smaller, more ephemeral occupation, and was not included in this 

study. It was dominated by points and flakes produced through a Levallois system of reduction (Locht et 

al. 2008). The more recent layer covers a larger area and contained many more artifacts. It too is 

dominated by Levallois reduction, producing points, flakes, and also blades. Both archaeological layers 

were dominated by flint raw materials that were easily accessible from the site (Goval and Locht 2009). 

Goval (2008) hypothesizes that the prevalence of raw materials in the area may have been the main 

attraction for Neanderthal groups to that location. The percentage of retouched tools is low for both 

layers (< 2 percent), a characteristic of many sites in northern France. Instead, the products of the 

Levallois system were used as tools without retouch. Points in particular were found to be commonly 

imported and exported to sites in the region (Goval 2008).  
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Figure 3.8 Map of Villiers Adam displaying all coordinated points. Grid is in meters. 
 
 

3.7 Villiers Adam 

Villiers Adam (or Petit Saule) is situated in a topographic position very similar to Bettencourt and 

Fresnoy, on a gentle northeast facing slope in an asymmetrical dry valley (Locht et al. 2003). This valley 

is located about 35 km north of Paris and drains into the Oise River, a tributary of the Seine. Like 

Bettencourt and Fresnoy, the northeast facing slope accumulated sediment through colluvial and eolian 

processes and preserved a series of grey forest soils dating to early in the Last Glacial Period. Villiers 

Adam was preserved in the earliest of these soils, known as the Bettencourt soil, and dates to around 

100,000 to 107,000 BP within OIS 5c (Locht et al. 2010). This soil formed within a continental climate, 

about 2-3° Celsius colder than today, under a forest cover of pine and birch trees.  

The total excavated area is comprised of three sectors totaling 3,866 m2, but only the largest, 

sector 1, is included in this analysis (2,813 m2 excavated) (Locht et al. 2003). Although sector 1 
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constitutes the densest of the three layers, it is still very low in density and is made up of a series of 

discrete concentrations of artifacts. The macro spatial structure was well preserved, but most of the 

very small splinters of flint (esquille) were missing, indicating that sheet-wash affected the 

archaeological deposit and removed all of the smallest fragments.  

The majority of lithics found at Villiers Adam came from locally sourced raw material. The most 

common raw material was a flint that could be found within a few tens of meters to the east, north, and 

south of the site. Both Levallois and non-Levallois chaînes opératoires characterize the lithic technology. 

The primary products of these reduction systems were points, blades, Levallois flakes, and non-Levallois 

flakes. Tools made up about three percent of the assemblage and were mainly represented by 

sidescrapers. 

 

3.8 Summary 

 The sites described above span many of the common topographic locations for Middle 

Paleolithic open air sites. Le Prissé is on a plateau near the confluence of two major rivers. Cantalouette 

II was deposited within a doline on the Pécharmant Plateau. Bossuet is located within a paleo-channel 

on a river terrace and La Folie was found on a flood plain. The three sites in northern France all share 

similar topographic locations, on a northeast facing gradual slope within a paleosol formed on loess and 

colluvial deposits. Villiers Adam was deposited within an earlier paleosol and the layers selected for this 

study from Fresnoy and Bettencourt were found within a paleosol that succeeded it. Part of the 

assemblage from Bettencourt was deposited within a karstic depression, like Cantalouette. All sites were 

within close proximity of water and high quality lithic raw materials. 

 One notable point of variation between these sites is their scale. It is difficult to envision this 

difference when looking at each map separately. Figure 3.9 combines all of the sites in one image to 

facilitate easy comparison. The most striking difference is the entire assemblages of Cantalouette and 
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Bossuet, the raw material quarry sites each with a lithic count of over 15,000, are particularly 

concentrated when compared to sites such as Fresnoy and Villiers Adam. In contrast, the main 

concentration at Le Prissé appears especially diffuse. These differences in scale are important to keep in 

mind as we continue to the comparative analysis.  

 

Figure 3.8 The seven sites at the same scale. The lines represent refitting connections. 
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CHAPTER 4  

METHODS AND INITIAL RESULTS 

 This dissertation analyzes the spatial structure of Middle Paleolithic sites from a variety of 

perspectives. These perspectives include a study of the general distribution of material across low, 

medium, and high density areas, and the spatial connections of refitted material throughout the sites. 

The aim is to understand how site structure can inform us about duration and number of occupations 

represented by accumulations of lithic debris at a site. The goal of this chapter is to explain the methods 

utilized and to present the results that these methods generate. The initial results will be presented 

along with the methods in order to better explain the analytical protocols and how these results were 

produced. In the following chapters I will analyze and interpret these findings in greater detail.  

Researchers have approached the spatial analysis of archaeological sites in many ways, often 

adapting their approach to the particular situation of the site under investigation. This study instead 

attempts to create a suite of analytical methods and theories that can be applied to a wide variety of 

hunter-gatherer sites. In fact, the sites included in this study lack many of the features that characterize 

sites considered ideal for spatial analysis. First, faunal remains are not preserved in any of the subject 

sites3. Second, La Folie is the only site that contains a preserved hearth or other feature, and so I could 

not use methods that require the presence of hearth features, such as the ring and sector method 

created by Stapert (1989, 1992). Although some sites contain a handful of burnt lithics, these are not 

common and could not be used with certainty to identify potential hearth locations. Consequently one 

cannot rely on features to “tether” the analysis of this comparative study. This situation calls for 

methods that can be used for a wide range of site types, even those without preserved organic remains 

                                                 
3 Bettencourt has a small number of bones (mostly teeth) preserved, but it is an incomplete and biased sample 

and therefore not utilized in this study. 
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or features. The sites studied here vary greatly with respect to artifact density and site area and so the 

methods must be suited to both small, and low density sites and sites that are large, with a high density 

of artifacts. Although these methods were developed for the purpose of studying open air sites, it is my 

hope that they could eventually be applied to cave and rockshelter sites as well, particularly once we 

gain a solid understanding of the structure of open air sites. Because a variety of complicating factors 

are at work in the formation of deposits at cave and rockshelter sites, it is worthwhile to try the 

methods on spatially unconstrained open air sites first.  

 The three main sources of data for this study are the spatial coordinates of each lithic artifact, 

the artifacts’ technological classifications, and the refitted connections. These three sources of 

information were studied using two specific types of analyses, each designed to utilize the strengths of 

the particular data type. The first uses refitting data to map the movement of lithics throughout the site. 

The second uses all of the coordinated points to create a density map, from which high, medium, and 

low density areas can be identified. The composition of assemblages in each of these density zones is 

then compared in order to examine possible displacements of different items. Density histograms were 

also constructed for each site. A histogram provides an interpretable depiction of the structure of the 

artifact distributions in the site and is useful for initial comparisons. The methods and protocol for each 

analysis type will be explained through a presentation of the initial results.  

 

4.1 Site-wide density distributions 

 Before embarking on a more detailed study of the spatial structure of the seven Middle 

Paleolithic sites used in this study, it is important to get a sense of the general spatial characteristics of 

each one. It is also useful to create a baseline of expectations for the refitting analysis and density 

contour analysis. Table 4.1 includes the minimum site area, the total number of lithic artifacts 
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recovered, and the artifact densities calculated using these two variables from each site. The site area 

displayed below is not simply the total area excavated. Total excavated area would inhibit comparisons 

between the sites because the area excavated at any particular site was governed not simply by the 

distribution of archaeological finds but logistical limitations of the project. In some cases, excavation 

extended well beyond the areas in which artifacts were found, whereas in others the excavation 

boundaries clearly did not capture the entire distribution. For the purposes of calculating artifact 

density, a minimum site boundary was created by “wrapping” the plotted points with a tightly fitting 

polygon. This polygon was created in ArcGIS by connecting the outer edge of plotted points so that the 

entire artifact scatter was encircled. Once drawn, the polygon was utilized to calculate the site’s area 

and density (figure 4.1).  

 Area (m2) # Lithics Overall Density 
(lithics/m2) 

Le Prissé 1075 870 0.81 
Bossuet 228 15,797 69.29 
Bettencourt 915 5729 25.13 
Cantalouette 282 15,404 54.62 
La Folie 207 1262 6.10 
Fresnoy 1143 4270 3.74 
Villiers Adam 1928 1619 0.84 

Table 4.1 General data for the sites: site area, number of lithics, and site-wide lithic density. 

The sites display a wide range of artifact densities, ranging from 0.81 lithics per m2 at Le Prissé 

to 69.29 lithics per m2 at Bossuet. Bossuet and Cantalouette, the two lithic quarry/workshop sites, have, 

by far, the highest artifact densities. Bettencourt, however, is not too far behind with a density of 25.13 

lithics per m2. The remaining sites have relatively low artifact densities, but this is partially due to the 

fact that the site areas are very large: some patches within these large site areas might be very high in 

density whereas others are nearly devoid of artifacts. The one exception is La Folie, which is a small site 

in terms of both area and artifact count. The densities presented above, which are an average of the 
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entire site, are informative when making general comparisons between sites, but they hide a great deal 

of variation in the spatial distribution of artifacts.  

In order to get a sense of how the lithics were distributed, a density histogram was produced for 

each site. These histograms are constructed based on the artifact density per m2 using the site’s 

excavation grid. I have excluded squares with no artifacts from this analysis. Although examining the 

number of empty squares is useful for comparing sites, the edges of the sites were a problem because, 

as noted above, there were differences among sites in where the excavation area stopped. Squares with 

one artifact still provide an adequate proxy for empty spaces. 

By comparing the shape of the histograms, we can see how artifacts are distributed throughout 

each site (figure 4.1). At all sites, the largest number of squares contains just one artifact, and the 

frequency declines unevenly as the numbers of artifacts per square rise. The number of squares that 

contain one artifact, and the shape of the fall-off, can show whether the artifacts are more or less 

uniformly distributed throughout the site, or whether they are concentrated in high density areas. 

Cantalouette and Bossuet both display very “fat” tails. These fat tails result from two factors: 1) a small 

number of squares with only one or two artifacts, starting the fall-off at a much lower position on the y-

axis, and 2) a large number of squares with a moderate number of artifacts. This pattern indicates that 

density is relatively high throughout and comparatively uniform.  

Another way of comparing the distribution of artifacts is by looking at the coefficient of variance 

(table 4.2). The coefficient of variance (CV) is calculated by dividing the standard deviation by the mean. 

This normalizes the variance, making it possible to compare different datasets. The comparison of CVs 

from these datasets is simple, the higher the CV, the greater the variance. The CVs of Cantalouette and 

Bossuet are the lowest, indicating that they have the lowest amount of variance relative to the mean. 

Fresnoy and Villiers Adam have the highest CVs. They have a few squares with a high number of artifacts 
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which pulls their mean up, but the vast majority of squares only have one or two artifacts so most values 

are not close to the mean. In this way, this summary statistic can also show the relative evenness or 

unevenness in the distribution of points.   

 Mean Standard deviation Coefficient of variance 

Le Prissé 2.9 22.53 7.77 

Bettencourt 10.55 68.85 6.53 

Bossuet 61.74 109.24 1.77 

Cantalouette 64.78 90.69 1.40 

La Folie 13.6 63.08 4.64 

Fresnoy 5.74 51.45 8.96 

Villiers Adam 2.24 32.07 14.32 

Table 4.2 Summary statistics for the number of lithics in each square meter of the site’s grid.  
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The number of squares containing only one artifact provides insight into how evenly the artifact 

density is distributed (table 4.3). This is the maximum value on the y-axis for each site and is the starting 

point of the fall-off curve. A large number of squares with only one artifact means that the density must 

be concentrated in a very few number of squares. In the same vein, the maximum value on the x-axis, 

pertaining to the number of artifacts in the densest square, is also an interesting way to compare sites. 

This value reflects the degree of density concentration. In some ways, this value might be more 

meaningful then the average density for the entire site because it is not affected by site area. For 

example, this value distinguishes Le Prissé as being particularly low in density, with a maximum density 

of only 66 artifacts per m2. Le Prissé was also the lowest in overall site density, but it is similar to Villiers 

Adam. Villiers Adam, however, has a very large site area and here we can see that, in fact, its densest 

square contains 108 artifacts; still low, but much higher than Le Prissé.  

Table 4.3 Column one shows the maximum value for the y-axis, the number of squares containing one 
artifact. Column two shows the square density at which the frequency of occurrences falls below 2. 
Column three displays the maximum value for the x-axis, the number of artifacts in the densest square.  

In addition to the maximum values of the x- and y-axis, one other descriptive value is 

meaningful. In order to describe the fatness of the tail, I chose to use the largest number of artifacts to 

be found in two or more squares. This is presented in the second column of table 4.3. For example, La 

Folie has two squares with ten artifacts in each, but there are no duplicate values for denser squares. 

Bettencourt, however, has two squares with 77 artifacts in it, which extends the “fat” part of its tail 

much further to the right.    

 Number of squares 

containing one artifact 

Number where 

frequency <2 

Densest square 

Le Prissé 177 18 66 

Bossuet 16 221 527 

Bettencourt 159 78 225 

Cantalouette 13 135 443 

La Folie 27 11 189 

Fresnoy 240 27 183 

Villiers Adam 472 13 108 
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 It is enlightening to compare the density histograms of the subject assemblages to that of 

another archaeological layer that is not part of the study sample. Layer PM1 at Le Prissé was included in 

this study, but there is another layer, PM2, which has a much more evenly distributed density. The 

artifact count for PM2 is 996, higher than PM1 (n = 870). However, the density histogram looks 

dramatically different. 

 

Figure 4.2 Density histogram for level PM2 at Le Prissé.  

The PM2 density histogram lacks a right-hand tail. The greatest number of lithics in any one square is 10 

and that occurs in two squares. Even though there are 996 lithics, they are distributed throughout the 

site in a comparatively uniform fashion. This layer, unlike PM1, does not have any distinct artifact 

concentrations. This observation implies that there were no dense piles of debris from knapping events 

associated with this “site”. In fact, it could be argued that PM2 is not a site at all. It is likely that PM2 was 
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subject to significant geological sorting associated with sedimentary transport (Castets 2012). Another 

explanation, however, could be that some of the PM2 lithics are associated with a “background scatter,” 

as the entire area was heavily utilized during the Paleolithic. A “background scatter” represents a low 

level use of the landscape where lithics are used and discarded but in situ core reduction does not 

generally take place (Conard 2001; De Loecker 2004; Roebroeks et al. 1996). Usually this term describes 

a low density scatter of lithics that exists in the “background” of a more concentrated artifact 

distribution but in this case it could be present without the typical “foreground” scatter. However, the 

size of the assemblage suggests that at least some core reduction took place and the assemblage was 

redistributed through subsequent geological disturbance. Either way, the density histogram clearly 

shows that this layer could not be compared with the other sites in the study and it represents either a 

scatter heavily impacted by post-depositional processes, or a location visited briefly on many occasions 

but never long enough for features (such as knapping piles) to be formed. Moreover, it suggests that a 

long tail could be considered the characteristic profile of a site with spatial structure indicative of a true 

node on the landscape, a location where hunter-gatherers stayed long enough to create concentrations 

of artifacts.  

 Another way of exploring the distribution of artifacts within sites is by using the Gini Inequality 

Index (Lorenz 1905). This index is usually used to measure wealth inequality but in this case, instead of 

measuring the distribution of wealth within a population, it measures the distribution of lithics within 

square meter units at each site. A curve is created through plotting the percentage of artifacts 

represented (x-axis) for every percentage of grid units represented (y-axis). The index is the area 

between the curve and a one-to-one line (figure 4.3). The one-to-one line represents a completely equal 

distribution of points throughout the grid. Therefore, the closer the curve is to the one-to-one line, the 

more equal the distribution of points.  
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Figure 4.3 Graphical representation of the Gini Inequality Index. Gini =  

 

  

La Folie .77 

Bettencourt .69 

Fresnoy .65 

Bossuet .59 

Cantalouette .58 

Le Prissé PM1 .56 

Villiers Adam .48 

Le Prissé PM 2 .32 

Table 4.4 Gini Inequality Index for all sites in the analysis, including both layers at Le Prissé, organized 
from the most uneven distribution to the least uneven distribution of artifacts. The four shades refer to 
the four types of distributions explained in the text. 
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Figure 4.4 The Gini Inequality Index for the sites in this analysis (including the disturbed layer PM2 from 
Le Prissé). The line represents the percentage of artifacts represented (x-axis) in any given percentage of 
meter squares (y-axis). A site would lie on the 1 to 1 line if every meter square in the site had the same 
number of artifacts; in that case, the “wealth” would be distributed evenly. 

 The site that displays the most evenly distributed artifacts is, of course, layer PM2 from Le Prissé 

whose artifacts were redistributed at least partly by fluvial activity. The next sites closest to the 

expectation of even distribution are Villiers Adam and Le Prissé PM1, two sites that I consider fairly 

uneven in their artifact distribution. However, the Gini Index is largely driven by the extraordinary high 

number of squares containing only one artifact at these sites. The curves for Villiers Adam and Le Prissé 

PM1 begin as straight lines from the point of origin, representing the squares with one artifact, but, 

later, swing far to the right, a result of the few squares that contain many artifacts. As expected, Bossuet 

and Cantalouette are found to be similarly distributed, and in figure 4.4 their curves nearly overlap. 

Fresnoy, Bettencourt, and La Folie have the most heterogeneous or uneven distributions of artifacts 

according to the Gini Index. The curve representing La Folie on the chart begins much lower than the 

other sites, and Bettencourt is similar but has a somewhat shallower angle. This suggests that these two 

sites have similar spatial structures, with Bettencourt slightly more evenly distributed.  
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 The density histogram, coefficient of variance, and Gini Index plots cannot replace the 

information given by the site maps provided in chapters 3 and 5. Only the physical distribution of 

artifacts can show how different zones of the site are related in space. However, the above summarized 

present the data in a manner that depicts the range of spatially mediated variance within and between 

sites. These summary methods thus proved a succinct way to describe and compare sites. Within each 

site it is clear that as long as the artifacts are undisturbed and have not been repositioned by post-

depositional processes, they are distributed unevenly. They cluster in patches of high density, 

surrounded by medium density scatters. At some sites, there are multiple clusters of high density, and at 

other sites there are only one or two. A large proportion of most sites—excluding the quarry sites 

Bossuet and Cantalouette—are comprised of a low density scatter with just one or two artifacts per m2. 

The two lithic quarry sites are so dense that relatively few of the squares contain only one artifact. 

However, this situation is also conditioned by excavation procedures; in sites this big and dense it is 

often logistically infeasible to excavate outward until artifacts are no longer found. And even though the 

quarry sites do not display a low density scatter that we see in other sites in this analysis, there is still 

variation in the distribution of artifacts. The high density patches are simply more numerous and cover 

more area and the spaces between them are filled in with medium density scatters of artifacts. To some 

extent, this pattern of high and medium density artifact scatters is likely a product of the number of 

occupations. As the number of occupations goes up, the low density areas are increasingly infilled. While 

the density of the densest squares certainly increases as well, the most notable change is the infilling of 

the low density areas. This idea will be pursued further in chapter 7. 
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4.2 Lithic refitting analysis 

 One of the two major sources of information about the spatial organization of these seven 

Middle Paleolithic sites is lithic refitting data. I use these connections to infer how lithics in the refitting 

group have been moved within the site. Using the distribution of lithics within individual refitting 

groups, I can extrapolate where the knapping took place, which artifacts were moved, and to where 

they were moved. This mapping out of individual refitting groups can give a more nuanced picture of the 

spatial structure of these sites, both in terms of its ultimate structure upon abandonment and how that 

structure was formed. Conceptually, refitting data transforms the site from a static layout of artifacts 

fixed in time and space to a malleable arrangement of objects that reached their current position 

through a sequence of actions.  

Le Prissé 20% 

Bettencourt 14% 

Bossuet 5% 

Cantalouette 10% 

La Folie 38% 

Fresnoy 9% 

Villiers Adam 4% 

Table 4.5 Percent of assemblage refit. 

Lithic refitting data is perhaps the greatest strength of the datasets for these seven sites 

because the connections between refitted lithics display not only spatial linkages between different 

parts of the site but also contain information about the passing of time linking individual actions. Lithic 

refitting is a time consuming and painstaking process, so the lithic analysis protocol of most sites does 

not include refitting unless a specific research question warrants it. At INRAP, however, it has become 

commonplace to conduct lithic refitting on every Paleolithic site excavated. The level of success 

depends, of course, on the taphonomy of the site and the size of the assemblage as well as the 

behavioral processes that brought the assemblage into being. For example, one expects to find more 
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refits at a site where a great deal of core reduction took place, while in a site where finished tools were 

brought and subsequently abandoned refits might be quite hard to come by. Researchers conducting 

refitting at the sites included in this analysis experienced variable success rates, measured as the 

percent of the assemblage that could be refitted (table 4.5). In general, the smaller the site—both in 

terms of number of pieces and spatial extent—the larger the proportion of refits that will be found. 

Significant time was dedicated to each refitting project, so the refitting percentages represent the point 

at which returns from further study declined such that time spent outweighed the analyst’s assessment 

of the value of any future successes. Furthermore, many of the sites included in this analysis were refit 

by the same individuals so skill at refitting cannot be considered as a major bias. 

 Although lithic refitting is used for a wide range of purposes in archaeological research (see 

chapter 2), it is most often used in a qualitative way, either to examine particular chaînes opératoires, to 

assess post-depositional disturbances or stratigraphic integrity, or to determine whether different parts 

of a site are contemporaneous. For this study, however, the wealth of data provided by INRAP 

presented me with an opportunity to do something more quantitative. From a spatial analytic 

perspective the most interesting contribution of the refitting studies is the way that they show physical 

connectivity between different parts of the sites and the movements of artifacts within a site.  
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Figure 4.5 An example of how one refitting set from Bettencourt (refitting set 12) is divided among 
refitting groups. Group 1 is all lithics within one meter of each other, group 2 is all lithics within two 
meters of group 1, and group 3 includes any lithics located more than two meters from group 1. 

 

 In this analysis, the movement of artifacts is quantified by dividing each refitting set (i.e. the 

collection of artifacts that refit together) into three units: group 1 is all artifacts within one meter of one 

another, group 2 is all artifacts within two meters of this first group (or three meters of one another), 

and group 3 consists of artifacts that are more than two meters from group 1 (or more than three 

meters from one another). The distances chosen to differentiate the groups were based on a number of 

factors. A diameter of one meter was chosen for the first group because it is often cited in experimental 

and ethnographic literature as the size of the area around a knapper within which the vast majority of 
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debris falls during a knapping event (e.g., Newcomer and Sieveking 1980). Therefore, when dealing with 

debris from a knapping event, the most concentrated cluster of material most likely represents the 

original location of the activity, and the debris unlikely to have been moved after being knapped. This, of 

course, might not be true for every piece, but once a knapped piece is picked up to be utilized for 

another purpose, the lithic will most likely be discarded a certain distance away.  

In order to determine where group 1 is located, I simply identify the densest concentration of 

artifacts within the refitting set. In a small number of cases, there might be two spatially segregated 

clusters of artifacts. In this case, I used the cluster that has the greatest number of artifacts within a 1 m 

diameter circle (i.e. the most artifacts that can fit into group 1). If two clusters have an equal number of 

artifacts that could be placed in group 1, I chose the cluster with the lowest maximum spread. This 

scenario is rare, however; for the vast majority of refitting sets it was easy to define the first group. In 

fact, the concept of breaking the refitting sets up into three different groups was developed after 

studying the refitting sets independently for months. There was always a tight cluster of lithics grouped 

together, a few nearby, and one or two located at some distance from the group. Interestingly, 

Bourguignon et al. (2008) independently identified this spatial patterning at Cantalouette, unbeknownst 

to me while developing this technique. They point out that the spatial groups are only apparent at the 

scale of the refitting set because if you look at the site as a whole, these zones are masked due to 

repeated use of the site that leads to many superimposed refitting sets. In other words, when you look 

at refitting sets individually, there is a clear spatial pattern where a few artifacts cluster tightly together, 

a couple more are located nearby, and one or two are located at some distance. However, at the site 

level, all of these sets are jumbled together and this spatial patterning is not apparent.  
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The distance differentiating the second and third group was more difficult to anticipate than 

between the first and second. It was determined simply by looking over many refitting groups, where 

the outlying pieces always seemed to be about 1-2 m from the central group. These group definitions 

were then tested by making a histogram of the refitting distances to see where natural breaks occurred.  

 

Figure 4.6 Histogram of refitting distances at Bettencourt. The red arrows indicate where the breaks in 
refitting groups were established. 
 
 
Above is an example of such a histogram from Bettencourt. Most of the refit distances cluster below 1 

m, then there is a fall off, and a long tail begins around 3 m. Of course, these are just approximations, I 

could easily have chosen 1.3 m instead, or 3.5 m, but whole numbers seemed to be a reasonable 

solution especially given that the breaks are essentially arbitrary. The histograms created for the other 

sites were similar to that of Bettencourt.  

Bettencourt .93 3.75 

Cantalouette 2.26 5.08 

Fresnoy 2.18 13.50 

La Folie .69 3.67 

Mean 1.52 7.45 

 Table 4.6 Group breaks generated by cluster analysis of refitting distances with 3 groups specified. 
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 I ran a cluster analysis of refitting distances to help with identifying natural breaks in the data 

(table 4.6). When I specified three groups, the results varied most between group 2 and 3. The break 

between groups 1 and 2 fell to either side of 1 m, although 1.5 m was the mean. The break between 

groups 2 and 3 ranges from 3.67 m at La Folie to 13.50 m at Fresnoy. Fresnoy has a particularly high 

number of long distance refits that pulled the break to the high side. The results from the cluster 

analysis do not necessarily agree with my chosen thresholds of 1 m and 3 m, but they do show that 

there is a great deal of variation between sites. Furthermore, it is better to choose shorter distances to 

distinguish between groups because of the size differences among the sites in this data set. Many of the 

long refits seen at some of the sites would not be possible at a small site like La Folie.  

 Each refitting group was independently measured and the individual artifacts were assigned to 

one of the three groups. The majority of artifacts were found in group 1, a lesser number in group 2, and 

the smallest number of artifacts fell into group 3. The following table is a division of the artifact groups 

by site.  

 Group 1 Group 2 Group 3 

Le Prissé 51% 26% 22% 

Bettencourt 58% 31% 9% 

Bossuet 47% 29% 24% 

Cantalouette 77% 14% 8% 

Fresnoy 51% 27% 22% 

La Folie 69% 19% 8% 

Villiers Adam 81% 13% 6% 

Table 4.7 Distribution of refitted lithics into three refitting groups. 

The proportion of refitted pieces falling into group 1 ranges from 81 percent at Villiers Adam to 

47 percent at Bossuet. The size of group 2 ranges from 31 percent at Bettencourt to 13 percent at 

Villiers Adam, whereas group 3 ranges from 24 percent at Bossuet to 6 percent at Villiers Adam. What 

these differences actually mean will be addressed in following chapters, but it is clear that the majority 
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of lithic pieces remained very close to the location where they were knapped. It should be pointed out 

that debris make up only a very small fraction of the pieces involved in this refitting analysis (2.2 percent 

of the artifacts refit), mainly because their small size made it very difficult to refit them. Therefore, the 

pieces found in group 1 are mostly larger lithics that could potentially have been used as tools or even 

cores.   

To get an idea of what types of lithics were moved and which were discarded where they were 

knapped, the counts by technological category for each refitting group were calculated. The raw 

numbers alone, however, are difficult to interpret. In order to better appreciate the composition of each 

group and how it compares to the overall assemblage, I have calculated the extent to which the 

representation of the technological category within each refitting group differs from that of the 

assemblage as a whole. In other words, in a homogeneous distribution with artifacts moved at random, 

one would expect each of these technological categories to appear in the refitting groups in the same 

proportions as in the assemblage as a whole. In order to illustrate possible differences, I first calculate 

the technological category as a proportion of each refitting group, and then subtract the same figure 

calculated for the entire site assemblage. The result is a positive or negative number indicating how the 

representation of the artifact category within a particular group differs from the artifact composition of 

the entire site. A negative number means that there are fewer pieces of that category than would be 

expected (the site assemblage has a higher proportion), whereas a positive number means that the 

category is overrepresented (the refitting group has a higher proportion). The results were then 

subjected to a statistical test using confidence intervals (tables 4.8 and 4.9). 

Figures 4.7 and 4.8 show the distribution of each technological category by refitting group and 

by site (the figure is divided in two to facilitate visibility). Some results are common to all sites. Not 

surprisingly, for example, cortical and partially cortical flakes are found in higher proportions than 
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expected in group 1, which is consistent with knapping activities, and in smaller proportions than 

expected in groups 2 and 3. This pattern is statistically significant for cortical flakes in all three refitting 

groups at Bettencourt and is statistically significant for partially cortical flakes in groups 1 and 3 at 

Fresnoy and group 1 at La Folie. Naturally backed flakes display a weak signal for most sites, except at Le 

Prissé where their overrepresentation in group 1 is statistically significant. Maintenance flakes, which 

include core shaping flakes and associated pieces, do not display a unified pattern, a somewhat 

surprising result given that one might expect them to have been discarded near the rest of the knapping 

debris. However, for the two sites where statistical significance is achieved for maintenance flakes, 

Bettencourt and Bossuet, they do show an overrepresentation in group 1 and an underrepresentation in 

group 3. Débordant flakes display mixed results; at Le Prissé they are underrepresented in group 1 while 

at Fresnoy they are underrepresented in group 2.   

The “debris” category shows the clearest signal at Le Prissé, where it is overrepresented in 

group 1 and underrepresented in groups 2 and 3. All three results are statistically significant. Debris also 

displays statistical significance for group 1 at La Folie, but all other sites show only slight deviations from 

the expected values. This mostly can be explained by small sample sizes, however. Flakes in general tend 

to be exported from group 1 and therefore are found in higher proportions in groups 2 and 3. This trend 

only achieves statistical significance at Bettencourt. Blades follow a similar pattern to flakes, although 

there are only two sites that contain blades in this analysis and neither have statistically significant 

results. Levallois flakes and pseudo-Levallois points are also exported from group 1 and found in higher 

than expected proportions in groups 2 and 3. This trend is statistically significant for Levallois flakes at 

Bettencourt.  

Nodules do not display a consistent pattern for the two sites in which they are present. Nodules 

are slightly underrepresented in group 1 at Cantalouette, overrepresented in group 2 and as expected in 
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group 3. At Le Prissé nodules are overrepresented in group 1 but underrepresented in groups 2 and 3; 

here, statistical significance is achieved for group 1. Cores tend to be found in higher than expected 

proportions in groups 2 and 3 and lower than expected proportions in group 1, but there are some 

differences among sites. However, for the two sites where significance is achieved, Bettencourt and 

Cantalouette, cores are underrepresented in group 1. This suggests that cores have an independent 

trajectory around the site and are not associated with the reduction debris to which they refit. Tools, in 

general, are found in lower proportions than expected in group 1 and are found in particularly high 

proportions in group 3. However, this pattern is only statistically significant at La Folie. At Fresnoy and 

Bettencourt tools are significantly overrepresented in group 1.  

 

Figure 4.7 Distribution of technological categories by site and by refitting group for the first three sites.  
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 Le Prissé Bettencourt Bossuet 

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 

Cortical flake    ↑ ↓ ↓    

Partially cortical flake          

Naturally backed flake ↓         

Maintenance flake    ↑  ↓ ↑  ↓ 

Débordant flake ↓         

Debris ↑ ↓ ↓       

Flake    ↓  ↑    

Blade          

Levallois flake    ↓ ↑     

Pseudo-Levallois point          

Nodule ↑         

Core    ↓      

Tool    ↑      

Table 4.8 Significant values associated with figure 4.6 as determined by 95 percent confidence intervals 
of the proportion of the refitting group compared to the proportion of the complete assemblage. The 
arrows indicate whether they are significantly over or underrepresented. 

 

Figure 4.8 Distribution of technological categories by site and by refitting group for the second three 
sites. 
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 Cantalouette Fresnoy La Folie 

Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 Group 1 Group 2 Group 3 

Cortical flake          

Partially cortical flake    ↑  ↓ ↑   

Naturally backed flake          

Maintenance flake          

Débordant flake     ↓     

Debris       ↑   

Flake          

Blade          

Levallois flake          

Pseudo-Levallois point          

Nodule          

Core ↓         

Tool    ↑   ↑  ↓ 

Table 4.9 Significant values associated with figure 4.7 as determined by 95 percent confidence intervals 
of the proportion of the refitting group compared to the proportion of the complete assemblage. The 
arrows indicate whether they are significantly over or underrepresented. 

 

4.3 Density contour analysis 

The density and contour analysis is meant to compliment the refitting analysis by highlighting 

the spatial structure of a site through the distribution of all lithic pieces. This analysis divides the site 

into “high”, “medium”, and “low” density zones. Generally speaking the density values show concentric 

arrangements. High density zones are contained within medium density zones, which in turn are 

contained within low density zones. We do not see, for example, empty areas surrounded by rings of 

high density, as might be expected for toss zones around a feature or work area (see figure 4.9).  
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F
igure 4.9 Example of the high, medium, and low density areas at Bettencourt. The high density areas are 
delimited by the yellow contour lines, the medium density areas are delimited by the red contour lines, 
and the low density area is everywhere else. 

 

4.3.1 Background on the method  

 Spatial analysis in archaeology is often structured around the search for activity areas (see 

chapter 2 for more information). By identifying activity areas, archaeologists hope to assess the range of 

behaviors that occurred on the site and, in so doing, evaluate whether it was a “residential” or 

“logistical” campsite, straining to place the site into the neat categories that Binford (1980) established. 

An even more ambitious goal would be to use the number of activity areas to make inferences about the 

size and social structure of the group using the site (Hayden 2012).  

In practice, of course, spatial areas linked to different activities are nearly impossible to find, 

particularly in a site where only one type of material is preserved. This analysis began as a way to isolate 
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clusters of lithic debris so that activity areas could be identified. However, instead of identifying 

different clusters of artifacts that were linked to different activities, the analysis revealed different 

clusters of artifacts all containing debris from the same activity, lithic reduction. The contents of each 

dense accumulation of debris were nearly identical and therefore appeared, initially, uninteresting.  

While the goal of identifying activity areas remains valid in principle, it simply cannot be addressed with 

this data set—at least not directly—in the pursuit of activity areas. Like many of the great questions in 

archaeology, we must approach the question of activity loci indirectly. 

It is unsurprising that these dense piles of lithics are largely made up of what lithic analysts 

would call manufacturing debris—cortical flakes, core shaping flakes, éclat débordants—and that they 

would be largely identical in overall content. This project is, after all, an examination of sites where the 

only remaining artifacts are stone used as tools or debris associated with the manufacture of said tools. 

Generally, stone tool manufacture leads to a large amount of waste debris and in lieu of any other 

preserved materials this debris would, of course, dominate the finds from the site numerically, 

especially when materials such as bone are not preserved. Each piece above a certain size—generally 2 

cm—has its own x-y-z coordinate and its own catalog number, and therefore each piece is considered 

equal by the spatial analyst.  

Since we do not have other classes of debris, such as bones or wood chips, the only sign of other 

activities might be a single or specific kind of lithic tool. Using one lithic tool to define an activity 

area―even if use-wear analysis links it to a par�cular ac�vity―would be considered an interpre�ve 

stretch by most archaeologists. The most we can say at sites where only stone is preserved is that low 

density areas, which usually contain a number of discarded tools, might have been high density areas of 

non-lithic debris in the past. Had all the materials been preserved, we may have been able to identify 

these zones as “activity areas” instead of “low density areas” as we do here based solely on lithic 
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distributions. Although I do not use the term “activity area” to describe any particular area in this study, 

it is implied that these zones of variable lithic densities were the result of different types or intensities of 

activities. The high density areas can safely be linked to lithic production, but the medium density areas 

may have been the location of a mixture of activity types or less intensely used space.  

 

4.3.2 Methods 

 Instead of comparing contents of high density clusters of lithics, as might be done in a direct 

search for activity areas, this analysis compares high, medium, and low density sectors of the site, 

determined using ArcGIS density maps. As a first step, a density map is created using the point density 

tool. This creates a raster that is similar to a DEM elevation map, only it shows the density of lithics, not 

the elevation of the ground surface. Next, the contour tool is used to create contours of the density 

raster, not unlike the contours on an elevation map. These contours were used to differentiate between 

the high, medium, and low density parts of the site. The contour thresholds were chosen based on 

where breaks in density occurred. The same visualization technique that is fundamental to elevation 

maps, representing either “steep” or “flat” places, were used to find breaks in the density groups. 

Although this method of defining density groups is somewhat subjective, the use of contours makes the 

limits of the groups consistent across the entire site. The density groups for each site were identified 

relative to the overall pattern in each site; density categories are not consistent between sites. It is 

much more useful to analyze each site in its own right because the contour delimitating the “high 

density” group for a small site like La Folie, might encompass the entire site for a large and dense site 

such as Cantalouette.  

 



90 
 

4.3.3 Results 

 Once the three density zones have been delimited, the contents of each can be compared. 

Figures 4.10 and 4.11 compare the contents of each density group by site. The values are normalized by 

computing the technological category as a proportion of each density group and then subtracting the 

same technological category as a proportion of the site assemblage as a whole (in the same manner that 

was done for the refitting groups). The figures then show whether there are higher or lower proportions 

than expected for each artifact group. For example, if the artifact category “core” has a positive number, 

we conclude that cores make up a higher proportion of the artifacts within that density group than 

would be expected if the artifacts were equally distributed across all density groups. If the value for 

“core” is a negative number for a particular density group, then there are fewer cores than expected for 

that density group. As was done for the refitting analyses, these results were tested for statistical 

significance using confidence intervals (tables 4.10 and 4.11).  

Some general differences among density groups are apparent for the sites. The clearest signal 

comes from the debris. Nearly every site displays statistical significance for one or more of the density 

groups and they always show debris to be overrepresented in the high density group and 

underrepresented in the medium and low density groups. This, of course, makes sense since the high 

density zones were likely where most knapping activities occurred. Le Prissé does not follow this pattern 

as closely as the other sites, but these values are not statistically significant. 

Retouched tools have a fairly uniform signal for all groups. They occur in lower than expected 

proportions in the high density group and higher than expected proportions in the middle and, 

especially, low density groups. This pattern is statistically significant at Le Prissé and La Folie for the low 

and high density groups and at Villiers Adam for the low density group. Bifaces and cleavers follow the 

same pattern at Le Prissé, the only site to contain these particular tools. Levallois flakes are distributed 
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in a similar manner as tools, although this trend is not consistent for all sites. At Fresnoy, Levallois flakes 

achieve statistical significance for every density group, displaying underrepresentation for the low and 

medium density groups and overrepresentation for the high density group. At Villiers Adam, the 

deviation from the expected value is significant for the high density group. Villiers Adam also shows a 

similar distribution of flakes. They are found in higher than expected proportions in the low and medium 

density groups and lower than expected proportions in the high density group; all results are statistically 

significant. The distribution of flakes is statistically significant at three other sites, Le Prissé, Bettencourt, 

and Fresnoy, where flakes occur in higher than expected proportions in the medium and low density 

groups but lower than expected proportions in the high density groups. The only deviation from this 

trend that is statistically significant is at Le Prissé, where flakes are underrepresented in the low density 

group. Blades also tend to be underrepresented in the high density areas and are found in higher than 

expected proportions elsewhere.  

The results from the different types of cortical flakes vary between sites and between cortical 

flake types (fully cortical, partial cortex, or naturally backed flake). At most sites, the different types of 

cortical flakes are found in higher than expected proportions in either the medium or low density 

groups. This pattern is statistically significant at Fresnoy, Bettencourt, and Le Prissé. At Villiers Adam, 

however, cortical flakes are significantly underrepresented in the high density group and significantly 

overrepresented in the medium and low density groups. Like the situation for cortical flakes, 

maintenance flakes do not show a unified pattern for all sites. The pattern from cores is more coherent. 

In general, they are found in lower than expected proportions in the high and medium density zones, 

and in higher than expected proportions in the low density zones. Statistical significance is achieved for 

this pattern in at least one density group for every site except for La Folie. This finding is consistent with 

what was found in the refitting analysis and is one of the most interesting patterns to come out of these 
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analyses. This finding about cores, as well as the other patterns exhibited, will be explored further in the 

coming chapters.  

 

Figure 4.10 Distribution of technological categories by site and by density group for the first three sites 
in the analysis.  

 

 Le Prissé Bettencourt Fresnoy 

High Medium Low High Medium Low High Medium Low 

Cortical flake    ↓  ↑   ↑ 

Partially cortical flake   ↓    ↓  ↑ 

Naturally backed flake          

Maintenance flake    ↓  ↑ ↑   

Débordant flake        ↓  

Debris    ↑  ↓ ↑  ↓ 

Flake  ↑ ↓ ↓   ↓ ↑  

Blade     ↑ ↓ ↓  ↑ 

Levallois flake       ↓ ↓ ↑ 

Pseudo-Levallois point          

Nodule          

Core   ↑ ↓  ↑  ↓ ↑ 

Tool ↓  ↑       

Biface/cleaver ↓ ↓ ↑       

Table 4.11 Significant values associated with figure 4.9 as determined by 95 percent confidence intervals 
of the proportion of the refitting group compared to the proportion of the complete assemblage. The 
arrows indicate whether they are significantly over or underrepresented. 
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Figure 4.10 Distribution of technological categories by site and by density group for the second two sites 
in the analysis.  

 

 La Folie Villiers Adam 

High Medium Low High Medium Low 

Cortical flake    ↑ ↑ ↓ 

Partially cortical flake       

Naturally backed flake       

Maintenance flake      ↓ 

Débordant flake       

Debris   ↓ ↑ ↓ ↓ 

Flake    ↓ ↑ ↑ 

Blade    ↓   

Levallois flake    ↓   

Pseudo-Levallois point       

Nodule    ↓  ↑ 

Core    ↓  ↑ 

Tool ↓  ↑   ↑ 

Table 4.10 Significant values associated with figure 4.9 as determined by 95 percent confidence intervals 
of the proportion of the refitting group compared to the proportion of the complete assemblage. The 
arrows indicate whether they are significantly over or underrepresented. 

 

4.4 Conclusions 

 This initial overview of the spatial analyses provides a greater understanding of the structure of 

each site. The density histograms and Gini Index show how artifact density variation is distributed within 

and across the sites while the density contour analysis shows us the contents of each density zone. The 
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refitting analysis provides an extra layer of information about site structure, introducing evidence about 

the movement of artifacts. The refitted connections also add a temporal axis, one which provides details 

about how the site was constructed, not only how it was abandoned by its occupants.  

The results indicate a great deal of variability in the artifact distributions. Some artifact types are 

nearly always moved away from the primary knapping area, while others are moved in some sites and 

not in others. The most surprising pattern is the mobility of cores. While we might expect tools and 

Levallois flakes to have been moved into the low density areas to be used in activities involving other 

materials (such as wood, flesh, or bone), cores are not generally thought to be involved in activities 

other than lithic production. The reasons for their independent movement will be explored in chapter 6. 

 
Le Prissé La Folie Bettencourt Fresnoy 

 
All Refit All Refit All Refit All Refit 

Cortical flake 5% 6% 1% 3% 23% 31% 2% 2% 

Partially cortical flake 24% 23% 13% 23% — — 36% 52% 

Naturally backed flake 5% 4% 10% 19% — — ― ― 

Maintenance flake 8% 5% — — 12% 18% 0% 1% 

Débordant flake 8% 8% 8% 13% 1% 2% 1% 4% 

Debris 10% 12% 39% 1% 21% 1% 34% 7% 

Flake 15% 16% 15% 15% 28% 15% 15% 10% 

Blade — ― ― ― 6% 10% 2% 4% 

Levallois flake — — 6% 13% 4% 10% 3% 6% 

Pseudo-Levallois point 10% 12% 2% 4% ― ― 0% 0% 

Nodule 3% 4% — — ― ― 1% ― 

Core 7% 8% 2% 6% 3% 10% 4% 14% 

Tool 3% 2% 4% 4% 1% 3% 1% 0% 

Table 4.8 Percent of the assemblage involved in a refit, by technological category, for four of the sites 
included in this study. 

 

 Each analysis covered in this chapter has strengths and weaknesses that should be considered 

when interpreting the results. However, many of the weaknesses of one analysis are the strengths of 

another. Because only a minority of lithic artifacts can refitted, refitting analyses will always represent 

only a subset of the assemblage. The density contour analysis, on the other hand, involves the entire 
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assemblage. Table 4.8 shows how the proportion of each technological category for the refitting analysis 

compares with the proportions for the assemblage as a whole (the basis for the density contour 

analysis) for the four sites where we have compatible representations of both datasets. The breakdown 

by technological category for the refitted pieces at Le Prissé are similar to the proportions for the 

assemblage as a whole, give or take a percentage point or two. The refitted subset of the assemblage at 

the other sites does not reflect the composition of the entire assemblage as closely. However, this is 

mainly because the “debris” category is very poorly represented among the refitted pieces. As was 

explained earlier, this category is very difficult to refit because the pieces are very small, shattered 

and/or unidentifiable.  

On the other hand, the refitting analysis is more directly comparable between sites because the 

same measurements were used to define each refitting group. The density contour had to be tailored to 

each site because a dense cluster at one site may represent the low density background at another. This 

study compares relative high, medium, and low density areas within sites but uses different density 

thresholds at each of the sites. Consequently the refitting analysis affords a particularly clear view of 

site-level processes not only because it can be used to compare between sites, but because we know, 

without a doubt, that each lithic in a refitting group was once part of a single object. Refitting presents a 

degree of certainty that other analyses do not, even when taking into consideration post-depositional 

processes.  

In the following chapters, I will consider the results of these three analytical strategies in greater 

detail, first from a site-specific perspective and then from the perspective of each technological 

category. In the next chapter, I will explore how the patterns are expressed at each particular site and 

how they may have been impacted by individual site characteristics, such as location on the landscape, 

post-depositional disturbances, and site function. In chapter 6 I will examine the technological 
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categories to explore whether there are universal trends throughout the sites, or whether variation can 

be linked to the unique circumstances of site function or history. Finally, in chapter 7 I will coordinate all 

of these results to address one of the most enduring questions in hunter-gatherer archaeology, duration 

and number of occupations.  
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CHAPTER 5 

SITE BY SITE RESULTS 

 The results presented in the previous chapter show some interesting patterns and potential 

trends, but they are difficult to interpret without understanding the idiosyncratic spatial structure of 

each site in the study. In this chapter I examine the spatial patterning of each site. By looking at each site 

individually I can better interpret the overall results and identify commonalities and differences 

between sites. Only after the results are examined in this manner will it be possible to identify which 

patterns are simply the results of the idiosyncrasies of individual sites verses patterns that are expressed 

in multiple sites and therefore reflective of replicated structure in Neanderthal sites. The sites are 

presented by geographic region, as in chapter 34. 

 

5.1 Le Prissé à Bayonne           

 The spatial structure of the artifact distributions from level PM1 at Le Prissé à Bayonne consists 

of one large and one smaller concentration of knapping debris. These concentrations are visible in the 

refitting map (figure 5.1) as two “star” patterns, and also as dark blue (high density) areas on the density 

map (figure 5.2). An area of mid-level artifact density encircles the concentrations, while the remainder 

of the site is made up of a low density scatter of material. A significant part of the site’s area is made up 

of this low density scatter, which extends quite far to the southwest. Plotted lithics occur up to 52 m 

from the central cluster. It is uncertain whether these artifacts relate to the same occupation as the two 

main clusters.   

                                                 
4
 Throughout this dissertation, please refer to appendix A for a table with brief site descriptions in order to 

facilitate comparison. 
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Figure 5.1 Site map with lithic pieces (black dots) and lithic refits (red lines) for Le Prissé. Grid is in 
meters. 
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Figure 5.2 Contour lines and density map for Le Prissé. Darker blue indicates higher density. The red line 
delimits the low to medium density areas, while the yellow line delimits medium to high density. Grid is 
in meters. 

 

This pattern of several dense clusters within a larger low density scatter is displayed clearly in the 

density distribution histogram (figure 5.3). A few squares have high artifact densities, but the vast 

majority of squares contain very few artifacts. The densest square contains 66 lithics, so the site, even at 

its most dense, has relatively sparse distributions of artifacts in comparison to some of the other sites. 

By comparison, the densest squares at other sites reached values of 189 at La Folie, 225 at Bettencourt, 

and 443 at Cantalouette.  
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Figure 5.3 Artifact density histogram for Le Prissé. 

 

5.1.1 Refitting analysis 

 A total of 171 lithics, or 19.7 percent of the assemblage, from Le Prissé were refitted. The 

highest number of lithics in a refitting set was eight. While the refitting for all other sites were done by 

INRAP researchers, I conducted the refitting for Le Prissé. Le Prissé is dominated by discoidal reduction, 

which made refitting particularly challenging, but also quite rewarding. The particular challenge of 

refitting lithics produced using the discoidal technique arises from the refittable pieces conjoining a 

platform surface to a ventral surface, instead of dorsal surface to ventral surface (see figure 5.4), which 

is more often the case for Levallois or prismatic reduction strategies. The refitting analysis took 

approximately one month. 
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Figure 5.4 Refits at Le Prissé. The upper image is refit number 27 and is comprised of eight pieces, and 
the lower image is refit number 46 and is made up of six pieces. The scale in the lower right is 1 cm2.  

 

 The refits are concentrated in the northern part of the site, where we find two major star 

patterns, one more diffuse and the other more concentrated. These two refitting clusters do not have 

any direct refits connecting them, though connections do exist at their peripheries. This pattern is in 

contrast to La Folie, which has many connections between its two clusters of refits. The refit clusters at 
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Le Prissé and La Folie are both about five meters apart. Therefore, in some ways, the spatial patterning 

of the two sites seems very similar, yet Le Prissé lacks the repeated connections between clusters. This 

could mean that the two clusters at Le Prissé were not contemporaneous, or at least not actively used 

simultaneously as must have been the case at La Folie. The two clusters at Le Prissé may still have 

resulted from the same occupation, but were the result of more segregated events, either due to 

behavior or time.  

At Le Prissé, 51 percent of the refitted lithics are in refitting group 1, 26 percent are in group 2, 

and 22 percent are in group 3. Group 3 makes up a relatively high percentage of the assemblage 

compared to the other sites. This means that more lithics traveled greater distances relative to other 

sites. Inter-site comparisons will be presented in greater detail in chapter 7. 

 

Figure 5.5 Distribution of technological categories by refitting groups at Le Prissé. Stars indicate 
significant values, as determined by confidence intervals. 
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 Both fully cortical and partially cortical flakes at Le Prissé exhibit overrepresentation in group 1 

and underrepresentation in group 2. This indicates that, for the most part, cortical flakes remained with 

the knapping debris instead of being moved elsewhere, but this pattern is not statistically significant. 

Naturally backed flakes, on the other hand, are found in significantly5 lower proportions in refitting 

group 1, which suggests that they were often picked up and moved after being knapped. Débordant 

flakes are also significantly underrepresented in group 1. Pseudo-Levallois points are well represented in 

group 3, suggesting that they were moved along with débordant and naturally backed flakes, but this 

result is not statistically significant.  

At Le Prissé 21 pieces of debris were refitted eighteen of which remained in group 1. Their 

overabundance in group 1 and under abundance in groups 2 and 3 are statistically significant. The 

pattern for flakes is not strong enough to be significant, but they are found in higher than expected 

proportions in group 2 and in somewhat lower than expected proportions in groups 1 and 3. Nearly all 

nodules stayed in group 1 (only one of six was found in group 2 and none in group 3). The 

overrepresentation of nodules in group 1 is statistically significant. Cores are more strongly associated 

with group 2. Retouched pieces are found in higher than expected proportions in group 3 and in lower 

than expected proportions in group 1 (however, the sample size was only 4 and the results do not 

achieve significance).  

 

5.1.2 Density contour analysis 

 Le Prissé is a relatively low density site with two obvious concentrations of material. The density 

contour analysis identifies two comparatively high density zones of material surrounded by medium 

density areas (figure 5.2). A few other isolated clusters of medium density are found nearby. In some 

                                                 
5
 In this chapter, the terms “significant(ly)” always refers to statistical significance. 
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ways, the patterns found for the contour density groups are consistent with those found for the refitting 

groups, but there are some notable differences. In the refitting study the over representation of flakes in 

group 2 was not found to be significant, but here flakes are found in significantly higher proportions in 

the medium density zones. Naturally backed flakes are found in higher than expected proportions in the 

low density areas and lower than expected in the medium and high density areas, although the pattern 

is not statistically significant. Debris, interestingly, are found in higher proportions than expected in the 

low density area, but this could just be sample bias since it is not significant. Alternatively, lithic debris 

could have been displaced through post-depositional sheet wash, which would have preferentially 

moved the smaller pieces. Partially cortical flakes are found in significantly lower proportions in the low 

density areas, and higher proportions in the high density areas, a pattern that likely indicates that 

partially cortical flakes were usually left as knapping debris at Le Prissé. Cores are found in significantly 

higher than expected proportions in the low density areas, indicating that they had their own trajectory 

of movement that was not tied to reduction debris.  

The most robust pattern at Le Prissé is exhibited by the retouched and shaped pieces. 

Retouched tools are found in significantly lower than expected proportions in the high density zones and 

higher than expected proportions in the low density zones. Bifaces and cleavers achieve significance for 

all three density zones; they are found in lower than expected proportions for the high and medium 

density zones, and in higher than expected proportions for the low density zones. Bifaces and cleavers 

are present in relatively high numbers at Le Prissé (n = 14), and twelve of them are found in the low 

density areas. This pattern reinforces the proposal made in chapter 4 that low density zones were likely 

important centers of other behaviors, the debris of which long ago disappeared, leaving only the lithic 

tools behind.  
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Figure 5.6 Distribution of technological categories by density group at Le Prissé. Stars indicate significant 
values, as determined by confidence intervals. 

 

The high density contour areas delimit two concentrations of what appears to be mainly 

knapping debris. Many of the lithics found in these areas were discarded where they were knapped and 

presumably not selected for use. In order to explore this possibility further, I calculated the percentage 

of the three refitting groups that are found in the high density areas. If the high density areas are indeed 

knapping zones, than we would expect them to be largely made up of lithics from refitting group 1 and, 

to a lesser extent, refitting group 2. The expected pattern holds: 62 percent of the lithics from the high 

density area are from refitting group 1, 27 percent are from group 2, and 11 percent are from group 3. 

The fact that the majority of refits come from group 1 is consistent with the idea that these 

concentrations were the result of knapping events. Because the high density concentrations are 3.5 m 
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and 7.5 m in diameter and therefore much larger than the diameter of refitting groups 1 or 2, it is 

unsurprising that 27 percent of the refitted lithics in these concentrations are found to be in refitting 

group 2. These high density zones were the result of many overlapping knapping events, as well as other 

activities. Whether these concentrations were produced by multiple knappers working simultaneously 

(even the smaller concentration—with a diameter of 3.5 m—is large enough to fit multiple knappers), or 

are the result of knapping events separated by some unknown span of time is not clear.  

As is the case for the vast majority of Paleolithic sites in France, knappable stone was easy to 

obtain at Le Prissé and conservation of raw materials was not a major concern. The site is close to 

sources of eight different types of lithic materials (Redondo 2011), either from the nearby Ardour and 

Nive Rivers or from primary outcrops. Much of the lithic material used at the site was in the form of 

tabular nodules that were procured from primary sources located about 2 km away, a short walk, but 

one that required descending the plateau, walking through a marsh, and hiking up a hill on the other 

side (David Colonge, personal communication; 2014).   

The area around Bayonne was heavily utilized by Paleolithic peoples. The confluence of the two 

rivers and the nearby Atlantic Ocean (during interglacial periods) made the area ecologically diverse 

with many different habitats to exploit. The Middle Paleolithic type site for the region, Basté, is located 

just a few hundred meters away, in the same commune (Saint-Pierre d’Irube). Basté is a large open air 

site with many different components, including Middle Paleolithic and several layers of Upper Paleolithic 

(Chauchat and Thibault 1968). Because the area was so heavily utilized during the Paleolithic, Le Prissé 

can be expected to have a certain amount of “background noise” in its lithic collection. In other words, 

the site area could potentially contain lithics that were discarded in passing and are not associated with 

the knapping events that dominate the lithic collection. De Loecker (2004) describes this situation for 

the Maastricht-Belevédère sites. Most conspicuous are the 14 handaxes and cleavers found at the site, a 
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large number for such a small debitage count (n = 870). Furthermore, twelve of the bifaces and cleavers 

are found in the low density scatter and are not directly associated with the knapping areas. It is 

important to recall that Le Prissé has a very large site area (1075 m2 is a conservative estimate). One 

cleaver, for example, was located approximately 30 m away from the nearest high density area. Another 

cleaver was found about 18 meters away while the rest are within 10 m or so, still within the low density 

areas. It is likely that some of these large shaped tools were discarded at the same time as the knapping 

debris, particularly those closest to the high density zones. None of the bifaces are involved in a refit, 

but that is hardly conclusive since it is notoriously difficult to make refits on bifaces or any other 

extensively shaped tools. Furthermore, the tool need not have been manufactured at the site to be 

associated with the primary occupation; it simply had to have been brought to the site during that time.   

There are 24 bifacial shaping flakes at Le Prissé. Of these, 19 are considered to be “certain”, 

meaning that they possess all of the features that distinguish bifacial shaping flakes, and five of these 

are considered “possible” that indicates that they possess some, but not all of the features defining this 

class of artifact. Figure 5.7 shows the spatial distribution of these flakes along with the bifaces and 

cleavers. Most of the bifacial shaping flakes are clustered near the main knapping areas of the site, but 

four are found some distance away. Two of these flakes are located near a cleaver, and the other two 

are located in the extreme southwest area of the site. This suggests that there could have been some 

bifacial shaping activities located in the low density parts of the site, up to 50 m away from the central 

area. It seems possible, even likely, that these activities may have been associated with a different 

occupation than the primary occupation studied here. A certain number of the bifaces and cleavers may 

be associated with the primary occupation, however, and could have been crafted on site. This 

conclusion is supported by the association of some bifacial shaping flakes within the medium and high 

density areas, and by the presence of a biface blank in the northernmost corner of the high density 

areas.  
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Figure 5.7 Spatial distribution of bifaces, cleavers, and bifacial shaping flakes at Le Prissé. The density 
map and spatial location (small black dots) for all artifacts and contour lines are included in order to 
convey the relationship between bifaces and cleavers and the general spatial structure of the site. Note 
that a biface blank, located in the northern high density area, is included in this map, but not in the 
count of completed bifaces and cleavers. 

 

 Overall, it can be said that Le Prissé is situated in a heavily utilized area, and the main debris was 

likely the result of one or more short term occupations “superimposed” on background debris. The later 

material may have resulted from other, very brief, visits to the site or, perhaps, longer occupations 

during which lithics were repositioned in the same way as in layer PM2.  
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5.2 La Doline de Cantalouette II 

 Cantalouette is one of two lithic quarry/workshop sites included in this. Like Bossuet, the other 

such site, it is located within a concavity in the topography that likely served as an artifact trap, and 

accordingly contains a very dense concentration of artifacts. This is not to say that post-depositional 

displacement of artifacts makes spatial studies unwarranted. However, we do need to keep this 

topographic position in mind when interpreting the spatial distributions. Both Cantalouette and Bossuet 

were loci of raw material extraction and artifact production, which explains their extraordinarily high 

artifact densities. In addition, the definition of the edges of these sites must be taken with some degree 

of caution. When artifact counts are high it is not always feasible to continue to extend the excavation 

until no artifacts are found. In the case of Cantalouette, for example, there may be no real end in 

artifacts within the areas excavated. As explained in chapter 3, La Doline de Cantalouette II is just one of 

a series of sites all excavated under the name “Cantalouette”. In addition to this site complex, many 

other similar raw material extraction sites have been excavated from the Bergerac region, spanning all 

Paleolithic periods. In some ways, however, the abrupt and arbitrary end to the distribution at 

Cantalouette is more similar to most other Paleolithic sites than to the majority of sites studied here. 

Caves and rockshelters, for example, are also “traps” for cultural material with abrupt “edges” imposed 

by their walls. Spatial distributions in other sorts of Paleolithic sites also have abrupt site edges either 

due to limits on the extent of excavation strategy or to changes in preservation conditions. 

Consequently, Cantalouette is particularly important as we examine the range of variation in site 

structure, and what conclusions we may be able to draw from each particular case.  
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Figure 5.8 Site map of Cantalouette with piece plotted artifacts (grey dots) and refitted lithics (red lines). 
The tan shaded areas were regions most affected by the doline and were left unexcavated. Grid is in 
meters. 
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Figure 5.9 Density map and contours for Cantalouette. The darker the blue, the higher the density. The 
yellow contour delimits high to medium density, and the red contour delimits medium to low density.  

 

Figure 5.8 displays all plotted artifacts from the Mousterian level at Cantalouette with the 

refitting lines superimposed. The tan patches represent the areas most affected by the doline and were 

not excavated. The edges of the distribution are determined either by excavated area or by erosional 

processes and not by human behavior. The connecting refitting lines show that, in general, the mapped 

distribution is a single unit and segregated areas are not apparent. A common pattern is a cluster of 
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short lines with longer lines connecting to another part of the site. This seems to indicate that while this 

is a raw material extraction site, a higher diversity of activities were performed than simply knapping 

blanks or shaping cores to be exported. Figure 5.9 presents the density map and contour lines for 

Cantalouette. The largest high density zone occupies the site’s center, within an area of about 9 m2 and 

a density of 201.9 lithics/m2. To the east lies a smaller, more concentrated high density zone with an 

area of 1.76 m2 and a density of 315.9 lithics/m2. To the north are two other patches of high density and 

surrounding all of these are large zones of medium density with low density zones on the periphery. The 

two major high density zones are separated from each other by a low density area, but this could be due 

to post-depositional processes relating to the doline.  

Figure 5.10 Density distribution histogram for artifacts at Cantalouette. 

 

 As is also the case for Bossuet, the density distribution histogram for Cantalouette does not 

resemble those from most other sites in this study. It has a very long, right hand tail, demonstrating that 
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there are many squares with high densities of lithics. The maximum number of lithics in any one square 

is 443. Correspondingly, there are few low density squares; there are only 13 squares containing one 

artifact.  

 

5.2.1 Refitting analysis 

About ten percent of the Cantalouette lithic assemblage has been refit. Figure 5.11 is a 

histogram showing the shape of the distances between refits. The longest refit distance is 13.4 m and 

the average is 1.6 m.  Most (77 percent) of the refits are within 1 m of each other, 14 percent are 

between 1 and 3 m of each other, and 9 percent are further than 3 m from each other. Compared with 

the other sites, a higher percentage of refits occur within a 1 m diameter, unsurprising for a raw 

material extraction site. While certain lithics were certainly utilized at the site, or at least knapped and 

moved some meters from where they were made, many others were crafted with intent of exportation. 

In many instances all that remains is debris left in the knapping area, corresponding to refitting group 1.  

Figure 5.11 Histogram of refitting distances for all refitted pieces at Cantalouette.  
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 Cantalouette does not have the very long refitting distances that are found at other sites in this 

study, though this could be explained by a smaller site area. However, the longest refit, 13 m is still a 

considerable distance and the fact that nine percent of the refitted assemblage was moved more than 3 

m indicates that the site was not simply a location where lithics were knapped and items removed off-

site. It was also a place where other activities were carried out. Cores were reduced in situ and while a 

certain number of the flakes removed were likely exported away from the site, others were used at the 

site. Bourguignon and colleagues (2008) also note a surprising number of broken pieces where the two 

parts were found at opposite ends of the site. This suggests that the pieces were intentionally broken 

and then used.  

 The breakdown by technological category also supports the conclusion that while Cantaloutte 

was certainly a lithic provisioning site, people spent a certain amount of time at the site and diverse 

activities were performed. Figure 5.12 shows the breakdown of the technological categories by refitting 

group. Cortical flakes, both fully and partially, as well as débordant flakes, debris, Levallois flakes, 

pseudo-Levallois points, and tools are all overrepresented in group 1, although none of these results are 

significant. Maintenance flakes are underrepresented in group 1 but are found in higher than expected 

proportions in group 2.  

Nodules and cores exhibit the strongest patterns for the refitting analysis at Cantalouette. 

Though not statistically significant, nodules are heavily underrepresented in group 1 and 

overrepresented in groups 2 and 3. The overrepresentation of cores in group 1 is the only statistically 

significant result from the entire analysis. They are overrepresented in groups 2 and 3. This reinforces 

patterns found at other sites where cores were moved independently and are not associated with other 

lithic types or patches of high density.  



115 
 

 

Figure 5.12 Distribution of technological categories by refitting groups at Cantalouette. The star 
indicates a significant value, as determined by confidence intervals.  

 

 The high density accumulations at Cantalouette indicate that a plentiful deposit of high quality 

raw material was particularly attractive for Middle Paleolithic groups. Moreover, the refitting study 

shows that these groups did not pause merely to knap a few cores and depart with their shaped cores 

and blanks. Knappers and other residents stayed at the location, moving artifacts around the site in a 

similar way to other sites.  

 

5.2.2 Density contour analysis 

 Because Cantoulette has a very large assemblage, technological categories were not recorded 

for every artifact. Instead, lithics were sorted into large batches of technological categories, such as 

débordant flakes and cortical flakes, and counted. As a result, the density contour analysis is not as 

effective as in other sites. In addition, the high artifact density of Cantalouette made isolating low, 
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medium, and high density areas more difficult. The analysis was nonetheless performed and used where 

applicable. In particular, the density map with the division between density groups is helpful for 

understanding the distribution of artifact densities throughout the site (figure 5.9). Unlike at other sites, 

the differences between the low, medium, and high density areas are not stark. The low density areas 

account for 30 percent of the total artifacts, 50 percent are within the high density areas, and 20 

percent are within the high density areas. The densities of the zones are quite distinguishable, however; 

the high density zone has 223.5 lithics/m2, the medium density zone has 104.1 lithics/m2 and the low 

density zone has 23.7 lithics/m2. It is interesting to note that even the density of artifacts in the low 

density zone at Cantalouette is more than three times as high as the total artifact density for every other 

site except Bossuet.  

 

5.3 Champs de Bossuet 

 Bossuet is very similar to Cantalouette in both function (lithic workshop situated atop a quarry 

site) and spatial distribution patterns. Spatially, these two sites appear to be very different from the 

other sites mostly because of their overall extremely high density. However, the activities of lithic 

reduction performed at all of the sites in this study are essentially the same. In this sense, we could call 

all of these sites “workshops”. I use the term “quarry” simply to distinguish Cantalouette and Bossuet 

because they are located directly on the source of raw material, a source so important that the lithic 

counts for both of these sites is over 15,000. The behavior exhibited at all of the sites were very similar, 

it is just that these sites experienced a higher repetition of these behaviors, leading to a much greater 

accumulation of debris. This repeated use can make the spatial patterning much more difficult to 

discern. However, placing these sites on a relative continuum with the other sites in this analysis makes 

this challenge much more achievable.  
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The distribution of artifacts at Bossuet is extremely dense and its spatial structure traces the 

contours of a paleo-channel. The paleo-channel was the main source of raw material at Bossuet and, 

thus, a good deal of lithic knapping occurred in the channel itself (Bourguignon et al. 2000). In addition, 

the paleo-channel functioned as a trap for adjacent cultural material. The archaeological layer extended 

much further than is included in this analysis, particularly to the north, but these areas were heavily 

impacted by agricultural practices and, therefore, the material was collected by quarter-square meters 

(.25 m2). In particular, some pieces from one cluster of artifacts, about 15 m to the north, refit with the 

main distribution. Although it is important to remember that these long distance refits exist, and that 

the site is indeed much larger than what is reflected in this analysis, these outlying locations were not 

included since the data collection methods differed. The southern part of the site, which is the area 

included in this study, was less impacted by ploughing because it was more deeply buried due to infilling 

of the paleo-channel. The refitting and density contour analysis can help evaluate whether or not the 

spatial structure has been compromised.  

In general, this site appears to be very similar to Cantalouette in that it is very dense and the 

boundaries are more an effect of topography, geological processes, and excavation procedures than the 

gradual fall-off of artifacts that we see at other open air sites (rockshelters also exhibit abrupt edges). 

This spatial distribution is evident from the density contour map (figure 5.14). The site shows very high 

artifact density throughout, particularly within a linear series of high concentrations with some decrease 

in density along the margins.  
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Figure 5.13 Site map of Bossuet, indicating the lithics (in black) and refitting lines (in blue). Grid is in 
meter squares. 
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Figure 5.14 Contour lines and density map for Bossuet. Darker blue indicates higher density. The red line 
delimits the low to medium density areas, while the yellow line delimits medium to high density. Grid is 
in meters. 
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The density distribution histogram also shows clearly that the density of artifacts is comparatively high 

throughout the site. Although it has the classic shape of other density histograms, its left-hand peak is 

low and its tail is particularly long, indicating that there are quite a few squares with high artifact density 

and relatively few containing one (16 squares) or two (9 squares) artifacts.  

Figure 5.15 Density histogram for Champs de Bossuet. 

 

5.3.1 Refitting analysis 

 INRAP researchers conducted the refitting analysis of Bossuet. A total of 904 lithics were 

involved in a refit, or 5.3 percent of the assemblage (total artifacts in this dataset n = 16,966). Refitting 

very large sites is logistically difficult. In order to do a refitting analysis, one must be able to lay out all of 

the lithics. If the refitting is done in batches, focusing only on certain parts of the site, the results would 

be biased towards shorter distance refits. Bossuet is not biased in that way. Numerous refits cover 
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extremely long distances. The greatest distance between two refitting artifacts at Bossuet is 39.7 m, 

which is the longest distance refit for all sites (see figure 5.16).  

Figure 5.16 Histogram of refit distances for all refitted pieces at Bossuet. 

 

In examining the refitting map, however, it is clear that many of the refit lines follow the direction of the 

paleo-channel. That would suggest that gravity, not solely human activity, played a part in these 

movements. Nevertheless, one can get a better idea if these movements are human or nature derived 

by looking at the different artifact types that were moved.  
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Figure 5.17 Distribution of technological categories by refitting groups at Bossuet. Stars indicate 
significant values, as determined by confidence intervals. 

 

Figure 5.17 shows the distribution of technological categories across the three refitting groups. 

The only category to show significant values is maintenance flakes, which are found in higher than 

expected proportions in group 1 and lower than expected proportions in group 3. This is understandable 

since these include core shaping and associated flakes that may often be left as debris. Although not 

statistically significant, partially cortical flakes also were disproportionately found near to where they 

were knapped. Fully cortical flakes, however, do not follow this pattern and are found in higher than 

expected proportions in group 3, as are naturally backed flakes, regular flakes, and pseudo-Levallois 

points. The proportion of débordant flakes is very high in group 2 and lower than expected for group 1, 

which is similar to Le Prissé where débordant flakes were moved from where they were knapped.  

Tools are distributed in a similar manner to other sites. They are slightly underrepresented in 

both groups 1 and 2, but slightly overrepresented in group 3. Cores do not show a strong pattern. They 
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are slightly overrepresented in group 1 and slightly underrepresented in group 3. Sample sizes are large 

for both of these technological categories (cores n = 77, tools n = 47) but the patterns are simply not 

strong enough to achieve significance. Three of six sites included in the refitting analysis had statistically 

significant values for the movement of tools away from the knapping area. Therefore, Bossuet was not 

the only site that did not display statistically significant results for tools. It cannot be determined 

whether this was the result of post-depositional processes or human behavior. However, in general, 

Bossuet had fewer statistically significant results for the refitting analysis than any other site except 

Cantalouette, suggesting that the formation of workshop sites as well as post-depositional processes 

may have played a part.  

 As at Le Prissé, the discoid technique is the dominant lithic reduction strategy at Bossuet. 

Therefore, these two sites make an interesting contrast. Naturally backed flakes and pseudo-Levallois 

points are distributed in similar ways at the two sites, which is interesting because these patterns are 

not replicated at other sites. Naturally backed flakes are more common is areas removed from where 

they were knapped, as are pseudo-Levallois points. Pseudo-Levallois points are a characteristic debitage 

type from discoidal reduction and although naturally backed flakes can be produced in many different 

reduction systems, they will have slightly different characteristics for each system. These two lithic types 

have similar morphologies since débordant flakes are also naturally backed, with flake scars instead of 

cortex, and therefore may have been selected for similar functional characteristics. It seems that at 

these two sites, the only two that are dominated by discoidal reduction, both pseudo-Levallois points 

and naturally backed flakes were selected from among the other debitage types to be used elsewhere in 

the site.  
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5.3.2 Density contour analysis 

 Bossuet, like Cantalouette, the other workshop locality, has a very large lithic assemblage. As a 

consequence, technological attributes were not collected for each plotted artifact. Technological 

information was recorded for every artifact involved in a refit and other targeted types (such as 

retouched tools). An additional obstacle to this analysis is that Bossuet has a uniformly high density so 

separation between the three density groups was a great deal more subjective than at the other sites 

(figure 5.14). The density contour analysis was nevertheless undertaken for Bossuet. However, I used 

the same technique as for other sites, that is, looking for breaks in the contour lines, changes from close 

spacing to wide spacing, for example, to indicate a change in the density of points. This resulted in 42 

percent of the assemblage being assigned to the high density group, 49 percent to the medium density 

group, and only 9 percent to the low density group.  

To gain a greater understanding of the contents of these density groups, we can examine how 

the refitting groups are distributed among them (table 5.1). If we follow the patterns seen for other 

sites, there should be a higher percentage of refitting group 1 in the high density group, and a higher 

percentage of refitting group 3 in the low density group. This pattern holds at Bossuet. Refitting group 3 

is found in greater-than-expected proportions in the medium and low density groups. Conversely, 

refitting group 1 is found in higher proportions in the high density group, but lower proportions in the 

medium and low density groups. Therefore, although the density contour analysis cannot be as detailed 

for Bossuet as it is for other sites, this table still shows that the organization of refitting groups within 

density groups follows the patterns seen at other sites in a rough sense.   
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 High Density Group Medium Density Group Low Density Group 

Refitting Group 1  56% 38% 6% 

Refitting Group 2 48% 47% 5% 

Refitting Group 3 37% 51% 12% 

TOTAL 49% 44% 7% 

Table 5.1 Distribution of refitting groups by density groups at Bossuet.  

5.4 La Folie 

La Folie is the smallest open air site in the study sample. In essence, the spatial patterning of La 

Folie takes the form of two dense clusters of lithics with a low density scatter filling an approximately 

154 m2 area. There are many refits between the two dense clusters, indicating that they were likely 

created simultaneously. La Folie is also the only site preserving features not defined by the distributions 

of stone artifacts. One of the clusters is adjacent to an area that contained burned lithics and stones and 

has been interpreted as a hearth. The excavators found a ring of stones, some of which were associated 

with post holes. Because it is large, approximately 10.5 m in diameter, this feature has been interpreted 

as a wind break rather than a covered structure. Bourguignon et al. (2002, 2006) also identified an 

empty area within the stone ring that could have been a location for sleeping (see figure 5.18).  
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Figure 5.18 Site map of La Folie, including feature found while excavating. Modified from a figure by 
Bourguignon (2010).  

  

 La Folie clearly distinguishes itself from the other sites in this study because of its remarkable 

state of preservation and what appears to be a very good case for a single, short term occupation in the 

Middle Paleolithic. Post holes are rare at early sites and thus are particularly extraordinary for a 

Mousterian site. Moreover, the excavators found evidence for a sort of mat, or bedding, in the form of a 

non-pedogenic organic horizon, which is equally exceptional (Bourguignon 2010). For this study, I 

incorporate La Folie into the analysis in the same manner as I do any other site, but use these additional 

pieces of information to explain trends or patterns that occur in the standard set of analyses. Figure 5.18 
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includes all of the recorded features found while excavating. Figures 5.19 and 5.20 are identical in design 

to the figures for other sites in this study so that direct comparisons can be made more easily.  

 

Figure 5.19 Site map of La Folie, indicating the coordinated lithics (black dots) and refitting connections 
(red lines). The grid is in meters.  
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Figure 5.20 Density map and contours for La Folie. The darker the blue, the higher the density. The 
yellow contour delimits high to medium density, and the red contour delimits medium to low density. 

 

 Figures 5.19 and 5.20 could represent just one small sector of any of the other sites in this 

analysis. The two clusters of artifacts, while connected by many lithic refits, have only a low density 

scatter of artifacts spanning the distance between them. The “filling in” of the areas between 

concentrated clusters of artifacts did not take place at La Folie. This pattern of infilling seems to be a key 

feature of sites occupied for longer periods of time. It can easily be seen at Cantalouette (see figure 5.9). 

Recall that even the low density area at Cantalouette was much higher than the total density for nearly 

all other sites in this study. This indicates that infilling was so extreme that it extended to the former low 

density areas as well. Although the density of the high density zones certainly increase with time, it is 



129 
 

the infilling of the low and medium density zones that is really characteristic of a repeatedly occupied 

site. This characteristic is not present at La Folie.  

 The density distribution histogram from La Folie displays a quick falloff and a right-hand long tail 

with just a few occurrences of very dense squares. There are 27 squares that contain one artifact and 

the densest square contains 189 artifacts. The rapid fall-off of La Folie’s density histogram supports what 

is observed from figure 5.20, that there are two dense clusters, with very low density areas 

elsewhere.

5.21 Artifact density distribution histogram for La Folie. 

 

5.4.1 Refitting analysis 

About 38 percent of the assemblage of La Folie has been refitted, 62.5 percent of artifacts 

greater than 2 cm. La Folie has the highest percentage of refits of any site in this study. This high 
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refitting success rate was aided by the fact that La Folie is also the smallest site in the study in terms of 

area (207 m2) and has the second smallest in artifact count (1,262 lithics). When the refits are placed 

into the refitting groups, 69 percent of refits are within 1 m of each other, 19 percent are between 1 and 

3 m, and eight percent are further than 3 m apart.  

 

Figure 5.22 Distribution of technological categories by refitting groups at La Folie. Stars indicate 
significant values, as determined by confidence intervals.  

 

Figure 5.22 displays the technological category breakdown for the refitting analysis at La Folie. It 

shows that fully cortical flakes may be more common away from where they knapped, usually in 

adjacent areas (group 2), but also further afield (group 3). Partially cortical flakes, however, are found in 

significantly higher proportions than expected in group 1, and lower than expected proportions in 

groups 2 and 3. Débordant flakes were moved away from group 1 but only to group 2, as they are also 

found in lower than expected proportions in group 3. Only four pieces of debris were refitted and all are 

found in group 1, a value that is statistically significant. Regular flakes were not moved from group 1, 
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appearing in higher proportions within this group, and are found in lower than expected proportions in 

group 3. Levallois flakes have a very weak pattern but exhibit a slight underrepresentation in groups 1 

and 2 and overrepresentation in group 3. There are fewer cores than expected in group 1, but they were 

moved only as far as group 2, as they are also found in lower than expected proportions in group 3. 

Tools were moved away from group 1 and make up a relatively large proportion of group 3. This pattern 

is statistically significant.  

 

5.4.2 Density contour analysis 

 The breakdown between technological types resulting from the density contour analysis 

supports the main findings of the refitting analysis, but at a rougher scale. Cortical flakes follow a similar 

pattern as in the refitting analysis. They are underrepresented in the high and medium density areas but 

overrepresented in the high density areas. Partially cortical flakes make up a larger than expected 

proportion of group 2, which differs from the findings from the refitting analysis. Perhaps the central 

knapping zone for a few of the refit sets occurred in mid-density zones rather than the high density 

zones as one might expect. Flakes are found in slightly higher than expected proportions in the high 

density areas and lower than expected proportions in the low density areas. Levallois flakes are 

underrepresented in the high and, especially medium, density areas and overrepresented in the low 

density areas.  

Cores do not exhibit the pattern found at most other sites. In the density contour analysis for La 

Folie, they are overrepresented in the high density areas and underrepresented in the low density areas. 

These results are not significant. The only two categories that have significant values are debris and 

tools. Debris are found in significantly lower than expected values in the low density zones and higher 

than expected values for the middle and high density zones. This is to be expected and implies that most 
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of the knapping occurred in the high and medium density zones. Tools are found in significantly lower 

than expected proportions in the high density zones and significantly higher than expected proportions 

in the low density zones, which is consistent with what was found in the refitting analysis.  

 

Figure 5.23 Distribution of technological categories by density groups at La Folie. Stars indicate 
significant values, as determined by confidence intervals.  

 

In order to explore whether or not the center of the refitting knapping zones corresponds to the high 

density areas, we can look at the distribution among the two analysis types, as was done for other sites.  

 High Density Group Medium Density Group Low Density Group 

Refitting Group 1  78% 25% 11% 

Refitting Group 2 19% 36% 7% 

Refitting Group 3 3% 39% 82% 

TOTAL 78% 14% 7% 

Table 5.2 Percentages of refitting groups within high, medium, and low contour delimited areas. 
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Table 5.2 shows that, in fact, the distribution of refitting groups among density groups follows 

the expected pattern, which is unsurprising given that the results from the refitting and density contour 

analyses are very similar. Refitting group 1 is strongly associated with the high density areas, whereas 

the low density area is mostly made up of group 3. The closely aligned distribution of these two types of 

analyses can be attributed to the simple site structure of La Folie. There are only two main clusters of 

artifacts, and surrounding artifacts are closely associated with these clusters. This is the result of both 

the apparently short duration of occupation of La Folie and the remarkable depositional conditions. La 

Folie is situated on a flood plain so the site was likely covered with fine sediment not long after it was 

abandoned, excluding the possibility of reoccupation, or the gradual buildup of background lithics on the 

site. Le Prissé is also a small site like La Folie with only two main clusters but it was located on a land 

surface that was likely exposed for a long period of time, where many different artifacts could 

accumulate. The location of Le Prissé, near the confluence of two major rivers, made it an attractive 

locale, and one which was likely visited frequently over the years.   

 

5.5 Bettencourt-Saint-Ouen 

 Bettencourt is located north of Paris, in the loess belt of northern France. Three primary 

archaeological layers were found at the site, all associated with paleosols, but only the layer containing 

the highest number of artifacts, N2b, will be considered in this study. Layer N2b at Bettencourt falls in 

the middle of this study’s density spectrum. It contains 5,729 lithics distributed over an area of 915 m2. 

Bettencourt encompasses three sectors that are divided by channels of erosion. Sector 3 is the densest, 

with the most refits (see figures 5.24 and 5.25). 
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Figure 5.24 Site map of Bettencourt, showing all lithics (black dots) and refit connections (yellow lines). The three sectors are numbered 1, 2, and 

3 from left to right. 
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Figure 5.25 Density map and contours for Bettencourt. The darker the blue, the higher the density. The yellow contour delimits high to medium 

density, and the red contour delimits medium to low density. The three sectors are numbered 1, 2, and 3 from left to right. 
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The distance spanning the high and medium density area in sector 1 is roughly 12 m, the same 

as the distance spanning the two dense clusters at La Folie. However, the space between the two 

clusters at La Folie is filled with a low density scatter of a few artifacts, while the area between the high 

density clusters at Bettencourt is a medium density scatter. This is an example of the infilling between 

artifact concentrations due to repeated or prolonged occupations described earlier in this chapter. One 

thing to keep in mind, however, is the density contour analysis did not require the medium density area 

at one site to be equivalent to the medium density area at any other site. This did not affect this 

comparison to a great degree. The average density for the medium density group at Bettencourt is 96 

lithics per m
2
 while at La Folie it is 89 per m

2
. The difference is that the medium density area at 

Bettencourt encircles the entire area of high density patches within sector 3, while at La Folie the 

medium density areas are tightly constrained circles surrounding the high density zones.  

The density distribution histogram at Bettencourt (see figure 5.26) shows that while there are a 

large number of squares containing just a few artifacts there are also a few very dense squares, with one 

containing 225 pieces. After Cantalouette and Bossuet, Bettencourt represents the densest site in this 

study. In addition, the right-hand tail is fatter than at other sites, only dropping down to a frequency of 

no greater than one after 77 pieces per square.   
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Figure 5.26 Density distribution histogram for Bettencourt.  

 

 The Bettencourt assemblage is the product of two main reduction strategies, Levallois and 

laminar (Locht 2001). Locht noted that the majority of laminar reduction occurred in sector 2. Blades or 

blade fragments make up 2.5 percent of sector 1, 14.2 percent of sector 2, and 3.9 percent of sector 3. 

Sector 2 clearly has a much higher concentration of blades and blade fragments. Figure 5.27 shows a 

density map for the distribution of blades with superimposed refitting lines. The refitting lines depicted 

in this figure do not only include the blades themselves, but all members of the associated refitting 

sequence. This shows that there was a very concentrated production of blades in sector 2, but that 

blades were also produced in sector 3. This distribution of blade production suggests that it was 

certainly a more important component of sector 2 than other sectors, but that blade production was 

also located in sector 3, among other reduction sequences. 
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Figure 5.27 Density map of blades and blade fragments at Bettencourt.  

 

5.5.1 Refitting analysis 

 A total of 782 lithics are involved in refits at Bettencourt, 14 percent of the total assemblage. 

This percentage is close to the average for the sites in this study. For the most part, the lithic refits were 

found only within sectors and not between them. The one exception is a refit between sectors 2 and 3. 

The piece in sector 2 is a core and the refitting piece from sector 3 is a cortical flake. The lack of more 

refits between sectors could have partially been a result of methodological bias, i.e. that refits were only 

sought within sectors, but this was not the case (Locht 2002). Locht and colleagues attempted to find 

refits between sectors because it would prove their contemporaneity. The lack of more refits could 

suggest that perhaps the different sectors were not occupied at the same time; certainly, there is no 

evidence to support an assumption that all sectors of the site were occupied concurrently. The 
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distribution of blades discussed above could support simultaneous occupation of the two major sectors, 

but this evidence is not conclusive. If the sectors were occupied at the same time, the lack of refits 

between them is likely explained by the 3-10 m gap between sectors. This gap essentially eliminates the 

distances at which sizable quantities of refits are found. Only a small fraction of the refits at Bettencourt 

connect lithics located more than 10 m apart. This fall-off in refit distances could therefore have been a 

product of the erosion which eliminated many of the refit distances greater than 10 m.  

At Bettencourt, 58 percent of the refitted assemblage is located within refitting group 1, 31 

percent is in group 2, and 9 percent is in group 3. Of all the sites in this study, Bettencourt has the 

highest percentage of refits assigned to group 2. This means that more lithics were moved 1-3 m at 

Bettencourt, perhaps due to post-depositional disturbances or a longer occupation span. Alternatively, 

the longer distance group (group 3) could have been somewhat truncated due to the division of sectors, 

as was postulated in the above paragraph. 

 

Figure 5.28 Distribution of technological categories by refitting groups at Bettencourt. Stars indicate 

significant values, as determined by confidence intervals.  
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The patterns for the distribution of technological categories among refitting groups at 

Bettencourt are particularly clear. Cortical flakes are found in higher than expected proportions in group 

1 and lower than expected proportions in groups 2 and 3. All three of these results are statistically 

significant. This pattern is the same for maintenance flakes, except the proportion for group 2 is not 

statistically significant. This distribution of cortical and maintenance flakes shows that lithic pieces 

associated with core reduction remained where they had been knapped and were not moved 

elsewhere. Non-cortical flakes, however, display the opposite statistically significant pattern. They are 

underrepresented in group 3 and overrepresented in group 1, indicating that they were moved from 

where they were knapped. The same is true for Levallois flakes, except it is group 2 that has a 

significantly higher proportion (flakes have higher proportions in group 2, and Levallois flakes have 

higher proportions in group 3, but these values are not statistically significant). Cores have significantly 

lower proportions in group 1 and higher than expected values for groups 2 and 3; these latter values are 

not significant. This pattern is consistent with those seen at other sites where cores appear to have been 

moved independently from their knapping debris. Debris, with a sample size of 11, are founded in higher 

proportions in groups 1 and 2 and no pieces were found in group 3; this pattern is not significant.  

Interestingly, tools do not follow the pattern exhibited by non-cortical and Levallois flakes. They 

are found in significantly higher than expected proportions in group 1 and significantly lower than 

expected proportions in group 2. This tool distribution could mean that at Bettencourt, lithic knapping 

took place alongside other activities. In order to investigate this anomaly further, I have included a table 

of the tool types and how they are distributed among the three refitting groups (table 5.3). The 

distribution of tool types does not seem to show a systematic pattern. A diversity of tool types are found 

in group 1, and only a few tools are found in groups 2 and 3. It simply seems that tools were abandoned 

within the same areas that knapping occurred.  
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 Group 1 Group 2 Group 3 

Inverse retouch 1   

Retouched 2   

Simple scraper 3 1 1 

Endscraper  1  

Double notch  1   

Notch 3   

Denticulate 2   

Naturally backed knife 3   

Backed knife   1 

Burin  1   

Table 5.3 Distribution of tool types among refitting groups. 

 

5.5.2 Density contour analysis 

 The density contour analysis for Bettencourt isolated three high density areas in sector 3 and 

one high density area in sector 2. All of these high density concentrations are surrounded by medium 

density areas and there are also two isolated medium density areas, one in sector 2 and another in 

sector 1. Sector 3 is the densest by far and sector 1 mainly consists of a low density scatter. The high 

density concentration in sector 2 is the same that is highlighted in the blade density map (compare 

figures 5.25 and 5.27). The frequency of blades in the high density concentration in sector 2 is the only 

instance in this entire study where I identified true differences between the contents of two high density 

areas. The difference between these high density areas are a result of the reduction systems. The high 

density area in sector 2 is dominated by debris from blade production, while other high density areas 

are associated with flake production. Therefore, these dense concentrations are still associated with the 

same activity, core reduction, but their end products are different.  
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5.29 Distribution of technological categories by density groups at Bettencourt. Stars indicate significant 

values, as determined by confidence intervals.  

 

When the density groups are divided by technological attributions, they give a clearer picture of 

what took place in the low, medium, and high density areas. Debris constitutes 30 percent of the high 

density areas. The high density areas have lower than expected proportions of cortical flakes; 

maintenance flakes; regular flakes; cores and, to a lesser extent, Levallois flakes. All of these 

proportions, except for Levallois flakes, are statistically significant. The medium density areas have lower 

than expected proportions of cortical flakes, maintenance flakes, debris and cores, but have higher than 

expected proportions of débordant flakes, regular flakes, tools and especially, blades whose 

overrepresentation is statistically significant. The low density area contains cortical flakes, maintenance 

flakes, and cores in significantly high proportions. Debris and blades are found in smaller proportions 
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than would be expected.  Debris displays a very strong pattern. This is encouraging because it implies 

that the site was minimally impacted by post-depositional disturbance. Retouched pieces do not show a 

divergence from the expected values. In most of the other sites, tools were exported into the low 

density areas of the site, presumably to be used in other tasks. Here, however, they are utilized 

alongside the knapping debris as we saw in the refitting analysis. Cores are found in higher proportions 

in the low density area, which is a pattern found in other sites and will be explored further in chapter 7.   

 

5.6 Fresnoy-au-Val 

 Fresnoy is one of the larger sites (by area) included in this study and yet still relatively dense 

compared with Villiers Adam which is the largest site but has a very low artifact density. Figure 5.30 

shows the lithic distribution and refitting lines. Note that the grid is in m
2
, so the entirety of La Folie 

could fit into one small part of Fresnoy. There are many dense clusters of artifacts, which are 

accentuated by the large number of refits radiating from them. The site’s large area and the high artifact 

count (4,270) suggest that it likely represents more than one occupation. Some clusters of artifacts were 

so dense at Fresnoy that the excavators chose to give them all the same coordinate, usually the corner 

of the square. This made some of the analyses difficult (particularly the density contour analysis), but it 

was addressed without incurring any large biases (explanation below).  
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Figure 5.30 Site map of Fresnoy, indicating the coordinated lithics (black dots) and refitting connections (blue lines). The grid is in meters.  
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Figure 5.31 Density map and contours for Fresnoy. The darker the blue, the higher the density. The yellow contour delimits high to medium 

density, and the red contour delimits medium to low density. 
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 The density distribution histogram for Fresnoy (figure 5.32) ranges particularly far on the x and y 

axes. It is a very large site; it has many squares that only contain one artifact (223), while its densest 

square contains 183 artifacts. The density falls off very quickly, however. There are three squares 

containing 26 artifacts, but subsequently the frequency does not rise above one.  

Figure 5.32 Artifact density distribution histogram for Fresnoy. 

 

 

5.6.1 Refitting analysis 

 The percentage of refits at Fresnoy is low. A total of 402 lithics are involved in a refit, 9.4 

percent of the assemblage. In all 51 percent of the refitted assemblage falls into group 1, 27 percent in 

group 2, and 22 percent in group 3. This is a relatively low percentage for group 1 (equivalent to Le 

Prissé, but still higher than Bossuet) and the group 3 percentage is relatively high compared to other 

sites in this study.  
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Figure 5.33 Distribution of technological categories by refitting groups at Fresnoy. Stars indicate 

significant values, as determined by confidence intervals.  

 

 When the refitting groups are divided by technological categories at Fresnoy, we see many of 

the same patterns that are found at the other sites. Partially cortical flakes are significantly 

overrepresented in group 1, and significantly underrepresented in group 3. Débordant flakes are found 

in higher proportions in both groups 1 and 3 and significantly lower proportions in group 2. Interestingly, 

debris is found in higher proportions in groups 2 and 3 and lower in group 1, but this pattern is not 

statistically significant. Flakes occur in lower than expected proportions in group 1 and higher than 

expected proportions in group 3, suggesting that they were used away from where they were knapped. 

Blades show a similar, but less pronounced pattern, and are also scarcer than expected for group 2. 

Levallois flakes are overrepresented in group 2, but underrepresented in group 1. Cores are found in 

lower than expected proportions in group 1, and higher than expected in group 3. Only one tool was 

involved in a refit, and it is found in group 1.  
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5.6.2 Density contour analysis 

Special accommodations had to be made for Fresnoy because of the way the data were 

collected, with some of the particularly dense accumulations of debris aggregated into one coordinate 

point. To create the contours, the dataset was “weeded” so that each of these locations was pared 

down to having only three artifacts. This would keep each of these locations “important” in the eyes of 

ArcGIS because it was still a relatively dense location, but it would not create the extreme distortions 

that occur when trying to make a density map with some locations which contain up to 161 artifacts. 

Therefore, the density contours were created without the majority of these objects. After the high, 

medium, and low density areas were created, however, I calculated the densities for each region and 

using these markers, I was able to add each “cluster” (i.e. the aggregated points) into its respective 

density group by calculating the density using an area of 1 m
2
. For example, the 161 artifacts from one 

coordinated point are added to the high density group because its density is higher than 16 artifacts per 

m
2
, which is the lower boundary for the high density group. Even though these areas may, in fact, be 

contained within the medium or low density areas, we can think of them as small isolated high or 

medium density clusters depending on whether they fall above or below the 16 lithics/m
2
 threshold. Of 

the artifacts that were aggregated in this manner, 71 percent were debris. Therefore, the addition of 

these small “clusters” mainly served only to make the association between debris and the high density 

group stronger, as most of these aggregated points fall into the high density category.  
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Figure 5.34 Distribution of technological categories by density groups at Fresnoy. 

 

 The results of the contour density analysis show that debris are indeed associated with the high 

density group and there are fewer than expected in the low density group. This pattern is statistically 

significant for the high and low density groups. Maintenance flakes and débordant flakes are the only 

other categories to be overrepresented in the high density group. The overrepresentation of 

maintenance flakes is statistically significant in this density group. Partially cortical flakes, regular flakes, 

blades, and Levallois flakes are all significantly underrepresented in the high density group. Cortical 

flakes, pseudo-Levallois flakes, and cores are also underrepresented, although these values are not 

significant.  

Flakes are significantly overrepresented in the medium density group. Débordant flakes, 

Levallois flakes and cores are significantly underrepresented in this group. In the low density group, 
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cortical flakes, partially cortical flakes, blades, Levallois flakes, and cores are all significantly 

overrepresented. Débordant flakes, pseudo-Levallois points, nodules, and tools also have elevated 

proportions for the low density group. These patterns are consistent with what we have seen at other 

sites. The fact that debris are so closely linked to the high density areas also supports the idea that the 

site was not subject to serious post-depositional modification.  

 

5.7 Villiers Adam 

 Villiers Adam is the site lowest in artifact density and largest in area in this study. It was 

excavated over an area of 1,928 m
2
 and has an average density of 0.84 lithics/m

2
. Not surprisingly the 

clusters at Villiers Adam are very clear and well-defined (see figure 5.35). Although a refitting study was 

undertaken on this assemblage, relatively few refits were found.  
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Figure 5.35 Site map of Villiers Adam, indicating the coordinated lithics (black dots) and refitting connections (red lines). The grid is in meters.  
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Figure 5.36 Density map and contours for Villiers Adam. The darker the blue, the higher the density. The yellow contour delimits high to medium 

density, and the red contour delimits medium to low density. 
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 The density contour analysis identified three clusters of high artifact density. The density of the 

high density areas is 10.5 lithics/m
2
, which is the lowest for all high density areas in this study. 

Numerous medium density areas were isolated, but the density at these locations would be considered 

low at many other sites. The artifact density for the medium density areas at Villiers Adam is 1.82 

lithics/m
2
. In contrast, the medium density area at Bettencourt has a density of 37.11 lithics/m

2 
and the 

low density area has a density of 2.01 lithics/m
2
.  An interesting phenomenon at Villiers Adam is that 

two of the high density clusters are encircled with only very narrow rings of medium density areas. At all 

other sites, the high density areas are surrounded by relatively large areas of medium density.  

The density distribution histogram shows a rapid fall-off from over 450 squares containing one 

artifact, to just under 150 squares containing two artifacts. Two squares contain 12 artifacts, which is 

the highest square density to have a frequency of more than one. The square with the highest density 

contains 108 artifacts. As a comparison, Cantalouette has three squares containing 120 artifacts, and its 

highest density square contains 443 artifacts.  
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Figure 5.37 Density distribution histogram for Villiers Adam. 

 

5.7.1 Refitting analysis 

Although only 4 percent of the assemblage was refit at Villiers Adam, there are still a few results 

of interest. The longest-distance refit is 14.8 m but the majority of other refit distances are very short 

(see figure 5.38). Even though it is a very small sample, I divided it into refitting groups: 82 percent of 

the refitted assemblage falls into group 1, 13 percent into group 2, and only 5 percent into group 3. This 

division is quite different from the other sites and could be the result of sample bias. However, some of 

the patterning is also likely a reflection of Villiers Adam’s unique site structure, which is low density with 

many very tightly concentrated amas (discrete concentrations of debris) over a large area. Perhaps the 

site was occupied only very briefly on many different occasions. In this scenario some knapping would 
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be done at the site, but most of the desired pieces removed. This contrasts with longer occupations 

during which such pieces become scattered within the site.  

 

Figure 5.38 Refitting distances histogram for Villiers Adam. 

 

5.7.2 Density Contour Analysis 

 The well-defined spatial structure at Villiers Adam makes the division by technological 

categories particularly clear and lacks the noise from overlapping patterns seen at the other sites. Debris 

shows the clearest signal; it is heavily overrepresented in the high density areas and underrepresented 

in the medium and low density areas. All results for debris are statistically significant. Maintenance 

flakes, and to a lesser degree, cortical flakes, are the only other technological categories that are 

overrepresented in the high density areas, though only the value for cortical flakes is statistically 

significant. Flakes, blades, Levallois flakes, nodules, cores, and tools are all significantly 

underrepresented in the high density group.  
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Figure 5.39 Distribution of technological categories among density groups at Villiers Adam.  

 

Cortical flakes are significantly overrepresented in the medium density group but significantly 

underrepresented in the low density group, indicating that when they were exported from the knapping 

area they were moved less than 3 m away. Maintenance flakes are slightly overrepresented in the 

medium density area and significantly underrepresented in the low density area. Débordant flakes and 

pseudo-Levallois points do not achieve statistically significant results for any of the density groups. 

Debris are significantly underrepresented in the low and medium density groups. Flakes are significantly 

overrepresented in both the low and medium density groups. Levallois flakes and blades are less 

common than expected in high density areas Cores, nodules, and tools are underrepresented in the 

medium density group and significantly overrepresented in the low density group. This pattern for cores 
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and tools was found in many sites. In general, Villiers Adam has a coherent signal for many artifact 

classes, likely due to its clear spatial patterning. 

 

5.8 Discussion and synthesis 

 This chapter presented the results of each site independently in order to understand the 

patterns found in the refitting and density contour analyses within the context of each site’s individual 

characteristics, which include topographic location, depositional history, excavation procedures, and site 

structure. The patterns identified through these analyses document the reduction and dispersal of lithic 

artifacts through space in each of these unique contexts. Our perspective is biased by the effects of 

preservation, however. The main activity represented by materials preserved at these sites is lithic 

reduction. Many of the lithics created on site were moved from where they were knapped, presumably 

to be used in another activity whose remains were not preserved. Other lithics used in these activities 

were brought ready-made to the site and were not connected to on-site reduction sequences.  These 

lithics provide hints of other activities and other materials that no longer exist. 

 Nevertheless, lithic reduction does seem to be an important activity in all of these sites. 

Whether the site was situated directly atop a raw material source or several hundred meters away, all of 

these sites can be considered lithic workshops to some degree. All sites were located within easy access 

to high quality raw materials and that, among other factors, likely played a part in the decision to stop at 

the particular location. The main difference between these sites might not be function, i.e. lithic 

quarry/not lithic quarry, but it may lie more with the time spent at any particular location—or the 

number of times it was revisited. Although this idea will be explored more rigorously in îpter 7, this 

chapter has provided enough information that we can begin to organize the sites from lower to higher 

occupation intensity (figure 5.40).  
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Figure 5.40 The sites in this study organized on a continuum from lower to higher occupation intensity. 

 In this figure, occupation intensity is measured not only by the artifact density, but by how 

density is distributed throughout the site. The highest intensity sites are, of course, the two lithic quarry 

sites of Cantalouette and Bossuet. These sites are similar in many ways, but Bossuet has a slightly higher 

artifact count and artifact density. Furthermore, Bossuet has some remarkably long distance refits, one 

that measures nearly 40 m. Cantalouette has a high percentage of refits falling into refitting group 1. 

This makes sense for a lithic workshop, where a high degree of “wasteful” knapping of cores is a priori 

expected and only the absolutely best pieces are taken away. The refits at Bossuet do not follow this 

pattern, perhaps due to post-depositional processes.  

 Bettencourt is situated after the two quarry sites on the occupational intensity continuum. It has 

several very high density clusters, particularly in sector 3. These high density clusters are connected by a 

medium density area that is still quite dense (the artifact densities for the medium and high density 

groups at Bettencourt are 37.11 lithics/m
2
 and 95.90 lithics/m

2
 respectively). The density is more evenly 

distributed than at most of the other sites, meaning that the high and medium density groups take up 

more area than at other sites. The lithic count at Bettencourt is 5,727, the third highest in this dataset. 

Fresnoy is positioned after Bettencourt on the occupation intensity continuum. Fresnoy is a much larger 

site than Bettencourt but its ar�fact count is lower―4,270 lithics―so its density is much less 

concentrated. It is the second largest site in this study, after Villiers Adam. The size of Fresnoy is easily 
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disguised, however, because many of the refits span the entire site giving it the impression of coherency 

that we generally only see for sites smaller in area.  

 If one were simply to rely on overall site density to determine occupation intensity, La Folie 

would fall before Fresnoy on the continuum. However, because the site area and artifact count are so 

much smaller, for this exercise I consider the occupation at La Folie to be less “intense” than Fresnoy. La 

Folie has the clearest spatial patterning of all the sites in this analysis. It has only two clusters of 

artifacts, with a low density scatter of debris surrounding them. Furthermore, it has the remarkably 

preserved post holes and bedding described above. For these reasons, La Folie could also be considered 

to have the lowest occupation intensity in this study, but I have ranked it higher than Le Prissé or Villiers 

Adam because of its higher density. Earlier in the chapter, I contrasted La Folie with Le Prissé because 

these sites both have a well-defined small area containing two artifact clusters where the primary 

occupation clearly took place. Le Prissé, however, has a low density background scatter that introduces 

some noise into the analyses. In addition, the two artifact clusters at Le Prissé do not have many 

connecting refits, as was found between the two clusters at La Folie. Finally, Le Prissé has a much lower 

density than La Folie, even its most dense square only contains 66 artifacts.  

 Villiers Adam is considered to have the lowest occupation intensity compared to the other six 

sites. However, its densest square contains 108 artifacts so it could arguably be considered more intense 

than Le Prissé. In contrast to Fresnoy, the site map for Villiers Adam gives the impression of a very big 

site. This is because it does not have many refitting lines spanning the site like at Fresnoy. In fact, Villiers 

Adam has very few refits at all. Therefore, one could easily segregate Villiers Adam into many sites. It is a 

question here of how we choose to define a “site”. If Villiers Adam had been treated like many research 

excavations (i.e. not as the result of rescue archaeology) in France and elsewhere, it may have been 

excavated at a much smaller scale, and only one component of Villiers Adam would have been 
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considered a site. Nevertheless, it is clear that, like at Le Prissé, the land surface of Villiers Adam and the 

surrounding area was an attractive location for Neanderthal occupation.  

 The organization of the subject sites on the site intensity continuum depicted in figure 5.40 

serves to introduce the idea that duration and number of occupations played a significant role in the 

formation of site structure. These concepts will be explored in a more systematic manner in the 

following two chapters and additional lines of evidence will help to refine and reorganize our 

understanding of these sites relative to one another. For now, however, one should have a clear picture 

of each site in this study: how they vary, what their site structure is, and how the refitting and density 

contour analyses were conditioned by the individual characteristics of each site. Furthermore, we should 

begin to have an understanding of how Neanderthal sites are structured, both in terms of 

commonalities among sites, and the variation that is observed between them.  
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CHAPTER 6  

TRACKING THE MOVEMENT OF ARTIFACT CLASSES ACROSS SPACE 

 In this chapter, I explore how individual classes of artifact are distributed throughout the seven 

sites included in this study and synthesize commonalities and differences among them. There is a good 

deal of variation in how the different lithic classes are arranged, both between the refitting and density 

contour analyses and between sites. The distribution pattern of some lithic classes are consistent for 

both analyses at one site, and sometimes the pattern even extends across several, or all, sites in the 

analyses. Other lithic categories show greater variability, and are inconsistent within sites or between 

them. This could be a function of several factors, depending on the particular artifact category or site 

history. For example, a lithic category such as “pseudo-Levallois point” has a very particular 

technological definition that refers more to its place in the chaîne opératoire rather than its potential 

utility. However, another category, “tool,” is defined by the presence of retouch and not by its place 

within the reduction sequence. These differences will play a large part in the interpretation of the 

results.   

An important assumption for this analysis is that lithic classes that were utilized in some way 

were more likely to be exported to different parts of each site, rather than remaining  close to knapping 

areas. Of course, some objects may have been moved simply to clear work areas. This scenario is less 

likely to have played a major part in artifact movement in an open air site where there is plenty of 

potential workspace and moving one’s work area to avoid lithic debris is easier than moving the debris. 

In fact, concentrations of knapping debris may have been the major obstacles to avoid. Therefore, 

exceptions to this rule are expected but should account for less variation than more purposeful 

movement of things.  
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The two approaches to analysis of artifact movement provide somewhat different perspectives 

on the “movement” of artifacts. Refitted pieces have a physical connection to one another and, thus, 

one can safely say that either anthropogenic or natural processes moved the members of a refitting 

group were away from each other. However, movement of artifacts cannot necessarily be assumed from 

the density contour analysis. In this analysis, movement is implied because the high density areas are 

essentially piles of knapping debris, so it is probable that a high percentage of the knapping that took 

place on site occurred in these locations. Smaller knapping events may have been carried out in the 

medium or low density areas. Alternatively, the artifacts found in these locations may not have been 

manufactured at the site, but imported from elsewhere. Despite these examples of variation, the most 

basic patterns being tracked in this study are the gradual outward movement (what I called centrifugal 

dispersion in chapter 2) of lithics from the high density areas to the medium and low, and from refitting 

group 1 to refitting groups 2 and 3. 

 Variation within and among sites and artifact classes could be the result of the particular 

characteristics and potential roles of the lithic category in question, or it could be related to the site’s 

function(s) or occupation history. The activities performed at the site or the duration of occupation 

could have a large impact on which lithics were utilized and which were not. For example, one could 

hypothesize that the most desirable lithics (i.e. those with the longest cutting edges, for example) would 

be used first, and the less desirable used only after all the best pieces were exploited. Therefore, it 

follows that the longer a site is occupied the more diverse the suite of artifacts being utilized would 

become. For sites that are located very close to raw material sources this assumption might not hold. 

The site’s occupants would continue to use the best pieces first, but they might not need to dip so 

deeply into the non-optimal pile. On the other hand, given that raw materials are easily accessible from 

all of the sites in this study, there may not be significant differences between sites regarding the use of 



163 
 

non-ideal blanks. In many of the sites in the study, the cost of acquiring and reducing a new nodule 

might be less than continuing to use non-ideal lithics.  

It is interesting to examine not only what was moved away from the primary knapping area, but 

what stayed in place. Dense areas at the seven sites contain not only manufacturing debris, but large 

quantities of flakes, blades, and cortical pieces, many of which are suitable to be used as tools. In many 

studies there is a tacit or explicit assumption that humans must have operated in the most efficient 

manner possible (Binford 1979; Bleed 1986; Cole 2009; Kuhn 1994; Torrence 1983). In terms of stone 

tool production, this might mean that they would only knap as much as was needed for the immediate 

task at hand. At the sites discussed here, however, it seems clear that someone sat down and converted 

a substantial part of each core to flakes or blades, with only a small percentage of the artifacts knapped 

being utilized in a task elsewhere. The percentage of the refitted pieces that fall into refitting group 1, 

here more-or-less assumed to be unmoved knapping debris, ranges from 77 percent at Cantalouette to 

47 percent at Bossuet. Therefore, it is safe to say that at least half the knapped assemblage was left in 

place. Furthermore, the lithic pieces that are successfully refit are generally the larger fragments in the 

assemblage, so they also likely reflect the lithics with the most use potential. Depending on the size of 

the site, a large fraction of the total volume of lithics could have been created during one or more brief 

intervals. Therefore, 90 percent of the assemblage could represent 10 percent of the time spent at the 

site or vice versa. This means that proximity to raw material sources or site function could have a much 

greater impact on the number of pieces present at the site than the time spent at the site.  

A hypothetical example can illustrate this point. Imagine that a group stops at a site, and stays 

there for two days. On the first day, one group member reduces a lithic nodule and generates about fifty 

stone fragments greater than 2 cm in length. This takes about a half hour. For the rest of that day and 

the following days, ten of these pieces are selected from the pile of knapping debris, five of which are 
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removed from the site, and five discarded within the site. In addition, two imported lithic pieces are 

discarded. In the end, we are left with forty-seven stone fragments. Forty, or 85 percent of the 

assemblage, are the remains of an activity which occupied only one percent of the time spent at the site 

(one half hour divided by forty-eight hours). Meanwhile, 15 percent of the assemblage represents 

approximately half of the person-hours spent at the site, assuming that half the time was spent sleeping 

or performing tasks that did not require a stone tool. Obviously the time spent on different activities 

could be divided in a multitude of ways; this scenario is meant simply to emphasize how our perception 

of activities and person-hours at these sites may be heavily skewed towards the small windows of time 

devoted to lithic core reduction.  

The above scenario is something that every archaeologist understands but it may be forgotten 

when interpreting specific data sets. It is also less than apparent when studying data from caves and 

rockshelters because the knapping areas do not stand out as starkly. Other activity areas (which could 

be empty areas in open air sites) can be more easily overprinted through successive occupations and 

rendered indistinguishable from each other. However, as the quantity of material increases, so does the 

amount of time represented in the archaeological debris. Furthermore, because cave and rockshelter 

sites are often reused to a greater degree than open air sites, a higher proportion of the knapped 

material may have been recycled or reutilized. All other things being equal, open air sites are also more 

likely to be in close proximity to raw materials than cave and rockshelter sites
6
, and therefore 

conservation of lithic materials might not be necessary.  

In this chapter, I review the results of the refitting and density contour analyses for each 

technological category to show how the distributions vary by site. For the most part, the distribution of 

technological categories in these analyses can be divided into two groups: a complete lack of a 

                                                 
6
 Cave/rockshelter sites are fixed points on the landscape while open air sites can be anywhere, including next to, 

or on top of, a source of raw material.  
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systematic patterning between sites and between analyses or a consistent tendency to remain with or 

be moved away from the pile of knapping debris. This, in turn, can help us identify which technological 

categories might represent only the brief windows of time associated with knapping events, and which 

might represent the many other activities conducted over the course of an occupation. 

 

6.1 Cortical flakes 

 Because cortical flakes are generally removed in the early stages of core reduction, one might 

hypothesize that they would preferentially remain with the knapping debris. Cortical flakes are usually 

not considered to be “preferred” pieces (i.e. not sought after as end products in core reduction). On the 

other hand, cortical flakes are generally larger and more robust than non-cortical flakes, and thus might 

be well suited for some applications. Whether they were used might depend on the specific tasks 

undertaken at any particular site or a host of other factors, such as size of the nodule, the length of time 

a site was occupied, or the function of the site (i.e. lithic quarry or not). For example, a cortical flake 

might not be the first piece chosen from the knapping pile, but the longer the site was occupied, the 

more likely it will be picked up and utilized, particularly if another nodule is not reduced.  
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Figure 6.1 Distribution of cortical and partially cortical flakes by refitting groups for all sites. Note that 

Bettencourt does not have the partially cortical flake category. Stars indicate significant values, as 

determined by confidence intervals. 
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Figure 6.2 Distribution of cortical and partially cortical flakes by density groups for all sites. Note that 

Bettencourt and Villiers Adam do not have the partially cortical flake category. Stars indicate significant 

values, as determined by confidence intervals.  

 

 Comparing these two graphs, the dominant pattern is that cortical flakes tend to remain close to 

the place they were knapped (i.e. in refitting group 1), but are not necessarily always overrepresented in 

high density areas. In theory, refitting group 1 should be roughly analogous to the high density group of 

the contour analysis. This is because, in most cases, the high density areas are dominated by primary 

reduction debris that makes them high in density in the first place. At most sites, cortical flakes are 

overrepresented in refitting group 1, and underrepresented in refitting groups 2 and 3. One exception is 

La Folie where cortical flakes are underrepresented in group 1, but overrepresented in groups 2 and 3. 

However, confidence intervals did not show this pattern to be significant except in the case of partially 

cortical flakes in refitting group 1. At Bettencourt, cortical flakes are significantly overrepresented in 
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group 1, and significantly underrepresented in groups 2 and 3. The values for partially cortical flakes at 

Fresnoy also achieve significance for refitting groups 1 and 3, following the same trend as cortical flakes 

at Bettencourt.  

 The distribution of cortical flakes relative to density contours is more variable. At most of the 

sites, in fact, cortical and partially cortical flakes are underrepresented in the high density areas and 

overrepresented in the low density areas. This pattern seems to contradict what was found in the 

refitting analysis, but perhaps it indicates that there were some small knapping events in the low density 

areas.  This pattern is replicated at Fresnoy for partially cortical flakes (and, also, cortical flakes, though 

the trend is not statistically significant). This disagreement between analyses could also indicate that the 

high density areas do not contain only knapping debris but represent a more diverse set of activities at 

Bettencourt and Fresnoy. The pattern is mixed for the medium and low density groups. This pattern 

likely means that cortical flakes tend to remain near the knapping debris. This association is not strong 

and quite variable and so is not expressed in the density contour analysis, which involves more noise 

than the refitting analysis. 

 Another interesting trend is the contrast between cortical flakes and partially cortical flakes. 

Cortical flakes are at least 90 percent covered with cortex. The “partially cortical flake” category is a 

combination of flakes two separate categories: flakes with greater than 50 percent cortex and flakes 

with less than 50 percent cortex. These two categories (greater and less than 50 percent cortex) were 

initially kept separate, but they showed similar results and were combined to make comparisons 

simpler. A third category in some of the lithic databases was “residual cortex”. Lithics labeled as having 

residual cortex were added to the “flake” category since the amount of cortex was negligible. One would 

expect cortical flakes and partially cortical flakes to follow a similar pattern, with partially cortical flakes 

slightly more likely to be selected from the knapping debris and used elsewhere. However, this was not 
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reflected in these analyses. Both technological categories display the same amount of variability; 

sometimes one or both categories remained with the majority of knapping debris, other times they 

appear to have been moved.  

  What do these patterns say about the use of cortical flakes produced early in the reduction 

sequence at these seven Mousterian sites? The clearest trend is that no one clear relationship obtains 

across sites, or even within the same site. The refitting analysis shows preference for cortical and 

partially cortical flakes to remain close to where they were knapped, but the density contour analysis 

shows that cortical flakes are not always associated with high density areas. It is likely they were used 

opportunistically; picked up when needed but not systematically selected for use or further reduction. 

Another possibility is that the core may have been moved around, with primary shaping occurring in a 

different part of the site than later core reduction. This scenario might leave cortical pieces segregated 

from the group and generate a false appearance of movement. However, in all of the refitting groups, I 

found only a handful of examples of reduction sequences being split in such a manner. Moreover, 

cortical and partially cortical flakes were found preferentially in refitting group 1, which is the best 

indicator of where most knapping occurred.  

 

6.2 Débordant and maintenance flakes 

 Débordant and maintenance flakes are combined here because débordant flakes are simply a 

specific type of maintenance flake. They are generally removed from Levallois cores in order to restore 

an acceptable angle between the platform and removal surface or to obtain an optimal convexity of the 

removal surface. In this way, they serve to “maintain” the core’s shape, which is the same criterion that I 

use to unite other technological categories under the term “maintenance flake”. Maintenance flakes can 
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be produced at any point in the reduction sequence. Some types, including débordants, possess 

potentially useful features such as long, sharp edges and natural backs.  

 
Figure 6.3 Distribution of débordant and maintenance flakes by refitting groups for all sites. Note that La 

Folie does not have the maintenance flake category. Stars indicate significant values, as determined by 

confidence intervals. 
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Figure 6.4 Distribution of débordant and maintenance flakes by density groups for all sites. Note that La 

Folie does not have the maintenance flake category. Stars indicate significant values, as determined by 

confidence intervals.   

 

 The results for débordant and maintenance flakes are mixed, similar to those for cortical and 

partially cortical flakes. Here, we can see that both types were moved on occasion but were most often 

left with knapping debris. In general, it appears that maintenance flakes were more likely to be left with 

knapping debris. But the refitting analysis and density contour analysis show a mixed record for these 

two technological categories. In both analyses, a technological category might be overrepresented in 

one group at one site, but underrepresented in the same group at another site. There is often a 

contradictory signal in either the density or refitting group.  

At Le Prissé, both maintenance flakes and débordant flakes were underrepresented in refitting 

group 1 and overrepresented in groups 2 and 3. This trend is significant for débordant flakes in group 1. 

Maintenance flakes were found in high density areas and débordant flakes were found primarily in 
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medium density areas, and were underrepresented in high and low density areas. These results indicate 

that both maintenance and débordant flakes were sometimes used for tasks at Le Prissé, usually 

adjacent to the knapping areas. Débordant flakes may have been utilized in a wider range of activities.  

Both débordant and maintenance flakes are overrepresented in refitting group 1 at Bettencourt 

and were found in lower than expected proportions in groups 2 and 3. This trend is significant for 

maintenance flakes in groups 1 and 3. Paradoxically, for the density contour analysis, maintenance 

flakes were found in significantly lower proportions in the high density areas, and significantly elevated 

proportions in the low density areas, perhaps related to dispersed knapping events outside of the 

central area, a hypothesis that is supported by the cortical flakes as well. This explanation appears valid 

after examining the site map. There are numerous small clusters of artifacts in the low density area that 

are likely associated with small knapping events (see figure 6.5).  
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Figure 6.5 Density map from Bettencourt, showing a few clusters in the low density areas where small 

knapping events may have occurred (indicated by green dotted lines). 

 

At Bossuet, the numbers for maintenance flakes are higher than expected in refitting group 1 

but lower than expected in groups 2 and 3. This pattern suggests that these artifacts were seldom 

picked up and utilized. This pattern is significant for groups 1 and 3. Débordant flakes, however, are 

found in higher than expected proportions in group 2 so they may have been utilized in activities 

adjacent to the knapping area. This is similar to the pattern found at Le Prissé, another site dominated 

by discoidal reduction. Cantalouette appears to have has a contrasting pattern to Bossuet, but the 

pattern is very weak.  

Both maintenance and débordant flakes were exported to group 3 at Fresnoy and are 

underrepresented in group 2. They are found at higher (débordant) or expected (maintenance) 

proportions in group 1. Only the underrepresentation of débordant flakes in group 2 is statistically 
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significant. This pattern is replicated for débordant flakes in the density groups. They appear in elevated 

proportions in both the high and, particularly, low density areas. As in the refitting study, débordant 

flakes are significantly underrepresented for the medium density group. Maintenance flakes are found 

in significantly higher proportions in the high density areas. A contrasting pattern is found at La Folie, 

where débordant flakes are found in higher proportions in refitting group 2, but lower in groups 1 and 3. 

These results could potentially be explained by site structure, since La Folie and Fresnoy are very 

different. It is more likely that these pieces simply have variable life histories; sometimes they are 

selected for use as tools, other times they are not. At Villiers Adam, maintenance flakes have a very 

clear pattern of overrepresentation in the high density areas and underrepresentation in the low density 

areas. Débordant flakes are underrepresented in high and low density areas, but found in higher 

proportions in the medium density areas. This indicates that at Villiers, maintenance flakes were rarely 

used as tools whereas débordant flakes were chosen more frequently.   

One could hypothesize that débordant and maintenance flakes should have different 

trajectories in the discoidal sites than in the sites that are dominated by Levallois or laminar reduction 

since these production systems would produce notably different “maintenance” flakes. However, the 

use of these two technological categories is equally inconsistent no matter the system of reduction 

utilized at the site. Débordant flakes may tend to be exported more readily than maintenance flakes but 

it is a highly variable pattern.  

 

6.3 Debris 

 The lithics that are classified as “debris” include all flakes under 3 cm and small sized knapping 

errors, such as casson (split pieces) and esquille (shatter). Unlike the previous technological categories, 

debris should present a uniform signal since the small size of the pieces makes them less suitable to be 
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used as tools or cores. In addition, because of their size and common morphological irregularity, they 

are more difficult to refit than other types, so the refitting results should be regarded with some degree 

of caution. However, the only sites with sample sizes under 10 for refitted debris are Bossuet (n = 6) and 

La Folie (n = 4). 

 
Figure 6.6 Distribution of debris by refitting groups for all sites. Stars indicate significant values, as 

determined by confidence intervals.  
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Figure 6.7 Distribution of debris by density groups for all sites. Stars indicate significant values, as 

determined by confidence intervals.  

 

 In general, debris are distributed as expected, particularly for the density contour analysis. The 

results from the refitting analysis are more variable, likely because only a small subset of the population 

of debris is part of any refit set. All significant results follow the expected association with knapping 

debris, however, and are overrepresented in refitting group 1 and the high density group, and are 

underrepresented for all other groups.  

Le Prissé is the only site to exhibit a contrasting pattern for the density contour analysis. Debris 

is overrepresented in the low and medium density areas while being underrepresented in the high 

density areas. This pattern is not statistically significant, however, and thus does not necessarily 

represent a meaningful trend. Debris does follow the expected pattern for the refitting analysis and the 

values for all three groups are significant. Debris is overrepresented in refitting groups 1 and 2 but 
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underrepresented in group 3 at Bettencourt. This supports the idea that Bettencourt may have been 

occupied on several occasions and debris was moved around through site reuse. The results for the 

density contour analysis show that debris are significantly overrepresented for the high density areas 

and underrepresented for the low density areas.  

 Neither Bossuet nor Cantalouette show a strong pattern for the distribution of debris. This is 

largely due to sample size. Both of these sites have very large assemblages, with a high number of refits, 

but debris makes up only two percent (Cantalouette) and one percent (Bossuet) of the refitted 

assemblage. Debris is not distributed as one would expect for the refitted artifacts at Fresnoy. It seems 

to occur in higher proportions in groups 2 and 3, but low in group 1, though the values for this analysis 

are very low and are not significant. In the density analysis, debris are distributed as would be expected 

with significant values for both the low and high density areas.  

 The debris at La Folie and Villiers Adam is distributed as one would expect, indicating that these 

sites may not have been reoccupied or that the duration of occupation was relatively short. Villiers 

Adam is a very large site and was likely reoccupied, but the reoccupations occurred in spatially adjacent 

areas. This is supported by the low number of refits between clusters. At La Folie, there are only four 

pieces of debris involved in refits and all of them are found in group 1. This trend is significant. Debris 

are overrepresented in the high and medium density areas and significantly underrepresented in the 

low density areas. There are many more debris than expected in the high density areas at Villiers Adam 

and lower than expected proportions for the medium and low density areas. This trend is significant for 

all density groups.  

 In comparison to other artifact classes, debris present a unified signal in all of the sites. They are 

typically left next to the knapping area and are seldom moved to other parts of the site. While there is a 
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small degree of variation, this pattern holds true in all of the analyses for which statistical significance 

can be demonstrated.  

 

6.4 Flakes, blades, and Levallois flakes 

 Flakes, blades, and Levallois flakes are grouped together because they are all considered 

potential end products, the targets of the entire reduction system. Regular flakes are variable than 

Levallois flakes and blades because they have a less specialized morphology, depending on the point in 

the reduction process at which they were produced. Thus, they likely show a higher degree of variation 

in terms of their suitability to any given task. Nevertheless, all three artifact categories are expected to 

have been moved from where they were knapped for utilization elsewhere on the site more often than 

average.  

 
Figure 6.8 Distribution of flakes, blades, and Levallois flakes by refitting groups for all sites. Note that Le 

Prissé and Bossuet only have flakes, and Cantalouette and La Folie do not have blades. Stars indicate 

significant values, as determined by confidence intervals. 
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Figure 6.9 Distribution of flakes, blades, and Levallois flakes by density groups for all sites. Note that Le 

Prissé only has flakes, and La Folie does not have blades.  Stars indicate significant values, as determined 

by confidence intervals. 

 

Flakes, blades, and Levallois flakes do show a fairly uniform pattern of exportation away from 

knapping/high density areas. At nearly all of the sites in this study, these lithic types are 

underrepresented or have expected values in refitting group 1 and the high density areas. In comparison 

to other artifact categories, the agreement between sites here are remarkable. In the refitting analysis, 

all significant values show underrepresentation of these categories in group 1, and overrepresentation 

in groups 2 and 3. The density contour analysis shows three instances with significant 

underrepresentation in the medium or low density areas, but they are over represented in six cases. For 

example, at Fresnoy, Levallois flakes are significantly underrepresented in the medium density group, 

but this is countered by overrepresentation in the low density group. In other words, all sites show 
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proportions of Levallois flakes, flakes, and blades equal to or below expected values in the high density 

areas, but high proportions in either the medium or low density group. Such little variation is particularly 

surprising for the flake category because there is likely a high degree of within group diversity. For 

example, both a small irregular flake just over 3 cm and a large broad flat flake would be grouped 

together in this category.  

Le Prissé does not contain Levallois flakes or blades so normal flakes are the only category 

represented. Flakes are underrepresented for refitting groups 1 and 3, but overrepresented for group 2. 

This would indicate that they were used for activities adjacent to the knapping area. This pattern is 

replicated in the density analysis; flakes are overabundant in the medium density areas but found in 

much lower than expected proportions for the low density areas. This trend is significant for the 

medium and high density areas. 

Bettencourt has a very strong signal indicating that flakes, Levallois flakes, and blades were 

moved away from refitting group 1 and into refitting groups 2 and 3. Flakes and Levallois flakes are 

significantly underrepresented in refitting group 1. Overrepresentation of Levallois flakes in group 2 and 

flakes in group 3 are both significant. All categories, but particularly flakes, are underrepresented in the 

high density areas. This follows the pattern for the refitting data. Flakes are overrepresented in both the 

medium and low density areas, and blades are found in significantly higher than expected proportions in 

the medium density areas but not in the low. In fact, blades are significantly underrepresented in the 

low density areas.  

All lithic categories are present in expected proportions in refitting group 1 for both Bossuet and 

Cantalouette, except that Levallois flakes are overrepresented at Cantalouette. Flakes are 

underrepresented in group 2 but overrepresented in group 3 for Bossuet, indicating that flakes were 

moved longer distances. At Cantalouette, the pattern is the opposite. Flakes are found in higher 
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proportions in group 2 but lower in group 3. In general, Bossuet displayed much longer refitting 

distances than Cantalouette, so this could play a part in this pattern.  

At Fresnoy, all three artifact categories are underrepresented in refitting group 1. Levallois 

flakes are highly overrepresented in group 2 and are slightly underrepresented in group 3. Blades are 

underrepresented in group 2 but overrepresented in group 3. Flakes occur in expected proportions in 

group 2 but are overrepresented in group 3. For the density areas, all categories are found in 

significantly lower proportions than expected for the high density areas. This supports what was found 

in the refitting groups. The medium density areas contain comparably excessive flakes and blades and 

comparably few Levallois flakes. This trend is statistically significant for flakes and Levallois flakes. All 

three artifact categories are found in higher than expected proportions in the low density areas. This is 

particularly true for Levallois flakes and blades whose overrepresentation is statistically significant. This 

is slightly different from what was found in the refitting groups. The discordance between the two 

analyses could be a result of reoccupation. Likely the refitting data reflect the most recent occupations 

while the density data are an amalgamation of all occupations or use of the land surface. This would 

result in higher discrepancies when trying to map the refitting groups onto the density areas.  

La Folie is the exception to the general pattern documented at other sites. Flakes are found in 

higher than expected proportions for group 1 while Levallois flakes are underrepresented. Levallois 

flakes are also underrepresented in group 2 while they are overrepresented in group 3. Flakes are 

underrepresented in group 3. This pattern is replicated nearly perfectly in the density contour analysis. 

Flakes are overrepresented in the high density area and underrepresented in the low density area. 

Levallois flakes are underrepresented in the medium density area but found in much larger proportions 

than expected for the low density areas. These two analyses agree remarkably well for these two 

artifact categories at La Folie, in stark contrast to Fresnoy. The difference, of course, could be that La 
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Folie was occupied for a much shorter period of time and therefore the refitting groups “map” onto the 

density areas quite well. In addition, the fact that flakes were apparently not used as extensively at La 

Folie as at the other sites could also be a testament to the short duration of occupation. At all sites, 

Levallois flakes and blades were probably selected first because they are more likely to have a regular 

shape. Non-Levallois flakes may have been chosen to be utilized only after the more preferential pieces 

were already gone. They may also have been utilized for more opportunistic tasks. La Folie may have 

simply not been occupied long enough for this progression to occur. Perhaps the site’s occupants left 

before it was necessary to utilize the lower quality lithic pieces.  

Finally, Villiers Adams follows the pattern exhibited at the other sites. All three artifact 

categories, but particularly flakes, are found in significantly lower proportions than expected for the high 

density areas. Flakes and Levallois flakes are found in higher than expected proportions for the medium 

density areas; the value for flakes is statistically significant. All three categories are overrepresented in 

the low density areas, and here again the value for flakes is significant. This pattern is so evident at 

Villiers Adam because the site has starkly defined high density areas that are almost certainly the direct 

result of knapping debris and are less likely to represent a mixture of behaviors.  

 In sum, flakes, Levallois flakes, and blades display a very coherent pattern in the two analyses 

described here. They are often underrepresented in refitting group 1 and the high density group. 

Meanwhile, these pieces were preferentially found in either the medium or low density areas and 

refitting groups 2 and 3. 
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6.5 Naturally backed flakes and pseudo-Levallois points 

Naturally backed flakes and pseudo-Levallois points are combined in this section because they 

seem to be distributed in similar ways, particularly at the sites dominated by discoidal reduction, Le 

Prissé and Bossuet (see Chapter 5). Here, I have included all sites that contain these artifact categories 

but because they are less common than other artifact types, the sample sizes should be taken into 

consideration. As can be seen in table 6.1, there is a single pseudo-Levallois point in the refitting analysis 

for Fresnoy. 

 Density-Contour Analysis Refitting Analysis 

 Nat Backed Flk Pseudo-Lev Point Nat Backed Flk Pseudo-Lev Point 

Le Prissé 45 87 7 21 

La Folie 97 18 71 14 

Fresnoy / 13 / 1 

Cantalouette / / 270 16 

Bossuet / / 118 29 

Villiers Adam / 11 / / 

Table 6.1 Sample sizes for naturally backed flakes and pseudo-Levallois points for the two analyses.  

 

 



184 
 

 
 
Figure 6.10 Distribution of naturally backed flakes and pseudo-Levallois flakes among refitting groups. 

Bettencourt has neither of these categories so it is not included in this figure. Fresnoy does not have the 

naturally backed flakes category. Stars indicate significant values, as determined by confidence intervals. 

 
Figure 6.11 Distribution of naturally backed flakes and pseudo-Levallois flakes among density groups. 

Bettencourt has neither of these categories so it is not included in this figure. Fresnoy and Villiers Adam 

do not have the naturally backed flakes category. None of these values are significant based on 

confidence intervals.   
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In general, both pseudo-Levallois points and naturally backed flakes were found in lower proportions in 

the knapping area and higher proportions in the low density areas. This pattern could suggest that both 

of these artifacts were utilized and not simply discarded as knapping debris.  

 At Le Prissé, both pseudo-Levallois points and naturally backed flakes were found in lower 

proportions than expected in refitting group 1, a pattern that is statistically significant for naturally 

backed flakes. Both artifact categories were found in higher proportions than expected in refitting 

groups 2 and 3. These patterns are paralleled by the density analysis. Pseudo-Levallois points are 

overrepresented in the medium density areas while naturally backed flakes are overrepresented in the 

low density areas.  

 Fresnoy also displays an apparently strong signal for pseudo-Levallois points. They are in 

refitting groups 1 and 2 and found in significantly higher proportions in group 3. The pattern at 

Cantalouette is very weak with slightly higher than expected proportions of pseudo-Levallois points in 

refitting group 1 and lower than expected proportions in groups 2 and 3. The proportions for naturally 

backed flakes occur in expected proportions for all groups. 

There is no coherent pattern displayed for these technological categories at La Folie. Pseudo-

Levallois points are found in lower than expected proportions in refitting group 1, and slightly higher in 

groups 2 and 3, although the pattern is too weak to be significant. For the density contour analysis, 

pseudo-Levallois points are found in slightly higher proportions in the medium density areas and slightly 

higher in the high and low density areas. Naturally backed flakes are close to proportional for the 

refitting analysis, but are found in lower than expected proportions in the medium group area and 

higher than expected proportions in the low density areas. Finally, at Villiers Adam, pseudo-Levallois 
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points are found in much lower proportions than expected in the high and medium density areas but 

higher than expected in the medium density areas, a pattern also found at Fresnoy. 

None of the results from the density contour analysis for either pseudo-Levallois points or 

naturally-backed flakes are significant for any site, and only two of the results for refitting groups reach 

statistical significance. This lack of significant results likely indicates that these artifacts were not used in 

a systematic way that would create a consistent pattern. 

 

6.6 Nodules and cores 

It has already been noted that cores were distributed throughout these sites in a systematic and 

somewhat surprising manner. Instead of always being associated with knapping debris, they seem to 

have been quite mobile and can be found in disproportionally high quantities in the medium and low 

density areas of the sites. Here, they are combined with tested and complete nodules.  Complete 

nodules were combined with tested nodules because they follow the same pattern. In addition, even 

nodules that are not tested are still the result of anthropogenic activity because they were moved to the 

site, except, of course, in the case of the two quarry/workshop sites. 
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Figure 6.12 Distribution of cores and nodules among refitting groups. Note that Cantalouette and Le 

Prissé are the only sites that have the nodules category. Stars indicate significant values, as determined 

by confidence intervals.  

 



188 
 

 
 
Figure 6.13 Distribution of cores and nodules among density groups. Note that Le Prissé, Fresnoy, and 

Villiers Adam are the only sites that have the nodules category. Stars indicate significant values, as 

determined by confidence intervals. 

 

 For the refitting study, both cores and nodules are normally underrepresented or near 

proportional in group 1, except for Le Prissé. They are overrepresented or at expected frequencies in 

groups 2 and 3 for most sites. One exception is Bossuet, where cores are found at nearly expected 

proportions in all three refitting groups. In the density contour analysis cores are underrepresented in 

the high density area for five sites, with the difference reaching statistical significance in half of the 

cases. The exception is La Folie where the cores are over overrepresented in high density zones. All sites 

display underrepresentation in the medium density areas and overrepresentation in the high density 

areas, with again an exception for La Folie. More importantly, all of the significant values follow this 

trend, showing underrepresentation in the high and medium density areas and overrepresentation in 

the low density areas. This pattern seems to reinforce the notion that cores were often moved to the 
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peripheries of the knapping zones. At La Folie, this trend does not seem to occur, but the pattern 

exhibited at La Folie is not significant and could be an effect of sample size.  

Le Prissé is interesting because it contradicts the general pattern for the refitting analysis but 

follows the other sites for the density contour analysis. Nodules are significantly overrepresented in 

refitting group 1, while cores are significantly overrepresented in the low density areas. Cores are 

overrepresented in refitting group 2 at Le Prissé. Perhaps some cores were reduced in medium density 

areas and were left next to the knapping debris, but others were moved to adjacent low density areas. 

At Bettencourt, cores are significantly underrepresented in refitting group 1 and the high density areas, 

and significantly overrepresented in the low density areas. Villiers Adam and Fresnoy also support this 

pattern with statistically significant values in the density contour analysis. Villiers Adam has significantly 

fewer cores than expected in the high density area and more than expected in the low density areas. At 

Fresnoy, cores are significantly underrepresented in the medium density areas and overrepresented in 

the low density areas. This pattern for cores, therefore, is well supported by a high number of significant 

values for many of the sites, making this one of the most robust patterns of all the technological 

categories. 

In sum, the results of these analyses indicate that cores were a surprisingly mobile category of 

lithic artifact, more similar to Levallois flakes and tools than to knapping debris. In general, they were 

not discarded in the areas where most knapping took place. Furthermore, the refitting analysis indicates 

that cores were not even discarded adjacent to their own knapping debris. Instead, they were moved 

after the knapping was completed. One could argue that the cores were moved in order to begin a new 

knapping sequence elsewhere on the site. However, I believe that it is more likely that the refitted 

pieces represent the most recent knapping sequence. If so, then cores were often moved after the final 
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reduction sequence was completed. Therefore, it appears these cores were moved after knapping, 

either to clear the area of large objects or to be used for another, as yet undetermined, purpose.  

 

6.7 Tools 

 The lithic category “tools” differs from other categories because we know that the artifacts in 

this group were modified after being knapped. Consequently we expect that they should have been 

moved away from where they were knapped, at least at a higher rate than for other lithic categories. 

This category can be somewhat problematic, however, because it often has very small sample sizes. 

Table 6.2 presents the sample sizes, as was done for the pseudo-Levallois points and naturally backed 

flakes. Sample size is not a problem in the density contour analysis but Fresnoy, Le Prissé, and 

Cantalouette have very small samples of tools that were refit.  

 Refitting Analysis Density Contour Analysis 

Le Prissé 4 27 

Bettencourt 20 75 

Bossuet 47 / 

Cantalouette 6 / 

La Folie 17 40 

Fresnoy 1 29 

Villiers Adam / 39 

Table 6.2 Sample sizes for the category “tools” for the two analyses. In addition, Le Prissé has the 

category “Bifaces/Cleavers” which has a sample size of 14 for the density contour analysis.  
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Figure 6.14 Distribution of tools among refitting groups for all sites. Stars indicate significant values, as 

determined by confidence intervals. 

 
 
Figure 6.15 Distribution of tools among density groups for all sites. Note that Le Prissé is the only site 

containing bifaces and cleavers. Stars indicate significant values, as determined by confidence intervals.  
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 The results from these two analyses for tools are not as clear as might be expected. Some of this 

ambiguity is due to small samples, as indicated above. In the refitting analysis, for example, Fresnoy has 

only one tool involved in a refit and that tool is located in group 1. However, there are 20 tools involved 

in refits at Bettencourt and 16 of them are found in group 1, a much higher number than expected. This 

pattern is significant for groups 1 and 2. Tools at Le Prissé, Bossuet, and La Folie are distributed as 

expected for the refitting study, however, with an overrepresentation in group 3 and 

underrepresentation in group 1. This pattern is significant for La Folie in groups 1 and 3 and at Fresnoy 

for group 1. Cantalouette has a very weak pattern with a sample size of only six tools.  

 The results from the density contour analysis are clearer. At all sites tools are either evenly 

represented in the high density group or are strongly underrepresented. At Le Prissé, both regular tools 

and bifaces/cleavers were deposited away from the high and, in the case of bifaces/cleavers, medium 

density groups and found in higher proportions in the low density group. The proportions of 

bifaces/cleavers are significant for all groups and tools are significant for the high and low density 

groups. At La Folie, tools were discarded away from the high density areas, and found in higher than 

expected proportions in both the medium and low density areas. This pattern is significant for the high 

and low density areas. At Villiers Adam, tools are heavily underrepresented in the high density group, 

evenly represented in the medium density group, and significantly overrepresented in the low density 

group. Fresnoy and Bettencourt do not show any trend; their tools are near proportional in each density 

group. In sum, the significant values show underrepresentation of tools in high and medium density 

areas and overrepresentation in low density areas. 

It should be pointed out, however, that the density contour analysis has a different meaning 

than the refitting analysis because on-site production cannot be assumed. Tools found in low or medium 

density areas were not necessarily moved from the high density areas; they may have never been 
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associated with those areas in the first place. All artifacts within the refitting analysis, however, were 

produced at the site because they are physically linked to their chaîne opératoire. This fact is true for all 

artifacts in this study, but it is particularly relevant for tools because tools are more likely to have been 

transported between sites (Geneste 1989).  

 In general, at these sites tools have a different trajectory that is not linked with reduction debris. 

They are found in lower than expected proportions in the high density group, and in higher than 

expected proportions in the low density groups. The refitting analysis shows more variation, but the 

samples are smaller and these tools were made on site. Therefore, it could be expected that some of 

these tools were constructed in situ in the place where they were to be used.   

 

6.8 Conclusions 

 There is a great deal of variation both between and within sites in how the various lithic classes 

are distributed based on the two types of analyses. However, the technological categories generally fall 

into two groups: those artifacts that have a more or less consistent pattern of either being exported 

away from likely knapping areas or remaining close to the knapping debris and those artifacts that have 

a variable pattern, showing a great deal of variation both between sites and between analyses. There is 

a great deal of noise in all of these patterns, but that is to be expected. The spatial distributions of these 

artifacts have been influenced by many processes—both human and natural. The refitting and density 

contour analyses were constructed in order to detect general patterns; they are not completely 

congruent. For example, in the refitting analysis, the knapping area, or refitting group 1, is identified by 

locating the area in which the greatest amount of lithics fall within the smallest area. This is a logical way 

of isolating the knapping area, but there are some instances where this determination will be wrong, 

particularly for the refitting groups with lower numbers. Therefore, it is not surprising that even a lithic 
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category such as “tools”, which generally has the same pattern for all sites and analyses, does show 

some inconsistencies. All results have been summarized in tables 6.3-6.5.
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GROUP 1   Le Prissé Bettencourt Bossuet Cantalouette La Folie Fresnoy 

Villiers 

Adam 

Cortical flake Refitting — Over — — — — N/A 

  Density — Under N/A N/A — — Over 

Partially cortical flake Refitting — N/A — — Over Over N/A 

  Density — N/A N/A N/A — Under N/A 

Naturally backed flake Refitting Under N/A — — — N/A N/A 

  Density — N/A N/A N/A — N/A N/A 

Maintenance flake Refitting — Over Over — N/A — N/A 

  Density — Under N/A N/A N/A Over — 

Débordant flake Refitting Under Over — — — — N/A 

  Density — — N/A N/A — — Under 

Debris Refitting Over — — — Over — N/A 

  Density — Over N/A N/A — Over Over 

Flake Refitting — Under — — — — N/A 

  Density — Under N/A N/A — Under Under 

Levallois flake Refitting N/A Under N/A — — — N/A 

  Density N/A — N/A N/A — Under Under 

Blade Refitting N/A — N/A N/A N/A — N/A 

  Density N/A — N/A N/A N/A Under Under 

Pseudo-Levallois point Refitting — N/A — — — Under N/A 

  Density — N/A N/A N/A — — — 

Nodule Refitting Over N/A N/A Under N/A N/A N/A 

  Density — N/A N/A N/A N/A N/A Under 

Core Refitting — Under — Under — — N/A 

  Density — Under N/A N/A — — Under 

Tool Refitting Under Over — — Under Over N/A 

  Density Under — N/A N/A Under — Under 

Biface/Cleaver Refitting N/A Table 6.3 Summary of all results for refitting group 1 and the high density 

group. Results are labeled “over” or “under” if they are more than 2 percent 

over or under represented, or if they are statistically significant. Significant 

values are also indicated in bold.  

  Density Under 

Hammerstone Refitting N/A 

  Density — 
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GROUP 2   Le Prissé Bettencourt Bossuet Cantalouette La Folie Fresnoy 

Villiers 

Adam 

Cortical flake Refitting — Under — — — — N/A 

  Density — — N/A N/A — — Over 

Partially cortical flake Refitting — N/A — — — — N/A 

  Density — N/A N/A N/A — — N/A 

Naturally backed flake Refitting — N/A — — — N/A N/A 

  Density — N/A N/A N/A — N/A N/A 

Maintenance flake Refitting — — — — N/A Under N/A 

  Density — — N/A N/A N/A Under — 

Débordant flake Refitting — — — — — Under N/A 

  Density — — N/A N/A — Under — 

Debris Refitting Under — — — — — N/A 

  Density — — N/A N/A — — Under 

Flake Refitting — — — — — — N/A 

  Density Over — N/A N/A — Over Over 

Levallois flake Refitting N/A Over N/A — — — N/A 

  Density N/A — N/A N/A — Under — 

Blade Refitting N/A — N/A N/A N/A — N/A 

  Density N/A Over N/A N/A N/A — — 

Pseudo-Levallois point Refitting — N/A — — — Under N/A 

  Density — N/A N/A N/A — — — 

Nodule Refitting — N/A N/A Over N/A N/A N/A 

  Density — N/A N/A N/A N/A N/A — 

Core Refitting — — — — — — N/A 

  Density — — N/A N/A — Under — 

Tool Refitting — Under — — — Under N/A 

  Density — — N/A N/A — — — 

Biface/Cleaver Refitting N/A Table 6.4 Summary of all results for refitting group 2 and the medium density 

group. Results are labeled “over” or “under” if they are more than 2 percent 

over or under represented, or if they are statistically significant. Significant 

values are also indicated in bold. 

  Density Under 

Hammerstone Refitting N/A 

  Density Under 
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GROUP 3 

 

Le Prissé Bettencourt Bossuet Cantalouette La Folie Fresnoy 

Villiers 

Adam 

Cortical flake Refitting — Under — — — — N/A 

  Density — Over N/A N/A — Over Under 

Partially cortical flake Refitting — N/A — — — Under N/A 

  Density Under N/A N/A N/A — Over N/A 

Naturally backed flake Refitting Over N/A — — — N/A N/A 

  Density — N/A N/A N/A — N/A N/A 

Maintenance flake Refitting — Under Under — N/A Over N/A 

  Density — Over N/A N/A N/A Under Under 

Débordant flake Refitting — — — — — — N/A 

  Density — — N/A N/A — — — 

Debris Refitting Under — — — — — N/A 

  Density — Under N/A N/A Under Under Under 

Flake Refitting — Over — — — — N/A 

  Density Under — N/A N/A — — Over 

Levallois flake Refitting N/A — N/A — — — N/A 

  Density N/A — N/A N/A — Over — 

Blade Refitting N/A — N/A N/A N/A — N/A 

  Density N/A Under N/A N/A N/A Over — 

Pseudo-Levallois point Refitting — N/A — — — Over N/A 

  Density — N/A N/A N/A — Over — 

Nodule Refitting Under N/A N/A — N/A N/A N/A 

  Density — N/A N/A N/A N/A N/A Over 

Core Refitting Under — — — — — N/A 

  Density Over Over N/A N/A — Over Over 

Tool Refitting Over — — — Over Under N/A 

  Density Over — N/A N/A Over — Over 

Biface/Cleaver Refitting N/A Table 6.5 Summary of all results for refitting group 3 and the low density 

group. Results are labeled “over” or “under” if they are more than 2 percent 

over or under represented, or if they are statistically significant. Significant 

values are also indicated in bold. 

  Density Over 

Hammerstone Refitting N/A 

  Density — 
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 These tables are meant to facilitate comparisons by highlighting the data that are either 

statistically significant, or differ by more than two percentage points from the expected value. One 

major message that is communicated by these tables is the weak patterns of variation the two raw 

material workshop sites, Bossuet and Cantalouette. Of course, the density contour analysis could not be 

performed on these two sites so we only have the results from the refitting analysis. However, even for 

this analysis, we have only three significant results for the two sites. For the same analysis, the four 

other sites (recall Villiers Adam was not part of the refitting analysis) had 26 significant values. This is a 

difference of 1.5 significant values per site to 6.5 significant values per site. The weak relations exhibited 

by the quarry sites can be partially explained by their large assemblage sizes which made refitting more 

challenging. The size of these assemblages was produced by two major factors. First, the presence of 

high quality raw materials made these locations nodes on the landscape and encouraged more frequent 

visits and, perhaps, longer stays. Second, the location of the site on top of the raw material source 

meant that there was no cost of transportation of raw materials and, thus, stone could have been 

expended quickly and without conservation. Because of the attractive nature of these sites, they were 

likely subject to a wide range of occupation types, whether it was short stops to reduce a few cores and 

take products to a nearby campsite, or longer term occupations directly on the source.  

 When considering the number of significant values for the remaining sites, the numbers roughly 

tend to follow the size of the assemblage, the larger the assemblage, the more significant the values. 

This makes sense from a purely statistical but also clearly shows the difference between these sites and 

the quarry sites. The quarry sites did not to yield a coherent signal for any of the artifact categories, 

irrespective of their large sample sizes. While Cantalouette and Bossuet did have a smaller percentage 

of their assemblage refit than some of the other sites, the absolute raw quantities are still much larger. 

Le Prissé and La Folie, the two probably single component sites, had a lower number of significant 

results than some of the other sites, but they were generally coherent signals. Coherence is measured in 
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how well they follow the general trend for all sites, and between analyses. For example, in table 6.3, La 

Folie is coherent for the “tool” category because both the refitting and contour analyses agree with each 

other. Bettencourt, on the other hand, has 23 significant values but five examples where the two 

analyses disagree or where Bettencourt disagrees with the other sites. For example, in table 6.3, 

Bettencourt is shown to be significantly overrepresented in tools in refitting group 1, which is not the 

general pattern seen at other sites. Villiers Adam is the most remarkable because although it only has 

results from the density analysis, it has 18 significant results, and all of them agree with the general 

trend from other sites. This high number of significant results is a testament to the unique situation of 

Villiers Adam. It is a multi-component site, meaning that it is very large with a number of high density 

centers, but it is overall low density and its various components were not scattered and have remained 

well organized. These differences can be explained best by the number and duration of occupations and 

will be explored further in chapters 7 and 8. 

 Table 6.6 displays the general pattern for each class of lithics. This table is simply meant to 

clarify the most general observations; there is certainly more complexity. This table shows that cortical 

flakes, maintenance flakes, and débordant flakes are similar in that they do not demonstrate a 

consistent pattern from one site to the next. For some sites they were exported from the knapping areas 

in higher proportions, for other sites, they remain close to where they were knapped. They also display 

inconsistencies between analyses. Likely, these lithics were selected for reasons other than their label in 

this analysis. In other words, perhaps the selection was based on size, shape, or simply because a 

particular piece was within the closest proximity at a particular moment of need.  
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Cortical flakes  

Partially cortical flakes 

Variable 

Maintenance flakes 

Débordant flakes 

Variable 

Debris Consistent, usually remain next to knapping/high density areas 

Flakes 

Blades 

Levallois Flakes 

Consistent, usually found away from knapping location and in low density 

areas 

Naturally backed flakes  

Pseudo-Levallois flakes 

Consistent, usually found away from knapping location and in low density 

areas. Pattern particularly clear for discoidal sites (Bossuet and Le Prissé) 

Nodules 

Cores 

Consistent, usually found away from knapping location and in low density 

areas 

Tools Consistent, usually found away from knapping location and in low density 

areas 

Table 6.6 Simplified overview of patterns observed in lithic classes for all sites. 

 The remaining lithic categories are distributed in a relatively consistent pattern from one site to 

the next. Debris are particularly consistent, especially for the density contour analysis; sample sizes are 

low for the refitting analysis. Flakes, blades, and Levallois flakes are often removed from the 

knapping/high density areas and can be found in both adjacent and more distant areas, depending on 

the site. This pattern is upheld throughout both analyses. Naturally backed flakes and pseudo-Levallois 

points have a consistent pattern in the discoidal sites, for the others they are variable. However, for 

Bossuet and Le Prissé they are exported away from the knapping/high density areas.  

 Nodules and cores are consistently found away from the high density/group 1 refitting areas, 

mainly in low density areas of the sites. This pattern is particularly intriguing. It could be that they were 

moved because their large size made them a target of cleaning activities. However, the dense piles of 

debris were left in place, so this seems to be an unlikely explanation. On the other hand, their size could 

make them a target for other behaviors. They represent mobile chunks of raw material, so even if they 

were not knapped at the location to which they were moved, they could have been moved along with 

the knapper as he or she transitioned to another activity. They, indeed, could have been used in the next 

activity, even something as low impact as serving as a weight to hold a hide in place. Children also may 
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have identified these objects as having an importance to the adults and moved them for play, even if 

they did not actively try to knap them. There are a host of possible explanations; the main point is that 

their conspicuous size made cores and nodules targets of human attention.  

 Tools were also frequently   deposited in low density areas. Like all other lithic categories, tools 

display variability in how this pattern is expressed both between analyses and between sites. Their 

general pattern, however, is clearly expressed by combining these two different types of analyses and a 

range of site types. This, then, is one of the main conclusions revealed in this chapter: patterns emerge 

for each technological class but only through the combination of these seven site datasets. Application 

of these analyses at any one site may not yield the same or divergent results compared to another site. 

However, taken together, interpretable patterns can be discerned.  
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CHAPTER 7  

TIME AND SPACE: ASSESSING LENGTH AND CONTINUITY OF OCCUPATION 

 One of the most daunting challenges in the interpretation of Paleolithic sites is the time 

averaging that typifies most archaeological layers. Each archaeological assemblage, whether it is from a 

cave or an open air site, may contain debris from an unknown number of occupations of differing 

durations. There are, of course, exceptions, sites such as Pincevent (Leroi-Gourhan and Brézillion 1966) 

and Verberie (Audouze 1996, Audouze and Enloe 1997) in France that boast an extraordinary degree of 

integrity. La Folie, one of the sites analyzed in this study, likely reflects a relatively short duration 

occupation. Sites like this are more difficult to find, however, because they contain fewer artifacts and 

because they are often located in places where sedimentation rates are higher. High rates of 

sedimentation are crucial for preventing opportunities for reoccupation of the same surface but almost 

inevitably result in deeper burial.  

 It is very difficult to assess whether a dense accumulation of artifacts is the product of multiple 

episodic occupations, or one long-term occupation. It is even more challenging, often impossible, to 

assign particular artifacts to particular occupations. As difficult as these questions are to answer, we 

must obtain a relative sense of duration and number of occupations in order to develop better ideas 

about patterns of land use and mobility. In order to map settlement patterns onto the landscape, one of 

the most enduring and interesting themes in hunter-gatherer archaeology, we must be able to assess 

how long groups stayed at any one particular location, and whether they used particular sites 

repeatedly. In this chapter, I review a suite of indicators that can be used to evaluate duration and 

number of occupations for each of the seven sites examined for this project. These indicators include 

artifact density, site area, tool-to-flake ratio, distribution of density, number of high density clusters, 

percentage of refits, and distribution among refitting groups. Many of these data were already 
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presented in earlier chapters but here they will be evaluated specifically as they pertain to occupation 

length and number. I will explain the significance of each indicator below. Most only provide relative 

measures of number or duration of occupations, so it is particularly important to use multiple indicators, 

and to examine a number of cases that represent the some part of the range of variation of the 

phenomena in question. At the end of the chapter I will bring all of the sites and indicators together to 

create a composite view of how the sites relate to each other on a two-dimensional continuum with site 

duration on one axis and number of occupations on the other.  

 

7.1 Artifact density and site area 

 Artifact density is a traditional if rough measure of “occupation intensity,” a phrase that 

combines both number and duration of occupations into a general term that implies the number of 

person-days the site was occupied. Person-days include both the duration of occupation and the size of 

the group, two factors that would directly contribute to artifact density. It is easy to see how artifact 

density could relate to the number of person-hours spent at the site; the longer a group stays at one site 

the more debris accumulates there, so the higher the density. In the same vein, site area can give 

information about occupation intensity because the more time a group occupies a site, the more spread 

out the concentrations of debris will become (the centrifugal dispersion effect, described in chapter 2), 

particularly if the site is occupied repeatedly. Yellen (1977) found area to be correlated with occupation 

duration for his studied Kalahari !Kung sites. This is true only for unconstrained open air sites however, 

since the spatial limits of rockshelter and cave site occupations are conditioned by impenetrable physical 

boundaries. Open air sites can also have physical boundaries but these seldom constrain the occupied 

area as completely as do the walls of a cave or a rockshelter.  



204 
 

Table 7.1 contains the site areas, total lithics, and overall density for each site in the analysis, 

replicated from Chapter 4. Recall that the area included in this table is not the total area excavated but, 

rather, the tightest spread of points as determined by ArcGIS. Therefore, it is essentially the minimum 

site area. 

 Area (m
2
) # Lithics Overall Density 

(lithics/m
2
) 

Le Prissé 1075 870 0.81 

Bossuet 228 15,797 69.29 

Bettencourt 915 5729 25.13 

Cantalouette 282 15,404 54.62 

La Folie 207 1262 6.10 

Fresnoy 1143 4270 3.74 

Villiers Adam 1928 1619 0.84 

 Table 7.1 Site area, number of lithics, and overall density for all sites.  

Not surprisingly, the two quarry/workshop sites, Cantalouette and Bossuet, express the highest 

artifact densities. The artifact density at Bettencourt is less than half the density of the 

quarry/workshops, but it is still many times higher than the other sites in the analysis. Large quantities 

of raw material were transported to this site, likely because it was occupied for a long duration, or 

repeatedly. The drop-off for the last three sites is steep. La Folie has an average density of 6 lithics/m
2
 

while Fresnoy has fewer than 4 lithics/m
2
. Both Villiers Adam and Le Prissé yielded less than 1 lithic/m

2
.  

 Considering only artifact density, one could conclude that Bossuet had the longest occupation 

and highest number of reoccupations and Le Prissé the shortest occupation and the fewest number of 

reoccupations. If we hypothesize that site area also correlates with the number and duration of 

occupations, the picture becomes more complicated. Villiers Adam has the largest site area while La 

Folie has the smallest. In terms of artifact density, both sites would be low on the spectrum of 

occupation intensity. Site area is more problematic than artifact density, because it is heavily influenced 

by excavation strategy. Furthermore, one might argue that because site area is used to compute artifact 
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density, it need not be considered on its own. While it should be used with caution, site area could 

potentially help to distinguish between a single occupation of long duration and a number of 

reoccupations. This is because subsequent occupants of the site might choose to occupy an area that 

might be adjacent, but not on top of, debris from previous inhabitants. Indeed, in Yellen’s (1977) study 

of the !Kung, he found that reoccupations often occurred near, but not on top of, prior occupations. The 

purpose of this was to avoid insects that may have been attracted to the abandoned debris and, also, to 

be closer to untouched food resources in the immediate area. These, of course, would only be factors 

for occupations that occurred relatively quickly after the initial occupations; reoccupations separated by 

more time may also be centered in an adjacent area but simply to exploit the clear, uncluttered space.  

 

7.2 Artifact density and tool-to-flake ratio 

 Artifact density is heavily impacted by whether or not the site was provisioned with raw 

materials. Debris generated during one thirty-minute bout of core reduction could quickly overwhelm 

evidence of other activities that took place over much longer periods of time. This is the premise behind 

studies that plot artifact density against tool-to-flake ratio (Clark 2015; Kuhn 2004; Kuhn and Clark 2015; 

Riel-Salvatore and Barton 2004; Riel-Salvatore et al. 2008). The reasoning is as follows: if groups 

occupied the site for only short periods of time, they might not leave behind many artifacts, but what 

they would leave behind would be weighted toward finished tools that they had brought with them. A 

group staying at the site for a longer period of time may also leave exhausted tools, but, in addition, 

they would likely provision the site with raw materials (if available), and material accumulated through 

core reduction would quickly overwhelm the discarded tools. Artifact density and tool-to-flake ratio 

therefore are expected to show an inverse relationship, with low density/high retouch assemblages 

indicating short occupations, and high density/low retouch assemblages indicating longer occupations. 
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The relationship does appear to hold for a wide range of Middle and Upper Paleolithic sites (Kuhn 2004; 

Riel-Salvatore and Barton 2004; Riel-Salvatore et al. 2008), though not for the Lower Paleolithic 

assemblages that have been examined to date (Clark 2015; Kuhn and Clark 2015). 

While the relationship between tool-to-flake ratio and artifact density seems to be mainly 

conditioned by duration of occupation in most situations, it can also be influenced by a number of other 

factors. Primary among these factors is site function. Most of the localities that have been used to 

compare artifact density with tool-to-flake ratio are cave and rockshelter sites (except for Riel-Salvatore 

et al. 2008 who considered both rockshelter/cave sites and open air sites). Cave and rockshelter sites 

were chosen by ancient hunter-gatherers because they provide shelter. Some shelters may have also 

been adjacent to other resources, but nevertheless the primary resource exploited at cave and 

rockshelter sites was shelter. In the case of open air sites, however, a wide range of potential resources 

may have attracted hunter-gatherers to a particular location. Proximity to water and/or food resources 

would be at the top of this list, but so would lithic raw materials, as well as landscape visibility. Because 

the main reason to stop at a rockshelter is to seek shelter, artifact density compared with tool-to-flake 

ratio would be a good measure of time. In other words, as time progressed, the likelihood that lithic raw 

materials would be brought to the shelter and worked there would increase. If the main attraction of a 

place was proximity to lithic raw materials, perhaps coupled with other factors, we might expect a 

different pattern. In this scenario, the site’s occupants may have paused long enough to reduce a few 

cores but not long enough to leave significant debris from other events, such as discarded tools. This 

type of behavior may have been repeated during a number of occupations, so that the number of 

artifacts may have risen but the accumulation would remain diffuse, without a high density 

concentration. This could be expected for sites such as Fresnoy and Villiers Adam. Both of these sites are 

situated upslope in a dry valley, where one could presumably have a good view of the landscape, and 

both sites have immediate access to raw materials. These locations would be attractive for hunter-
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gatherer groups, but they would not have the same draw, and therefore not produce the high densities, 

as the high quality and abundant flint sources such as at Cantalouette.  

 Based on the scenario above, we might expect open air sites to yield a different pattern because 

we cannot assume the same function (i.e. a residential occupation) as we can for most caves and 

rockshelters. It can also become more difficult when comparing different sites because artifact density is 

so strongly influenced by factors such as area occupied, something that is particularly problematic when 

dealing with open air sites that usually have no physical boundaries. In addition, all of the sites in this 

sample are in close proximity (or directly on top of) high quality raw materials. With these caveats in 

mind, table 7.2 contains retouched tool-to-flake ratio to be compared with artifact density for the sites 

in this analysis and figure 7.1 plots these variables against each other. Cantalouette has the lowest tool-

to-flake ratio, followed by Fresnoy and Bettencourt. La Folie has the highest tool-to-flake ratio. Bifaces 

and cleavers were excluded from the tool count at Le Prissé (the only site that contains such objects) 

because they function on a different trajectory as the other tool forms and because only one site 

contains them so they could skew the analysis.  

 # Lithics # Tools  Tool-to-Flake  

Ratio 

Overall Density 

(lithics/m
2
) 

Le Prissé 870 26 .035 0.81 

Bossuet 15,797 389 .033 69.29 

Bettencourt 5729 75 .014 25.13 

Cantalouette 15,404 83 .005 54.62 

La Folie 1262 40 .042 6.10 

Fresnoy 4270 29 .007 3.74 

Villiers Adam 1619 39 .028 0.84 

Table 7.2 Total number of lithics and tools as well as the tool-to-flake ratio and artifact density for each 

site. Hand axes and cleavers were not counted in the “tool” category.  
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Figure 7.1 Tool-to-flake ratio (y-axis) plotted against artifact density (x-axis) for each site in the analysis.  

 

When the two variables are plotted against each other, they do not produce a significant 

relationship, but the sites do align themselves reasonably well from Le Prissé and La Folie in the upper 

left and Cantalouette in the lower right. In fact, they almost form two parallel lines, one with La Folie 

and Bossuet, and another line with the remaining sites. La Folie and Bossuet both have high tool-to-flake 

ratios. In fact, if one were to lower the number of tools in these sites, they would fit perfectly within the 

alignment of the other sites in the analysis. However, the reality is that all of these sites have very low 

tool-to-flake ratios. The sites analyzed by Riel-Salvatore and colleagues (2008) included a sample of 44 

stratigraphic units from open air and cave/rockshelter sites. The mean tool-to-flake ratio was 0.23, with 

a range from 0.02 to 0.64. The open air sites in the sample were mainly clustered to the low end of the 
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range but their mean was still 0.15, which is higher than all of the sites in this study. This pattern could 

indicate that the functions of my subject sites are different than those that have been previously been 

studied by this method. Alternatively, it could be that the availability of raw materials resulted in very 

low tool frequencies because lithics simply did not need to be maintained or resharpened through 

retouch. Furthermore, as was suggested above, close proximity to raw materials would simply result in a 

much lower ratio of tools to lithic debris because the debris would be created at a much higher rate 

than at sites located a greater distance from raw material sources. The close availability of raw materials 

made these attractive locales to stop. The site occupants could exploit the available raw materials and 

also make use of other hunting and foraging opportunities that happened to be located in the vicinity. In 

other words, because raw materials were so readily available, the burden of provisioning the site with 

raw materials, even for relatively short term stays, was very low, and therefore the relationship between 

tool-to-flake ratio and artifact density simply does not function in the same way.  

 

7.3 Distribution of density 

Because of its small, concentrated scatter with a high number of refits, La Folie is perhaps one of 

the best examples of a single component occupation for the Middle Paleolithic sample used in this 

study. Why then is its overall artifact density higher than Le Prissé, Villiers Adam, and Fresnoy? Common 

sense dictates that higher density should equal longer occupations. However, in the case of overall 

artifact density, some caution should be used. La Folie has the smallest area of all of the sites in this 

study. This is largely because it lacks the low density scatter of lithics that litter most of the land surfaces 

where the other sites are located. For example, the central area of Le Prissé, which contains most of the 

artifacts, is about 250 m
2
; just over the site area of La Folie (207 m

2
), but its total site area, which 

includes a large low density scatter, is 1075 m
2
. It is therefore interesting to compare sites using the 
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densest squares per site rather than an average of the density for the entire site (table 7.3). When 

comparing the sites based on densest square, La Folie remains in its same position relative to the other 

sites; however, Fresnoy and La Folie now appear to be very similar. The main difference is that Fresnoy 

occupies a much larger area and therefore its total artifact assemblage is more thinly distributed than at 

La Folie. 
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 Densest square (# lithics) 

Le Prissé 66 

Villiers Adam 108 

Fresnoy 183 

La Folie 189 

Bettencourt 225 

Cantalouette 443 

Bossuet 527 

Table 7.3 Number of lithics in the densest square for each site.  

 

 Number of lithics in 1 m
2
 of site’s grid Squares with 

30+ lithics 1-3 4-6 7-9 10-12 13-15 16-18 19-21 22-24 25-27 28-30 

Le Prissé 85% 7% 3% 1% 1% 1% 0% 0% 0% 1% 1% 

Villiers Adam 82% 15% 1% 1% 0% 0% 0% 0% 0% 0% 1% 

Fresnoy 54% 18% 11% 7% 4% 2% 1% 1% 0% 0% 1% 

La Folie 75% 9% 5% 1% 0% 1% 1% 0% 1% 1% 6% 

Bettencourt 50% 19% 6% 5% 3% 2% 1% 2% 2% 1% 9% 

Cantalouette 9% 7% 5% 2% 2% 3% 3% 5% 2% 2% 61% 

Bossuet 12% 9% 6% 4% 5% 2% 2% 5% 1% 2% 52% 

Table 7.4 Percentage of squares containing lithics divided into bins of three (associated with figure 7.2). The column to the right shows the 

percentage of squares that contain more than 30 lithics. 
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Figure 7.5 Simplified version of the density histogram presented in Chapter 4. The x-axis depicts the 

number of lithics in each square in bins of three, while the y-axis shows the percentage of squares that 

contain that number of lithics. The percentage presented in the final column of the x-axis counts all 

squares with more than 30 lithics per square.  

 

To examine the distribution of density further, figure 7.5 and tables 7.3 and 7.4 display a 

different version of the density distribution histograms presented in Chapter 4. In figure 7.5 and table 

7.4 the square contents have been placed in bins of three, and the final column counts all squares with a 

density greater than 30 lithics/m
2
, in order to facilitate comparison. The distribution of the seven sites is 

very telling, with Le Prissé, Villiers Adam, and La Folie grouping together, Bettencourt and Fresnoy 

forming another group, and Bossuet and Cantalouette at their own extreme end of the spectrum. 

Bossuet and Cantalouette have very evenly distributed densities and do not display the fall-off from a 

high percentage of low lithic contents that the other sites do; on the other hand, more than half the 

squares at these sites contain more than 30 lithics (table 7.4). Bettencourt and Fresnoy have a higher 

number of squares containing just a few lithics, but their densities are more spread out than is true for 

the last three sites in the sample. La Folie, Le Prissé, and Villiers Adam all have a very high percentage of 
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their area represented by a very low density scatter while most of their artifacts are clustered in just a 

few square meters. When we examine table 7.4, however, we can see a slight change in these 

groupings. For three of the sites, only one percent of the squares have contents greater than 30 lithics. 

These sites include Le Prissé, Villiers Adam, and Fresnoy, instead of La Folie. La Folie is instead grouped 

with Bettencourt, with six percent and nine percent of their respective square meters having contents 

greater than 30. At both Bossuet and Cantalouette over half of the squares (52 percent and 61 percent, 

respectively) contain more than 30 artifacts. This pattern indicates that La Folie and Fresnoy do not fit 

neatly into a grouping with the other sites. La Folie has some very high density squares and Fresnoy has 

a very evenly spread density, but without the high density clusters that are characteristic of sites with a 

similar density distribution.  

When considering number and length of occupation, there are two ways of integrating artifact 

density: the overall artifact density combined with the densest square and the distribution of that 

density. One could hypothesize that the longer a site is occupied, the higher the density. In the course of 

a long, continuous occupation, it might be more likely to contribute density to already dense locations. 

For example, continuing to knap in the “knapping area” and continuing to sleep in the cleared “sleeping 

area”. However, as Yellen observed, when a site is reoccupied, the group might choose to perform their 

activities in spaces nearby, but not on top, of areas already utilized. Therefore, a site with a more evenly 

distributed density might indicate reoccupation, whereas a site with a few very high density locales 

might indicate a long, but single, occupation.  

There is, of course, a large difference in time depth between Yellen’s discussion of site 

reoccupation and potential examples in this dataset. We simply have no way of knowing how much time 

elapsed between each reoccupation of a Paleolithic site, particularly when the reoccupations are 

superimposed without a sedimentary interlude. We might, however, be able to distinguish between 
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shorter and longer spans of times between visits. If a group came back to a site utilized by them 

recently, they might have a greater tendency to reuse the existing infrastructure because it would be 

part of their collective memory. However, if the group stopped at a site that had been abandoned for a 

longer period of time, they might not necessarily recognize the infrastructure, or it might be familiar 

only to older group members. In this case, the group might choose to configure their spatial 

arrangement differently. On the other hand, a group occupying a site for a long period of time would 

find it in their best interest to continue to add to debris piles already in place so as to maintain 

designated work areas, and to keep open areas free of debris. 

 Rank: Densest square Rank: Density evenness  

Le Prissé 7 7 

Bettencourt 3 3 

Bossuet 1 2 

Cantalouette 2 1 

La Folie 4 5 

Fresnoy 5 4 

Villiers Adam 6 6 

Table 7.5 Ranking of sites in terms of densest square and the evenness of density. The densest square is 

based on table 7.3 and the evenness of density is an impressionistic measurement based on the 

percentage of squares that contain 1-3 lithics, found in figure 7.5 and table 7.4. 

 

In table 7.5 I have ranked the sites according to the densest square (from highest to lowest) and 

from the most evenly distributed density to least. These rankings should roughly indicate the relative 

duration and number of occupations for each site. The densest square could be a rough proxy for 

duration of occupation and the “evenness” of the density could be a rough proxy for number of 

occupations. These can only serve as rough guides, however, and one should take into consideration 

other types of data. For example, Villiers Adam does not have a very evenly spread density; it has a very 

large site area with many isolated areas of high density, separated by large spaces low in density. Here, 

site position on the landscape could play a part. If we pursue my contention that a group reoccupying 

the site might target empty areas, then an alternative option would be to simply move a few tens of 
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meters away instead of filling up the empty spaces within the previously occupied area. This may have 

occurred at Villiers Adam, with its spatially segregated concentrations of lithics. For the other sites, 

where reoccupations took place within existing debris, one must assume that there was a specific 

attraction at that particular location. For open air sites, many of these attractive features may be long 

gone. These attractions could include the distribution of foliage for shade or wind break, or a clearing. 

Other attractive features might be a flat place or a good view. Perhaps at Villiers Adam, the immediate 

area was more topographically homogenous than the other sites so this led to more diffuse 

reoccupations. A second possibility would be that Villiers Adam was not reoccupied, but it was simply 

occupied by a larger group that took up more space.  

In order to explore this idea further, and to examine whether the larger sites are simply made 

up of many smaller sites, such as at La Folie, I have extracted a 14 by 16 m sample of each site so that 

they can be compared at equivalent scales. This particular size is the area that contains the main scatter 

from La Folie. I excluded Cantalouette and Bossuet from this exercise because since they are uniformly 

high density, the results of this exercise would simply replicate the results for the site as a whole. I 

focused this sample on parts of each site that might be a good comparison to La Folie. For Bettencourt, I 

chose two samples, one from the very high density sector 3 and the other from the lower density sector 

2, whose overall structure was more similar to La Folie. I then calculated a density distribution of each 

sample, just as I did for the entire sites above. Table 7.6 depicts the breakdown of square meters and 

their lithic contents into bins as I did for table 7.4. In order facilitate comparison between tables 7.4 and 

7.6, I have excluded the zeros and converted the numbers to percentages.  
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 Number of lithics/m
2
  

30+ 1-3 4-6 6-9 10-12 13-15 16-18 19-21 22-24 25-27 28-30 

La Folie 60% 15% 8% 2% 0% 1% 2% 0% 1% 1% 11% 

Fresnoy 51% 18% 9% 8% 5% 4% 1% 1% 1% 0% 3% 

Villiers Adam 88% 6% 2% 3% 0% 0% 0% 0% 0% 1% 1% 

Le Prissé 71% 11% 7% 2% 2% 2% 1% 1% 0% 1% 1% 

Bettencourt, sector 2 54% 24% 3% 3% 4% 1% 1% 1% 1% 0% 9% 

Bettencourt, sector 3 13% 18% 11% 11% 4% 3% 3% 5% 4% 3% 23% 

Table 7.6 Percentage of squares that contain certain number of lithics, divided into bins. This was 

computed for a 14 by 16 m
2
 sample for each site.  

 

The most significant difference between the distributions of artifacts within the sub-samples 

compared to the sites as a whole is a lower percentage of squares that contain 1-3 artifacts. This is 

expected given that the samples target higher density areas. At this scale, La Folie looks much more 

evenly distributed, with 60 percent of the squares containing 1-3 lithics and 11 percent of the squares 

containing more than thirty lithics (though these exclude squares with no artifacts). The sub-sample 

from Fresnoy looks very similar to the distribution of lithics across the entire site. This pattern again 

speaks to the relatively even distribution of artifacts within that site. Villiers Adam is the only site whose 

percentage of squares with contents between 1 and 3 did not decrease; instead it increased to 88 

percent. Otherwise, the distribution looks very similar to the entire site. This indicates that our 

perception of Villiers Adam’s unique site-wide artifact distribution is not distorted by scale; the site 

simply has a repetitive, low density site structure. The sub-sample from Le Prissé essentially excluded 

the large, low density area in the southern portion of the site, and zoomed in on the two concentrations 

of artifacts to the north. This made the distribution of artifacts much more similar to the site-wide 

distribution at La Folie. In fact, if the squares with no artifacts are included, the distribution of artifacts 

in the samples from Le Prissé and La Folie look nearly identical. The only difference is that La Folie has 

more squares containing 30 or more artifacts and has fewer squares with no artifacts. This pattern 

indicates that the distributions of artifact densities are similar but the dense concentrations at La Folie 

are much denser than at Le Prissé. This situation is very reminiscent of the hypothesis that was 
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proposed earlier, that a continuous occupation would likely accumulate density within the existing 

structure. This means that La Folie and Le Prissé might both single occupations, but La Folie was simply 

occupied for a longer period of time.  

The distribution of artifacts within the two sub-samples from Bettencourt show different 

patterns. The sample from sector 2 looks very similar to the distribution of artifacts within the site as 

whole; a fairly even distribution of density but still with a large fall-off after 6 lithics/m
2
. Sector 3, on the 

other hand, is more evenly distributed, with many more squares containing larger quantities of lithics, 

very similar to this distribution found at Bossuet and Cantalouette (from table 7.4).  

This exercise did not produce any great surprises; only that the patterns of artifact distribution 

that we see at the site wide scale are usually replicated at smaller scales, particularly for the sites whose 

artifact distribution is highly repetitive, like Fresnoy and Villiers Adam. This is not the case for 

Bettencourt. Bettencourt, particularly sector 3, is very dense and this density is accentuated by the 

erosional channels that segregate the sectors. It creates a more abrupt fall-off in artifact densities than 

would be seen for a site with more natural boundaries. The same pattern is true for Bossuet and 

Cantalouette. These sites have much more abrupt boundaries, caused in part by excavation methods 

and by topographic irregularities. Furthermore, for these sites, the presence of raw materials caused 

groups of people to continually occupy the same high density areas. For a site such as Bettencourt, as 

artifact density increased, it too could have attracted groups in the similar manner, except that in this 

case the raw material source was human-made.  
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7.4 Number of high density concentrations 

 The number of high density locations could provide a relative assessment of number of 

occupations and/or group size. This indicator is achieved by counting the number of high and medium 

density clusters identified using the density contour analysis. Recall that for this analysis, the high 

density zones are identified at each particular site, rather than at all seven sites. In other words, the high 

density zone at Villiers Adam will not be equivalent in density to the high density zone at Cantalouette. 

For most sites the high density areas were easy to distinguish, as they stood out starkly from 

comparatively empty zones. This was not the case with Cantalouette and Bossuet since these two sites 

have high densities throughout.  

 # High density clusters High density area/total site area # Medium density clusters 

Le Prissé 2 2.9% 4 

Bossuet 5 13.3% 4 

Bettencourt 4 2.3% 4 

Cantalouette 4 5% 6 

La Folie 2 4.3% 5 

Fresnoy 9 9.5% 3 

Villiers Adam 4 2.1% 14 

Table 7.6 Number of high density clusters at each site, the percentage of the site made up of high 

density areas, and the number of medium density clusters (which often surround the high density 

clusters). These were distinguished by using density maps and contours in ArcGIS (see chapter 4). 

 

I have included the percentage of the site made up of high density zones and the number of 

medium density zones (which generally surround the high density areas, but not always). This 

information gives a general idea of how artifacts are distributed and how many “hot spots” are present. 

Taking into consideration both the high and medium density clusters, for example, Fresnoy and Villiers 

Adam have a particularly high number of artifact concentrations. This evidence supports the idea that 

these two sites were reoccupied on many occasions. Cantalouette and Bossuet were also likely 

reoccupied on many occasions, which is evident due to their extremely high overall density.  
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 Both La Folie and Le Prissé have only two high density clusters each and five to four medium 

density clusters. These two sites make an interesting contrast because the high density clusters for La 

Folie are spatially constrained with an area of only 8.82 m
2
. Le Prissé, on the other hand, has a much 

larger high density area of 31.34 m
2
 that complements its overall larger site area. In addition, the 

densest square at Le Prissé has only 66 lithics whereas La Folie has 183 lithics in its densest square. Are 

the artifacts at Le Prissé more spread out due to post-depositional movement or is this an accurate 

representation of human behavior? Although the lithics at Le Prissé could have become more spread out 

through sheet wash or reuse of the land surface, it is still safe to conclude that Le Prissé has a less 

“intense” occupation than La Folie because it has fewer total artifacts. The total lithics for La Folie 

numbers 1,262 and Le Prissé only contains 870 lithics over a much larger area and probably 

encompassing a certain number of lithics that are not associated with the primary occupation (the 

hypothesized “background scatter”). If the lithics were simply moved through post-depositional 

disturbances, one would expect that their number would not be diminished, only that the high density 

areas would be more diffuse. This scenario could have taken place at Le Prissé; it does not show 

concentrated density like La Folie, but it also has a fewer total lithics. Therefore, Le Prissé could have 

experienced some post-depositional disturbances but, even so, it likely experienced a shorter duration 

occupation than La Folie.  

 

7.5 Percentage of refits 

 Another way to assess the relative number of occupations at a site is to examine the percentage 

of the assemblage refit. The number of refits achieved at a site can be influenced by a number of 

factors, including the size of the assemblage, post-depositional disturbances, and the amount of time 

archaeologists dedicate to the task. However, it will also be influenced by the number of occupations 
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and the time spent at the site because the more time a group spends at a place, the more the group 

members rearrange the lithics already present, bringing in and taking away artifacts, making the job of 

refitting more difficult. Like the other lines of evidence discussed in this chapter, the refit percentage 

cannot be used to assess the number of occupations on its own. Nevertheless it can be used as one of 

several lines of evidence. 

 Percent of assemblage included in a refit 

La Folie  38% 

Le Prissé 20% 

Bettencourt 14% 

Cantalouette 10% 

Fresnoy 9% 

Bossuet 5% 

Villiers Adam 4% 

Table 7.7 Percentage of the assemblage involved in a refit for each site.  

 Table 7.7 orders the percent of the assemblage that is refit from highest to lowest by site. 

Unsurprisingly, La Folie is at the top of the list with 38 percent. In fact, if one only considers lithics 

greater than 2 cm, then 62.5 percent of the assemblage is refit, which is very high. Le Prissé has a fairly 

high refitting percentage, as does Bettencourt, but the refit percentages steadily decline from there, 

with Villiers Adam only having four percent of its assemblage involved in a refit. If we follow the logic 

discussed above, La Folie should have the fewest number of reoccupations and Villiers Adam should 

have the most. These two ends of the continuum seem to fit expectations. However, it is hard to say 

whether Villiers Adam experienced more reoccupations than Cantalouette or Bossuet, the two lithic 

quarry sites. At Cantalouette 10 percent of the large assemblage could be refit, a percentage larger than 

Bossuet, which also has an assemblage with more than 15,000 lithics. Does this mean that Cantalouette 

was formed by fewer reoccupations than Bossuet? While Cantalouette likely experienced multiple 

reoccupations, the number might be somewhat distorted due to the extraordinarily high artifact density. 

A workshop quarry site should exhibit exaggerated artifact density simply as a byproduct of its function. 
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Following this reasoning, perhaps Cantaloutte experienced a similar number of reoccupations to 

Fresnoy, which has nine percent of its assemblage refit. However, the importance of short duration 

occupations will be amplified at the quarry/workshop sites because a group could easily stop at the site 

for only a few hours but still produce a large amount of debris. At any other site, an occupation of a few 

hours would likely only leave a few pieces of debris from tool resharpening or a few removals from a 

core already present or brought in. An occupation at a lithic quarry would also produce many refits 

within a small area because the products of core reduction would likely be removed from the site and 

not used in other areas. This is the case for Cantalouette, in that 77 percent of its refitted assemblage 

falls into refitting group 1 (members of a refitting set found within 1 m of each other). This hypothesis 

will be explored further in the following section. 

 

7.6 Distribution among refitting groups 

 The division of refitted assemblages into refitting groups 1, 2, and 3 can also be used to assess 

duration and number of occupations. I hypothesized earlier that the longer a site was occupied, the 

more scattered and mixed the debris would become. This reorganization of material through reuse can 

be seen in refitting group 2, which is defined as displacement between 1 and 3 m from the location of 

knapping. Groups 1 and 3 are more likely to be the product of intentional actions. The lithics in group 1 

are the direct result of core reduction while the lithics in group 3 were moved more than 3 m from the 

knapping locale, which is not likely the result of arbitrary movement by individuals or by post-

depositional disturbance.  
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Group 1 Knapping Zone Knapping refuse Anthropogenic 

Group 2 Adjacent Use Zone Activity use 

Geologic Processes 

Site reuse 

Anthropogenic  

Geologic 

Group 3 Disconnected Zone Activity use 

Movement of knapping area 

Anthropogenic 

Table 7.8 Formation processes for each refitting group.  

 

Table 7.8 outlines the potential processes that led to the formation of each refitting group. 

Random forces could also play a part in the formation of each refitting group but they should be 

secondary to the anthropogenic and natural processes depicted above. This table indicates that group 2 

might form not only from activities that take place adjacent to the knapping area, but could also be a 

result of artifact movement due to site reuse. The effects of reuse include trampling or kicking artifacts, 

pushing artifacts aside to clear a comfortable place, and child’s play. These behaviors occur at every site 

but likely only have a significant impact at a site that is occupied for a longer duration. Equally important 

in the formation of refitting group 2 are post-depositional processes such as movement due to colluvial 

or fluvial processes.  

 Group 1 Group 2 Group 3 

Le Prissé 51% 26% 22% 

Bettencourt 58% 31% 9% 

Bossuet 47% 29% 24% 

Cantalouette 77% 14% 8% 

Fresnoy 51% 27% 22% 

La Folie 69% 19% 8% 

Villiers Adam 81% 13% 6% 

Table 7.9 Division of sites into three refitting groups.  
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 The sites with the highest percentages of group 2 refits are Bettencourt, Bossuet, Fresnoy, and 

Le Prissé. The elevated group 2 percentages at Bossuet and Le Prissé could be due to post-depositional 

processes rather than site reuse. Bossuet, for example, is already suspected to have experienced both 

colluvial and fluvial movement of artifacts. In addition, Le Prissé was situated on a stable land surface 

and therefore the lithics would have been affected by sheet wash or use of the area by other humans or 

animals.   

The percentage of refits in group 2 at all sites fall within a fairly tight range, with the exception 

of Cantalouette and Villiers Adam. At both of these sites a very large part of their refitted pieces make 

up group 1, which could explain the smaller percentage in group 2. However, as was discussed earlier, a 

large number of refits that are within 1 m of each other could indicate that many products were 

removed from the site entirely. This makes sense when we consider the main function of the site, 

particularly in the case of Cantalouette (a quarry/workshop). At Villiers Adam, this could also be the case 

because the density is low and spread out with little interconnectivity between clusters, indicating that 

there were likely many repeated occupations, and lithics may have been exported for use elsewhere. 

 

7.7 Synthesis, and the question of group size 

 After examining each of these indicators individually we have developed a very good sense of 

which sites may have been occupied for longer periods of times, which may have been occupied 

repeatedly, and which may have been the location of only a single, short term occupation. Many of the 

explanations that I have given for where each site falls within the continuum for each particular 

indicator are hypothetical and through future research we may find that some of the assumptions 

behind them are not justified. However, because so many indices have been incorporated in this 

assessment of occupation duration and frequency conclusions based on the totality of the evidence rest 
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on a firm foundation. We can now bring together all that has been discussed in this chapter, and place 

the sites on a two-dimensional continuum with occupation duration on one axis and number of 

occupations on the other (figure 7.6). But first, we will go over the results from the indicators as outlined 

in table 7.10. Here, I have listed each indicator discussed in the chapter, how it relates to the number 

and length of occupations, and the outcome for each particular site. The final column, to the far right, 

lists exceptions to these generalizations, and the indicators most influenced by these exceptions are in 

red type. In the final row, I have listed the results of these indicators. For this, I summed up the 

indications for each site, discounting those in red type (and therefore subject to the exceptions). For 

example, Le Prissé has one indicator that points to a short duration occupation and three indicators that 

point to a small number of occupations. Its large site area indicates that it had many occupations, but I 

have marked this as an exception because the background scatter creates a much larger site area than 

the primary occupation. The results for tool-to-flake ratio compared against density were discounted for 

all of the sites because the easy access to raw materials, a characteristic of all sites, distorted this 

relationship. Finally, at Le Prissé the percentage of refitted pieces that make up group 2 is high, which 

can be an indicator of reoccupation. I have discounted this result as well because the artifacts at Le 

Prissé were likely moved to some extent by sheet wash. In this case, I considered the extremely low 

quantity of artifacts to overrule the conclusion that Le Prissé was occupied for a long period of time.  

 The results summarized in this table informed the placement of the sites on the continuum 

depicted in figure 7.6. The two raw material sites, Bossuet and Cantalouette, did not follow the 

indicators as well as other sites, but they are a special situation. In most cases, for example, a high 

density indicates significant time has passed simply because of the time investment involved in 

transporting raw materials. For the quarry sites, the central reason for choosing that spot on the 

landscape is because the raw materials are already there. Therefore, the function of these sites explains 

their position on the continuum. 
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Le Prissé Bettencourt Bossuet Cantalouette La Folie Fresnoy 

Villiers 

Adam Exceptions 

Site density 

Higher density, 

longer 

occupation Short Long Long Long Medium Medium Short On top of raw materials 

Site area 

Larger area, 

more 

occupations Many Several Few Few Few Many Many 

Artificial site edges 

(topography, background 

scatter)  

Tool-to-flake 

ratio + 

artifact 

density 

Higher T/F + low 

density, more 

short 

occupations 

Many + 

Short Few + Long 

Many + 

Short Few + Long 

Many + 

Short Few + Long 

Many + 

Short 

Distorted by access to 

raw materials 

Distribution 

of density 

More evenly 

spread, more 

occupations Few Several Many Many Few Several Few Over a large area 

Number of 

clusters 

More clusters, 

more 

occupations Few Several Several Several Few Many Many Too dense to distinguish 

Refit 

percentage 

More refits, 

single occupation Few Several Many Several Few Several Many 

Distribution 

among 

refitting 

groups 

Higher 

percentage in 

group 2, longer 

occupation Long Long Long Short Medium Long Short Geologic disturbance 

Results 

Few, 

Short 

Several, 

Long Many 

Several/many, 

Short 

Few, 

Medium 

Several/many, 

Medium/long 

Many, 

Short 
 

 

  

Table 7.10 Synopsis of the results of the different indicators discussed in this chapter. The results most biased by the exceptions (far right 

column) are indicated in red and were not considered in the “results” row.   
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Figure 7.6 Hypothesized position of sites on two vectors: number of occupations, and duration of 

occupations.  

 

 Le Prissé and La Folie are found in the lower left of this hypothetical graph in the area that 

represents fewer occupations and shorter duration occupations. Both of these sites have only two high 

density clusters and a high percentage of the assemblage is refit. La Folie is the lowest site on the y-axis 

because many lines of evidence suggest that it represents a single occupation. The main occupation at 

Le Prissé was also likely a single occupation; however there is a background scatter of material that likely 

represents other (very brief) visits to that location on the landscape. La Folie was placed to the right of 
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Le Prissé on the x-axis because it has a greater number of artifacts and these artifacts are concentrated 

in patches of much higher density than at Le Prissé.  

 In the opposite corner of the graph lie Bossuet and Cantalouette, sites that likely were occupied 

repeatedly and for a longer duration. It is evident that these sites were the locations of multiple 

occupations, as we would expect for lithic quarry/workshop. However, the fact that both of these sites 

have many long distance refits, and are not simply composed of spatially bound refitting groups with 

missing “preferential” pieces, suggest that there may have been some longer duration occupations 

involving activities other than basic blank production. The movement of lithics to other parts of the site 

indicates that the occupants were spending some time there. Furthermore, although archaeologists 

tend to assume that lithic quarry sites were localities utilized only for brief visits, there does not seem to 

be any concrete evidence to support this. Cantalouette and Bossuet were not located in unfavorable 

locations. Cantalouette is located within easy access to the Dordogne River, as is Bossuet to the Isle. As 

we all know, rocks are very heavy so as long as there were food and water resources nearby, these 

quarry sites may have been an attractive place to stay for a while. Nonetheless, many of the occupations 

likely were quite brief and may have contributed a disproportional amount of debris to the assemblage, 

which dominated the pattern generated from the site.  

 On the continuum, I have placed Bossuet to the upper right of Cantalouette because its density 

is higher and it shows a greater percentage of longer distance refits. This pattern implies that it was 

subject to more occupations and many of them may have been of longer duration. The position of 

Cantalouette and Bossuet on this chart is more speculative, others may choose to place them high up 

above the other sites on the y-axis to signify many repeated occupations. However, it is important not to 

pigeonhole lithic quarry sites into one particular occupation type. These locations were nodes on the 



 
 
 

228 
 

landscape and attracted many visits. Likely, a wide range of behaviors took place at these sites, though 

much of the “signal” may come from many brief core reduction events.  

 Bettencourt is situated in the middle of the chart, in between Le Prissé/La Folie and 

Cantalouette/Bossuet. The site has a high artifact density overall with some very concentrated 

accumulations of lithics, which suggests a longer duration of occupation. Its densest square contains 225 

artifacts and all of sector 3 is very dense, with three high density patches surrounded by a large medium 

density area. There is also some evidence to suggest that this site was subject to multiple occupations. 

First, the site is made up of the three sectors, with only one refit between them. Although the erosion 

that separated the sectors took place after the site was abandoned, one would still expect more 

connecting refits. Second, the main concentration of blade production was found in sector 2, while 

sector 3 was dominated by flake production. This evidence strongly supports the theory of multiple 

occupations.  

 Fresnoy and Villiers Adam are interesting sites to contrast with the others because they exhibit 

low artifact densities and large areas. Villiers Adam, in particular, covers an area of 1,928 m
2
 with only 

1,619 lithics. These lithics are concentrated into four high density concentrations, and ten isolated 

medium density patches that do not encircle the high density patches. Between these concentrations is 

a very low density scatter of artifacts, with an average artifact density of 0.35 lithics/m
2
. The distance 

between the two most separated high density clusters is 43 m, which strongly suggests multiple 

occupations. Fresnoy is similar to Villiers Adam but it is shows a higher density overall with many more 

artifacts (4,270 total lithics). However, as we saw from the density distribution analysis, Fresnoy exhibits 

a much more evenly distributed density than other sites. Assuming that when a group revisits a site it 

will tend fill in empty spaces, creating a more evenly distributed density, the even density at Fresnoy 
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would suggest multiple visits. On the continuum, I have placed Villiers Adam in the upper left. Its 

densest square has more artifacts than Le Prissé’s so one of the occupations may have been longer 

duration than Le Prissé’s central occupation. All other indicators point to multiple, short-term 

occupations. Fresnoy is placed near Villiers Adam, but to the lower right because it likely had some 

longer duration occupations. Whether it should be equivalent to Villiers Adam in the approximate 

number of occupations, or even higher on that axis, is debatable.  

 The large areas and low densities found at Fresnoy and Villiers Adam bring up the question of 

group size. In particular, Villiers Adam contains multiple, spatially discrete artifact clusters. It is tempting 

to associate these clusters with different family units within one hunter-gatherer group. The common 

view is that Neanderthals lived in very small groups, much smaller than what we see ethnographically 

(Hayden 2012), although our view of Neanderthal group size may be biased by the sizes of 

archaeological excavations, which are usually under 50 m
2
 (Burke 2006; Hayden 2012). Furthermore, 

population densities are projected to be quite low for the Middle Paleolithic (Bocquet-Appel and 

Degioanni 2013; Mellars and French 2011), which would imply smaller group sizes. The recent genetic 

sequencing of a female Neanderthal from the Altai Mountains of Siberia supports the theory of small 

group sizes because it showed that her parents were half siblings and that inbreeding was common 

among her recent ancestors (Prüfer et al. 2014). One would expect that this level of inbreeding would 

only take place if there were no other alternatives. The average distance between high density clusters 

is 24 m at Villiers Adam, which is much greater than the 3-6 m distance between clusters Yellen found 

for the !Kung (1977). Furthermore, although only the densest sector was used in this analysis, Villiers 

Adam is, in fact, made up of multiple sectors distributed over quite a large area (Locht et al. 2003). This 

suggests that Villiers Adam was situated on a stable land surface that attracted many brief occupations 
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over a long period of time, and was not the result an occupation by a large group. Recall also, that 

Villiers Adam was in close proximity to flint outcrops, which, while not as high quality as the Bergeracois 

flint from Cantalouette, would have still made it an attractive locality on the Middle Paleolithic 

landscape.  

 This study demonstrates how multiple lines of evidence can be used to “triangulate” on 

phenomena such as occupation duration and number of occupation in open air sites. None of these lines 

of evidence should be used alone, but together artifact density, the distribution of density, number of 

refits, position of the site on the landscape, and other related indicators, can help determine whether a 

site was formed through many short-term or a single long-term occupation. This kind of information can 

help us think more broadly about how Neanderthals utilized the landscape. The sites in this study 

suggest that Neanderthals regularly revisited attractive locations on the landscape, but many of these 

visits were brief. Furthermore, the sites in this study are heavily biased toward information relating to 

lithic production since no other materials are preserved. Many of these sites are only visible because 

they are in close proximity to a raw material source and, therefore, a significant degree of knapping was 

performed. Raw materials are ubiquitous in many parts of France so although proximity to raw materials 

was one factor conditioning the site location, there was certainly a wide range of other factors at work.  
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CHAPTER 8  

CONCLUSIONS 

 Intra-site spatial analysis is one of the most valuable tools in the reconstruction of past human 

behavior. As Henry (2012:264) argued, “archaeology is context, context, and context”. That context is a 

particular stratigraphic unit, but just as importantly, it is the location of the object in relation to others 

within horizontal space. This study had the fortune of utilizing seven sites, all of which were well suited 

for spatial analysis. Several inter-related methods were utilized in the analyses of spatial distributions of 

these sites. First, the overall structure was examined based on of the distribution of artifacts, where 

they were clustered, and how the density was distributed throughout the site. Next, each site was 

broken down into its spatial components by examining how particular lithic technological categories 

were distributed throughout zones determined by artifact density. Finally, the refitting analysis showed 

how artifacts were deposited, and in some cases redeposited, within each site. The results from these 

analyses were then combined in order to draw inferences about site function and duration/number of 

occupations. This final chapter brings all of the information garnered from these analyses together to 

see what it can say more generally about Neanderthal use of space, at the scale of the site and the 

larger landscape.  

 

8.1 Distribution of technological types: repeated patterns of behavior 

 The statistically significant results of studies of artifact frequencies in different zones are 

compiled in two tables in order to obtain an overarching assessment of the spatial distribution of 

technological categories throughout the sites (tables 8.1 and 8.2). These tables count the number of 
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cases in which specific types are significantly over or underrepresented in the refitting groups (table 8.1) 

and density groups (table 8.2). Table 8.3 combines these results to indicate whether the exhibited 

pattern for each technological category is mixed, weak, or strong and whether the pattern reflects over 

or underrepresentation of that category in general. A pattern is labeled “mixed” if there are results 

indicating that the particular category is both over and underrepresented in a particular zone, “strong” if 

there are multiple results pointing in one direction, or “weak” if there are only one or two results 

pointing in the same direction. The process of assigning a pattern also takes into consideration the 

number of sites that contained a particular class of artifact. For example, if only two sites exhibited 

significant results in one direction for “flake” this would be considered a weak pattern because all sites 

contain flakes. In contrast, for the category “blade” this would be considered a strong pattern because 

only three sites contained artifacts fitting the category “blade”. The color of the rows also indicates the 

strength and direction of the pattern. Artifacts that are overrepresented in refitting group 1 and the high 

density group are in blue while artifacts that tend to be overrepresented in refitting group 3 and the low 

density group are in red. The color intensity also gives information; the darker the shade of blue or red, 

the stronger the pattern.  

 The strongest patterns of differential abundance are seen in the technological categories of 

debris and cores. Debris are overwhelmingly found in refitting group 1 and the high density group while 

cores are heavily overrepresented in refitting group 3 and the low density group. It is both predictable 

and reassuring that debris are found in higher proportions in locations that we assume to be knapping 

centers. The results for cores, however, are unexpected, even more so because this is one of the most 

robust patterns to emerge from this study. All of the significant results show cores to be 

underrepresented in high density areas close to locales of production and overrepresented in the more 
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distant, low density areas. A number of factors could lead to this pattern, but most likely it comes down 

to the fact that cores are conspicuous objects. They are not only the source of tools and blanks, and 

therefore the subject of prolonged attention before being discarded, but they are also large and bulky. 

This would make them “special” for the knapper, for observers of the knapping (such as children), for 

someone looking for a heavy object to use as a hammer, and for a person clearing an area or even 

kicking something out of frustration. Most discarded cores retain some utility, so they could have also 

been moved to be utilized in another reduction event. Perhaps cores were moved in anticipation of a 

future knapping event, but the data do not show that this was often carried out. There are very few 

instances of spatially segregated reduction sequences among the seven sites used in this study. 

Segregated reduction sequences could be seen in the refitting analysis through two spatially segregated 

concentrations of the same refitting sequence, indicating that some knapping occurred in one location 

and then the core was moved to a second location. This pattern only occurred in a handful of cases in 

the sites in this study. This does not mean that this practice did not occur; only that it is not the main 

factor behind the patterning. The last refitting sequence is the easiest to refit, so spatially removed 

datasets are less likely to be found. In general, however, moving important pieces, such as cores and 

certain blanks, away from the refitting debris where they could easily be misplaced seems practical.  

 Maintenance flake, flake, and biface/cleaver categories also exhibit fairly strong patterns. The 

category “biface/cleaver” is labeled as strong throughout the groups because Le Prissé is the only site 

that contains this category of artifacts. The pattern for these artifacts at Le Prissé is clear. They are 

underrepresented in high and medium density groups and overrepresented in the low density group. 

The results for flakes are also straight forward. Four significant values find them to be underrepresented 

in the first group (high density/refitting group 1) of the two analyses, three values show them to be 
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overrepresented in the second group (medium density/refitting group 2), and two values show them to 

be overrepresented in the third group (low density/refitting group 3). This indicates that flakes are 

preferentially found away from the knapping areas. Maintenance flakes show a slightly weaker signal. 

The results from the first group are mixed with three significant results indicating overrepresentation in 

refitting group 1 and the high density group and one indicating underrepresentation in the high density 

group. There are no significant results from the second group of either analyses and the third group 

shows the opposite pattern as the first. This shows that there is some variability within this category, but 

for the most part, maintenance flakes were deposited in the same place as the reduction debris.  

 Levallois flakes and blades show similar trends to flakes, but the tendencies are more weakly 

expressed. Tools, interestingly, also exhibit this pattern, but their signal in refitting group 1 is mixed. All 

three significant results in the high density group indicate underrepresentation, but two of the three 

significant results in refitting group 1 indicate overrepresentation. Tools were, therefore, either not 

always moved away from the location where they were knapped, or were returned to these locations 

and discarded. Cortical flakes and partially cortical flakes show the opposite pattern to these 

“preferential pieces”; they are more likely to be overrepresented in first group of both analyses and 

underrepresented in the third. However, their signal is mixed and quite variable. The remaining 

technical categories either did not have any significant values associated with them, or only 

demonstrated a very weak pattern. 

 The results for these technological categories generally support the idea that Neanderthal sites 

are structured by a series of concentrated, overlapping activities within a restricted space. However, it 

also strongly suggests that the low density, outer areas of the site were also an important location for 

activities, perhaps of a special sort. Vaquero et al. (2012) note that in level J of Abric Romaní, lithic 
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pieces imported to the site as blanks are well represented in the low density areas. The current analysis 

found tools, cores, and to a lesser extent, flakes, blades, and Levallois flakes to be overrepresented in 

low density areas. This implies that something different was happening in these outer areas of the site, 

and they are not simply extensions of the same distribution of knapping debris.  

A common model of Neanderthal site structure advocated by many researchers describes 

overlapping activities, concentrated around one, or several, hearths (Henry 2012; Mellars 1996; Simek 

1987). La Folie is the only site to have a preserved hearth from this sample, but we could predict that if 

hearths were present in the other sites, they were likely located near, or within, the high density areas. 

The hearth at La Folie is located adjacent to one of the main concentrations of knapping debris (see 

chapter 5), as are the hearths in other Middle Paleolithic sites, including Abric Romaní (Vaquero et al. 

2012), Grotte Mandrin (Yvorra 2003), and Wallertheim A (Adler et al. 2003). Even if there are no 

preserved hearths at six of the seven sites discussed here, there is one or more “central concentrations” 

of debris, and each concentration represents many overlapping activities. Activities away from this 

central area are more difficult to reconstruct because they left behind variably preserved debris and are 

therefore easy to overlook. As pointed out in chapter 4 these areas could have contained accumulations 

of organic debris that are now missing.  
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Group 1 Group 2 Group 3 

Cortical flake Over 1 0 0 

 

Under 0 1 1 

Partially cortical flake Over 2 0 0 

 

Under 0 0 1 

Naturally backed flake Over 0 0 0 

 

Under 1 0 0 

Maintenance flake Over 2 0 0 

 

Under 0 0 2 

Débordant flake Over 0 0 0 

 

Under 1 1 0 

Debris Over 2 0 0 

 

Under 0 1 1 

Flake Over 0 0 1 

 

Under 1 0 0 

Levallois flake Over 0 1 0 

 

Under 1 0 0 

Blade Over 0 0 0 

 

Under 0 0 0 

Nodule Over 1 0 0 

 

Under 0 0 0 

Core Over 0 0 0 

 

Under 2 0 0 

Tool Over 2 0 1 

 

Under 1 1 0 

 

Table 8.1 Counts of statistically significant results, indicating either over or underrepresentation of the 

technological category, for the three groups of the refitting analysis. 
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High Medium Low 

Cortical flake Over 1 1 2 

 

Under 1 0 1 

Partially cortical flake Over 0 0 1 

 

Under 1 0 1 

Naturally backed flake Over 0 0 0 

 

Under 0 0 0 

Maintenance flake Over 1 0 1 

 

Under 1 0 1 

Débordant flake Over 0 0 0 

 

Under 0 1 0 

Debris Over 3 0 0 

 

Under 0 1 4 

Flake Over 0 3 1 

 

Under 3 0 0 

Levallois flake Over 0 0 1 

 

Under 2 1 0 

Blade Over 0 1 1 

 

Under 2 0 1 

Nodule Over 0 0 1 

 

Under 1 0 0 

Core Over 0 0 4 

 

Under 2 1 0 

Tool Over 0 0 3 

 

Under 3 0 0 

Biface/Cleaver Over 0 0 1 

 

Under 1 1 0 

 

Table 8.2 Counts of statistically significant results, indicating either over or underrepresentation of the 

technological category, for the three groups of the density analysis. 
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Refitting Group 1 + 

High Density Group 

Refitting Group 2 + 

Medium Density Group 

Refitting Group 3 + 

Low Density Group 

Cortical flake Mixed, over  Weak, inconclusive Mixed, inconclusive 

Partially cortical flake Mixed, over  No signal Mixed, under 

Naturally backed flake Weak, over  No signal No signal 

Maintenance flake Mixed, over  No signal Mixed, under 

Débordant flake Weak, under Weak, under Weak, under 

Debris Strong, over Weak, under Strong, under 

Flake Strong, under Strong, over Weak, over 

Levallois flake Strong, under Mixed, inconclusive Weak,  over 

Blade Strong, under Weak, over Mixed, inconclusive 

Nodule Mixed, inconclusive No signal Weak, over 

Core Strong, under Weak, under Strong, over 

Tool Mixed, under Weak, under Strong, over 

Biface/Cleaver Strong, under Weak, under Strong, over 

 

Table 8.3 Summary of the general trends exhibited in tables 2 and 3. The color coding provides 

information: red shades indicate overrepresentation in refitting group 1/high density group and 

underrepresentation in refitting group 3/low density group and blue shades indicate the opposite 

pattern. The darker the shade, the stronger the trend.  

 

8.2 Neanderthal use, and reuse, of space 

 In chapter 7, I discussed a list of indicators that provide information about the length and 

number of occupations for the sites in this analysis. These indicators showed that Le Prissé was likely 

occupied for a short period of time and the majority of the debris was left from a single occupation. 

However, there is a significant background scatter that represents other brief visits to that location. La 

Folie has a higher artifact count and more concentrated density. It was likely occupied for a longer 

period of time than was Le Prissé, and its location on a floodplain, with an aggrading rather than a stable 

or eroding sedimentary regime, meant that it did not contain a background scatter. Villiers Adam 

contains a very low density scatter but over a large area with many small, concentrated clusters of 
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artifacts. This suggests that this site was occupied repeatedly, but each occupation was of a 

comparatively short duration.  

Fresnoy contains a much higher number of artifacts than any of these first three sites, but it still 

has a fairly low site-wide artifact density. This suggests that it may have been the subject of multiple 

occupations rather than one or two longer occupations. The refitted lithics connect all parts of the site, 

which is not necessarily congruent with this argument. It could be that Fresnoy was formed by multiple 

occupations, but several could have been of longer duration. Alternatively, the site’s occupants may 

simply have scavenged previously abandoned lithics from other artifact clusters. Bettencourt contains 

several very dense concentrations of lithics, indicating a long duration occupation, and it was likely 

occupied more than once due to the segregation of concentrations across the three sectors of the site. 

Cantalouette and Bossuet, the two raw material extraction sites, have uniformly dense accumulations of 

lithics. It is more difficult to assess the length or number of occupations because these sites are situated 

directly on sources of high quality raw materials. The materials must have accumulated at a much faster 

rate than sites where sources are located further afield. There are many refits across these sites, 

indicating that at least some of the occupations were longer duration. These occupations were long 

enough, at least, to engage in core reduction in one area and then move some of its products to other 

locations within the site, presumably for other activities. Therefore, occupations at Cantalouette and 

Bossuet were likely a mixture of some long and many short occupations.   

 Another way to evaluate the use of these sites is to examine the counts of significant results, as 

was done in tables 8.1 and 8.2, but this time from the viewpoint of the sites. This gives us a perspective 

on the amount of systematic, anthropogenic structure in the distribution of different artifact classes. 

Table 8.4 displays the statistically significant values found at each site, the total results subjected to a 



 
 
 

240 
 

significance test, and a ratio of these two values. This is important because not all analyses were 

possible at all sites. The final column lists the number of disagreements. The “disagreements” are the 

cases in which the significant values for the two analyses contradict each other. For example, at 

Bettencourt, cortical flakes are underrepresented in the high density group of the density contour 

analysis but overrepresented in refitting group 1 of the refitting analysis.  

 

Total results 

subjected to 

significance test 

Total 

significant 

results 

Significant 

results/total possible Disagreements 

Le Prissé 75 14 .19 0 

Bettencourt 72 23 .32 4 

Bossuet 36 2 .06 0 

Cantalouette 36 1 .03 0 

La Folie 72 7 .10 0 

Fresnoy 72 20 .28 2 

Villiers Adam 36 18 .50 0 

 

Table 8.4 Total number of significant results (counting both analyses) for the seven sites. The total 

possible results are different for each site because both analyses were not performed on all sites. Le 

Prissé’s potential count is even higher because it was the only site to include the category 

“biface/cleaver”. The final column displays the number of times the two analyses contradict each other.  

 

 This table nicely summarizes the spatial organization of these sites. Bossuet and Cantalouette, 

the two workshop sites situated very close to flint sources, have an extremely low number of significant 

results, only two and one respectively. This is likely a product of repeated occupations of different 

durations in overlapping areas. Because these sites were only subject to the refitting analysis, separate 

reduction sequences were always evaluated separately and not entangled and mixed together as in the 

density contour analysis. The refitting sequences found at the raw material extraction sites likely 

represent a greater diversity of behaviors than other sites in this study. Some refitting sequences may 

represent episodes where core reduction occurred only to remove blanks from the site, while others 
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may have represented the production of blanks for on-site activities, a pattern more characteristic of 

other sites in this study. This would produce contrasting patterns that interfered with one another, 

reducing the statistical strength of results. These sites have large refitted assemblages, so any existing 

patterns should have been found to be significant. 

La Folie and Le Prissé have a higher number of statistically significant results than Bossuet and 

Cantalouette; 10 percent of La Folie’s results were found to be statistically significant and 19 percent of 

Le Prissé’s. The value for La Prissé is somewhat inflated due to the bifaces and cleavers category that 

added three significant results. Both sites exhibit coherent patterns, but the sample sizes are simply too 

low to achieve a higher number of significant results. The remaining sites, Villiers Adam, Fresnoy, and 

Bettencourt all have large numbers of significant results, which is particularly remarkable for Villiers 

Adam since it was not included in the refitting analysis.  

While Bettencourt and Fresnoy have a good number of significant results, they are also the only 

two sites to have disagreements in their results. While the disagreements exhibited by these sites might 

seem similar to the mixed occupation objectives of the assemblages from Bossuet and Cantalouette, in 

fact, they are quite different. These sites do have strong patterns within their assemblages, but they are 

not necessarily pointing in the same direction. The refitting analysis isolates patterns created through 

individual reduction events and are not affected by their spatial relationship to one another. The density 

contour analysis, however, evaluates the spatial relationship of all artifacts. A mismatch of these two 

analyses could indicate that they are not aligning correctly, but that each is able to identify a pattern 

that is strong enough to achieve statistical significance. These sites may have hosted a small number of 

longer term occupations, in contrast to Bossuet and Cantalouette that experienced a mixture of some 

long and many short term occupations. These discordant patterns support the hypothesis that Fresnoy 
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had at least several comparatively long occupations, in addition to shorter ones. It could be that the 

shorter occupations were very brief, forming something like the background scatter seen at Le Prissé. 

These brief visits would not have contributed to the site’s density very much, as opposed to sites located 

directly on raw material sources.  

Both Fresnoy and Bettencourt are characterized by distinct reduction systems producing blades 

and flakes. Locht (2008) points out that the flake and blade reduction sequences are spatially segregated 

at Fresnoy, perhaps reflecting two separate occupations of the site. There is also some spatial 

segregation of the two reduction sequences at Bettencourt, with a higher proportion of blade 

production occurring in sector 2. If the two reduction sequences could be linked to different occupations 

this would explain the discordance found between the two analyses. The two reduction systems were 

concentrated in spatially distinct zones of high density. Therefore, lithics exported from the high density 

area of one refitting sequence might end up in the high density area of another, therefore creating a 

mismatched pattern. These locations might have corresponded with “low density” for one reduction 

system, but “high density” for another. This would result in the refitting and density contour analyses 

not aligning properly, as was seen at both Fresnoy and Bettencourt.  

Villiers Adam shows patterns similar to La Folie and Le Prissé, but repeated many times over and 

spatially separated. The individual occupational events at this site have not been imprinted on top of 

one another, but rather, spread out in space. In addition, because Villiers Adam consists of a set of 

redundant “units”, the sample sizes are larger and statistical significance is achieved more easily than for 

La Folie and Le Prissé, where the patterns are only produced once.  

Another important factor to consider when discussing site reoccupation is whether the site was 

located on an aggrading or stable land surface. Ultimately, all of these sites were buried, resulting in 
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their preservation, but burial occurred at different rates. La Folie is situated on a floodplain, with the 

fastest mode of sediment deposition. Villiers Adam, Fresnoy, and Bettencourt are located on hillsides 

that experienced slow colluvial and eolian deposition (Locht et al. 2010). At Fresnoy, the sedimentation 

rate was estimated to be 4 to 5 cm per century (Antoine et al. 2008). Therefore, reoccupations at these 

sites likely occurred within one or two generations at the most, because otherwise there would have 

been some sediment deposition between occupations. Reoccupations separated by longer periods of 

time did occur at Fresnoy and Bettencourt since these sites have multiple archaeological horizons, but 

the reoccupations occurring during the same layer must have been constrained within shorter windows 

of time. Serial reoccupations could have been spaced over longer spans of time at Bossuet, 

Cantalouette, and Le Prissé. Bossuet was located on a river terrace and Cantalouette on a plateau, but 

both sites were situated within sediment traps so deposition may have been higher. However, the 

archaeological layers were not thin horizons as at the other sites, but rather thick deposits of material 

that accumulated with sedimentation. Le Prissé, situated on a plateau near Bayonne, may have been the 

location with the lowest rate of sedimentation, which explains the existence of a distinctive background 

scatter of large core tools. In general, most of these sites appear to have functioned as nodes on the 

landscape, locations occupied repeatedly for varying periods of time. 

 

8.3 Neanderthal land use and its role in the formation of site structure 

As the only material preserved at the subject sites, the configuration and relative abundance of lithic 

artifacts form the structure of these seven Middle Paleolithic sites. These lithics were introduced to the 

sites either as tools or blanks or within blocks of raw material (complete nodules or partially reduced 

cores). Because they dominate the site both volumetrically and numerically, lithics produced from the 
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blocks of raw material are the primary units that structure the space. This process of site formation 

through lithic reduction unfolds in several stages. After a block of raw material is introduced to the site, 

it is reduced in a knapping session. Data from the seven sites discussed in this dissertation indicate that 

knapping did not cease after an immediate need was met, but continued until a significant amount of 

material had been produced. Each knapping session therefore produced a dense accumulation of lithics. 

These lithics were then slowly dispersed over time through intentional anthropogenic movement to 

other parts of the site (or off-site), or unintentional movement through site reuse or geologic processes.  

This dissertation demonstrates that site structure was produced through two interrelated 

processes that are complementary in scale.  

1. Micro-structure produced by centrifugal dispersion of knapping events.  

2. Macro-structure formed by patterns of land use that dictated the configuration of 

knapping events relative to one another.  

The length of occupation governed the degree to which these accumulations were dispersed; the longer 

the site was occupied, the more intentional and unintentional movements occurred. The configuration 

of these concentrations was also dictated by the number of occupations. Long occupations might stack 

knapping episodes on top of one another, but occupations segregated in time might segregate knapping 

sessions spatially so that artifact density is more evenly distributed throughout space.  

These micro and macro scale processes worked together to produce sites. Evidence for other 

processes that structure spatial arrangements of things, such as intentional organization of materials in 

space or construction of features, was not observed at six of the seven sites. The possible windbreak at 

La Folie would have provided a culturally structured space that directly affected behavior (specifically 

movement and the position of activities). However, the lithic materials followed the same rules of site 



 
 
 

245 
 

structure formation as the other sites. Later Upper Paleolithic sites, and perhaps even Middle Paleolithic 

sites not included in this sample, likely have features and structures that would structure the 

distribution of artifacts in some way. However, centrifugal dispersion of lithics and patterns of land use 

are the underlying and most basic processes structuring the formation of hunter-gatherer artifact 

distributions.  

The land use patterns evidenced by site structure show a strategy of mobility and land use that 

is highly flexible. Many localities were visited repeatedly, with variable durations of occupation. Many of 

the sites in this study are located on top of or very near to raw materials sources. The groups may have 

stopped there to retool or reprovision and stayed on, depending on what other resources presented 

themselves. Many of these sites are on terraces or slopes that were likely good view points. Perhaps 

nodules were brought to an open space or vista where knapping tasks could be coupled with looking for 

game. Either way, the reason to stop at a particular locale was likely provoked by the immediate needs 

of group members. Attention to the needs of individual members would have been relatively easy to 

indulge within a small group. This allowed for a diverse and flexible use of the landscape. 

If the group remained small and cohesive, longer duration (i.e. logistical) occupations would not 

necessarily have been supported by foraging forays further afield by some members of the group. 

Instead, the group likely moved on as soon as resources were depleted and other, better opportunities 

presented themselves. In this way, the land-use might be considered to be semi-opportunistic, very 

flexible depending on the immediate situation. This flexibility was both dictated and allowed by the 

small group size. If the resources in a new location were less abundant than expected, a group could 

move immediately. Formally structured, seasonally organized moves may not have been necessary; the 

group likely roughly adapted to seasonal change, but not in a highly structured way. This is in contrast to 
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the mobility systems of many recent hunter-gatherers. When moving between residential camps, 

groups would divide and reconvene at a designated future time and place (Martínez-Tagũena and Torres 

Cubillas submitted; Yellen 1977). With a specific meeting location in mind, divided groups would not 

have the flexibility to change plans until the rendezvous had taken place. Neanderthal groups, however, 

being small year-round, may not have divided, but instead travelled as one unit. This practice would 

have lent a very high degree of flexibility to the mobility system. This argument falls in line with the 

proposal put forth by Kuhn and Stiner (2006) who argued that Neanderthals did not divide by gender 

lines in order to procure their food resources, but rather hunted as a group. Small groups would have 

allowed Neanderthals the flexibility to stay in a location where they had hunting success, or move on in 

response to failure. Their level of planning need not have been particularly high, not because of an 

incapacity to do so, but simply because the need was not there. 

Although the study of spatial structure within Middle Paleolithic sites is still often framed in 

terms of the debate on the modernity of Neanderthals and other archaic hominids (Riel-Salvatore et al. 

2013), the results of this dissertation suggest that the explanation for “simpler” spatial structure may lie 

elsewhere. Numerous studies have been used to argue that archaic hominids often utilized bedding 

(Bourguignon 2010; Cabanes et al. 2010; Henry 2012), may have employed several hearths 

simultaneously (Henry 2012; Riel-Salvatore et al. 2013), and even built structures (Bourguignon 2010). 

Therefore, there is certainly evidence that these hominids were capable of modifying their space to 

accommodate their needs in ways that can be seen among modern human populations. However, there 

is no evidence for large groups organized in modular family units such as those seen in Upper Paleolithic 

groups (e.g. Pincevent, Leroi-Gourhan and Brézillon 1966) and recent hunter-gatherers (Yellen 1977). 

Furthermore, there does not seem to be as much investment in the infrastructure of camp sites 
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indicative of planned long duration occupations, as seen at many Aurignacian sites in the Périgord (e.g. 

Castanet, White et al. 2012). Instead, the distributions of materials and features within sites were 

structured directly by the land use strategies of small, flexible groups. 

A firm understanding of how the spatial distribution of artifacts within archaeological sites was 

influenced by occupation duration, reoccupations, and group size is critical for the study of mobility and 

landscape use in hunter-gatherers. Furthermore, it is one of the only ways, aside from genetics, to 

reconstruct the dynamics of these ancient populations, specifically, how they were distributed and 

par��oned into residen�al groups. Informa�on about popula�on structure―and how this was 

navigated by human agents through social networks―might be a major clue to differences in modern 

human and ancient hominid behavior. In order to access this information, we must engage in research 

at different scales such as with focused high resolution studies, like at Abric Romaní, or with 

comparative studies where many sites are studied using similar methods, as presented in this 

dissertation. 
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APPENDEX A 

 

Overview of sites included in study 

 Geo Position Site Type* Area (m
2
) # lithics General spatial organization 

Le Prissé Plateau near the confluence of 

two major rivers 

Single component 

camp site 

1075 870 Two clusters closely spaced, large area of low 

density scatter 

Bettencourt North facing gentle slope, w/in 

loess deposits 

Multi-component 

camp site 

915 5,729 Three sectors separated by erosion, several 

very high density clusters 

Bossuet River terrace/paleo channel Workshop/Quarry 228 15,797 Extremely high density distribution, follows 

contours of the paleo channel 

Cantalouette Doline (sinkhole) Workshop/Quarry 282 15,404 Extremely high density distribution with some 

more concentrated clusters 

La Folie Flood plain Single component 

camp site 

207 1,262 Small site with two clusters connected by 

many refits. Evidence for windbreak and 

bedding (excellent preservation) 

Fresnoy Northeast facing moderate 

slope, w/in loess deposits 

Multi-component 

camp site 

1,143 4,270 Large scatter over large area, refits connect 

the entire area 

Villiers Adam North facing gentle slope, w/in 

loess deposits 

Multi-component 

camp site 

1,928 1,619 Many small, distinct clusters over a large area 

* These are simplified “types” meant to highlight differences between the sites. Single component refers to small sites with two closely 

spaced clusters whereas multicomponent indicates a larger site with more than two high density clusters. “Camp site” and 

“workshop/quarry” are simply used to differentiate between those sites situated on top of the raw material sources to those located 

further afield. In fact, all sites could be considered “workshops” and “campsites” to one degree or another (see in text discussion).  
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