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Abstract 

The extent to which non-agricultural production in prehistory had cost-benefit motivations 

has long been a subject of discussion. This paper addresses the topic by looking at the 

evidence for Neolithic quarrying and mining in Britain and continental northwest Europe 

and asks whether changing production through time was influenced by changing demand. 

Radiocarbon dating of mine and quarry sites is used to define periods of use. These are then 

correlated with a likely first-order source of demand, the size of the regional populations 

around the mines, inferred from a radiocarbon-based population proxy. There are 

significant differences between the population and mine-date distributions. Analysis of 

pollen data using the REVEALS method to reconstruct changing regional land cover patterns 

shows that in Britain activity at the mines and quarries is strongly correlated with evidence 

for forest clearance by incoming Neolithic populations, suggesting that mine and quarry 

production were a response to the demand that this created. The evidence for such a 

correlation between mining and clearance in continental northwest Europe is much weaker. 

Here the start of large-scale mining may be a response to the arrival by long-distance 

exchange of high-quality prestige jade axes from a source in the Italian Alps.  

 

Keywords: Neolithic, Britain, Northwest Europe, mining, quarrying, radiocarbon, population, 

land cover 
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Introduction 

What factors influenced non-subsistence production in prehistory? Did the scale of 

production activities and the costs these entailed respond to demand from some consumer 

population, whether for utilitarian or prestige/ritual goods, or was it impervious to such 

considerations?  The mining and quarrying of stone to produce axes by the Neolithic 

societies of Europe provides an ideal example to address this question . Extraction sites are 

known from Portugal to Russia, and from Norway to Sicily (e.g. Weissgerber 1980; Lech 

1995). The quantity of material produced at some of these sites was vast, and clearly in 

excess of local needs, as the wide distribution of the products confirms. The Rijckholt mines 

in the present-day Netherlands, for example, are estimated to have produced between 13 

and 61 million kg of flint over a period of 600 years (Felder, Rademakers, and de Grooth 

1998, 75–77). The products from such sites were mostly axes, which have both survived in 

large numbers and have been catalogued in great detail (e.g. Zimmermann 1995; P. 

Pétrequin et al. 2012; Clough and Cummins 1979, 1988). These studies have shown that 

axes sometimes travelled far from their origin, for example Alpine jade axes found in 

Denmark and Scotland (Cassen et al. 2012).  

The effort that went into producing such large quantities of material for distribution was 

substantial. Extraction sites were often in remote locations, far from settlements, as in the 

cases of Great Langdale in northern England (Bradley and Edmonds 1993) and Monte Viso in 

alpine Italy (Pétrequin and Pétrequin 2012). The process of extraction would often have 

been difficult and potentially hazardous, sometimes involving multi-chambered galleries at 

the bottom of deep shafts, as in some of the flint mines of Spiennes (e.g. Collet 2004). These 

activities had direct costs in terms of effort and risk, and represented a significant 

opportunity cost for the individuals and groups involved, as time spent quarrying and 

producing roughouts was time taken away from tasks related to subsistence and other 

activities.  

Ethnographic studies of modern-day producers of stone axes have shown that cost-benefit 

considerations can be very relevant. In his study of New Guinea axe quarries, Burton (1989) 

argued that the demand created by a large nearby population was an essential requirement 

to justify the social 'expense' involved in a high level of axe production. He also showed that 

the production of traditional classes of valuables responded to similar economic forces to 
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those that now govern the cultivation of cash crops; that is to say, the axe quarrymen were 

interested in exploiting the material that brought them the greatest return from those with 

whom they carried on exchange transactions. The Pétrequins’ extensive studies of quarry 

exploitation in West Papua (1993) came to similar conclusions. People went to exploit the 

raw material when there was direct or indirect pressure from the first people in the 

exchange chain or the nearest recipients (Pétrequin and Pétrequin 1993, 366). Knapping 

activities involving a high risk of breakage were carried out at the extraction site to save 

wasted energy in carrying untested blocks to the village (ibid., 364). The Wano, who 

exploited the glaucophanite from the Yeleme massif, the hardest material in West Papua, 

were only about 2,000 in number but provided the material for axes and adzes for a 

population of over 130,000 of the Dani and related groups in the fertile agricultural valleys 

nearby (Pétrequin and Pétrequin 2017, 164). The Wano who exploited the raw material and 

produced the roughouts were specialist knappers; they did not carry out the time-

consuming activity of polishing themselves. Until 1958, when steel axes were introduced, 

they circulated as far as the limits of the massif to exchange roughouts for pigs, cowries, 

shell ornaments and other items. A quarter of their wives were given to them by farmers in 

the Yamo area on the border of the Wano who wanted to ensure their long-term access to 

the stone quarries, since this was the only way that exchanges could continue even in times 

of war (Pétrequin and Pétrequin 1993, 138). Some Wano specialised in bringing roughouts 

from quarries ‘but these contacts were not sufficient to bring the large number of axes 

needed to pay compensations and it was constantly necessary to offer pigs, shells, feathers 

and tobacco to get the Wano to give up their roughouts of the hardest stone’ (Pétrequin 

and Pétrequin 1993, 142; SS translation). When stone axes were superseded by steel the 

Wano were left isolated. 

In this paper we gather together geo-referenced radiocarbon and other data on an 

unprecedented scale to ask whether the scale and intensity of mining and quarrying for axe 

production in Neolithic northwest Europe (c.5300-2000 BCE) was governed by a demand for 

the products that justified the effort involved. We start with the hypothesis that it was 

driven by the size of the regional population as the New Guinea examples would suggest, 

whether as a result of a fundamental role in social transactions or for more utilitarian 

reasons. If so, any changes through time in the size of the potential consumer population 
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should be reflected in the scale of stone and flint quarrying and mining.  If it turns out that 

the intensity of quarrying and mining does not relate to the size of the regional population 

then we need to consider alternative possibilities. 

One such possibility is that the demand from the axe user population was not constant over 

time but varied according to changing needs. If the axes produced at mines and quarries had 

a significant utilitarian role then we would expect that variations in the scale of forest 

clearance would have had an impact on demand in addition to or distinct from that 

generated by the size of the regional population. This can be assessed by examining the 

evidence for human impact on the vegetation. 

An alternative prediction is that large-scale axe production was stimulated by social factors. 

We therefore asked whether a relationship existed between the incidence of the large high-

quality jade axes imported from the alpine sources of Monte Viso and Monte Beigua that 

were indisputably of social/ritual importance (Pétrequin et al. 2012) and the episodes of 

mining and quarrying activity in our study area. 

We focus mainly on Britain and northwest continental Europe, and to a lesser extent 

southern Scandinavia, because these regions contain a large number of important flint 

mines and stone quarries, and a great deal of fieldwork and scientific characterisation to 

identify raw material sources has taken place here over recent decades; they also have an 

exceptional record of other data sources that can be used to create reliable regional-scale 

proxies for population sizes and human impact on the vegetation (see e.g. Woodbridge et al. 

2014)  to address the supply-demand relationship. Finally, they offer contrasting situations. 

While farming arrived in Britain and southern Scandinavia ~4000 BCE, it first appeared in 

continental northwest Europe 1000 years earlier. 

 

Materials and methods 

 

The axes and other products are not directly dateable, of course, since they are inorganic, 

and there are few reports of precisely dated contexts for axes (for Britain, see Whittle et al. 

2011, table 14.140), since most of them are isolated finds. Moreover, while the sources of 

axes of non-siliceous stone can usually be identified, at least in broad terms, this is not 
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generally the case with flint at present. Accordingly, any changes in mine and quarry 

exploitation must be identified by radiocarbon dating of activity at the sites themselves.  We 

therefore reviewed all available literature on known flint and stone quarries and mines in 

most of Europe and compiled a list of all radiocarbon dates, starting with the Bochum 

catalogue (Weissgerber 1980; J. Lech 1995); we also collected new samples. This resulted in 

a dataset of 1194 dates, distributed amongst 118 mines in 20 countries. For Britain, 

continental northwest Europe and southern Scandinavia 425 dates are available. 

Throughout this paper, these dates are referred to as “mine dates”, regardless of the nature 

of the source. 

Making inferences about the size of prehistoric populations has always been considered 

problematical by archaeologists, but the use of summed radiocarbon date probabilities 

(SPDs) from archaeological sites as a population proxy to address questions of demographic 

change in the archaeological record has become increasingly popular in recent years, 

following the development of a number of innovative techniques to address criticisms that 

have been made of this approach. These include methods to test for the statistical 

significance of departures from a given model of population change through time, taking 

into account the fluctuations in the calibration curve and the size of the available sample 

while down-weighting the effect of differential dating intensity at different sites (Shennan et 

al. 2013; Timpson et al. 2014; Edinborough et al. 2017); and also methods that test whether 

two date distributions are significantly different from one another, taking into account the 

same factors (Crema et al. 2016). In addition, studies have compared the patterns resulting 

from radiocarbon date distributions with those derived from other lines of evidence, 

including site counts and site settlement sizes (e.g. Palmisano et al. 2017), inferences from 

cemetery age-at-death distributions (Downey et al. 2014), evidence for land clearance (e.g. 

Lechterbeck et al. 2014), as well as multiple other proxies (e.g. Tallavaara et al. 2014) and 

shown strong correlations. In summary, there is strong reason to believe in the validity of 

SPD proxies so long as they are used appropriately. 

These require the use of large numbers of dates to avoid sampling problems (cf. Williams 

2012), and the development of the methods has gone hand-in-hand with the collection of 

large databases of radiocarbon dates. Building on previous work by the EUROEVOL project 

(Manning et al. 2016) and others, we have collected an updated list of georeferenced 
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European radiocarbon dates from extensive literature reviews and available databases (see 

radiocarbon date references). This has been cleaned and checked for accuracy, especially 

with regard to location, site name and species of the dated material  

Within each of the three regions, we defined a hinterland around each of those mines that 

has at least one radiocarbon date, on the assumption that this hinterland would contain the 

majority of the population creating the demand for that mine’s products. The hinterland 

was defined as the area within a 100 km radius after tests showed that there was no 

difference in the population patterns between a hinterland size of 100 km and 200 km; 

previous studies have also indicated that such distances are large enough to include most of 

a source’s products in the great majority of cases (e.g. Bostyn 2015, de Grooth 2015). Where 

100 km hinterlands overlapped between mines, dates were counted only once, producing 

the chains of merged circles shown in figure 1.  

 Great Britain Northwest Europe Southern Scandinavia 

mine sites 14 31 3 

mine dates 181 184 60 

100km hinterland dates 5334 1930 1445 

Table 1: mine and hinterland dates 

 

Within each hinterland we selected all dates within the range 6500 BC to 1500 BC. These are 

referred to as “hinterland dates” and provide the proxy for demographic change in the 

hinterlands around the mines. This range is longer than the actual span of the Neolithic, 

especially in Britain and southern Scandinavia, but allows us to eliminate edge effects that 

might occur when using a shorter time period. Dates taken from environmental materials, 

such as peat, sediment and clay, were eliminated, as these are not clearly anthropogenic 

and could skew the demographic proxy. We also eliminated dates with an error of greater 

than 100 years, which had the effect of removing many older, less reliable dates and 

reduces the smearing effect created by wide date confidence intervals; however, this had 

the effect of removing the dates from one significant quarry, Plussulien in central Brittany 

(Le Roux 1999), which will be discussed below. This left a total of 8709 dates within the 
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restricted study area around known mines and within the target date range. The mine and 

100 km radius hinterland dates were used to create SPDs to stand as proxies for periods of 

mine activity and hinterland populations respectively (table 1). The individual date 

probability distributions from a given site were binned in 100 year intervals, which 

eliminates overlap between multiple close dates from the same site (Shennan et al. 2013). 

Binning preserves periods of high intensity, as indicated by multiple similar dates from 

multiple sites, while preventing sites with many dates from distorting the SPD. The SPDs 

were not normalised (see Bevan et al. 2017 for discussion) but were smoothed by 50 years 

for clarity.  

The first step in the analysis was to evaluate whether there was any evidence of changes in 

the intensity of mining and quarrying over the course of the Neolithic in the regions 

concerned, or whether fluctuations in the mines SPD were simply a result of sampling 

variation and radiocarbon calibration effects. For this purpose the mine SPDs for each region 

were summed to produce an aggregate of all dated mine activity and the result was 

compared to a uniform null model that assumed there was no change in the intensity of 

mining once established. Thus, the null model was simulated 1000 times and the real 

distribution of mine dates was compared to it to see if it was significantly different (using 

the rcarbon package: Bevan and Crema 2017: modelTest() function, ‘uncalsample’). In this 

test, dates from unique sites within the sample were not binned, as this would not give an 

adequate expression of the changing intensity of the use of mines or quarries through time, 

but to control for the possibility of heavily dated sites skewing the sample, we randomly 

chose repeated samples of five dates for all sites with five or more dates available; 

experiments showed that five dates represented a reasonable compromise between under- 

and over-estimating the role of specific mines as a function of the investment in their 

radiocarbon dating (fig 3 shows the results for a single representative sample). The 

hinterland SPD, as the population proxy, was compared with a logistic null model that 

assumes that population growth resulting from the arrival of farming in a region would level 

off after an initial increase (fig 2).  

To explore the relationship between the chronological distribution of mine activity and their 

hinterland populations in the three regions, an aggregate hinterland SPD was obtained by 

summing the individual hinterlands of each mine, but counting each unique date in the 
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overlapping circles only once, as above. This was then compared with the aggregate mine 

activity SPD for the region. First, the correlation coefficient between them and its 

significance was calculated for each region (see results text), then the two SPDs were 

compared to see whether they were significantly different from one another. To carry out 

the comparison, we performed a permutation test (using the permtest() function in rcarbon: 

Bevan and Crema 2017). This repeatedly samples calibrated dates from the hinterland, with 

the size of the sample corresponding to the number of mine sites, to create a distribution of 

expected SPDs, which are then combined to form a 95% mean confidence envelope. This is 

the distribution of mine dates through time that would be expected if the size of the 

regional population was the only factor that influenced it. The real SPD from the mines is 

then plotted against this, and areas of difference between the expected envelope and the 

observed mines are recorded (see fig 4). The total area of this difference is converted to a 

global p-value. Datasets that fit mostly within the observed envelope will have a high p-

value that is not statistically significant, while those that deviate substantially will have a low 

p-value, and in these cases we can conclude that activity at the mine or quarry was 

influenced by factors additional to or other than the size of the regional population.  

For the purpose of comparing mine activity with the evidence of human impacts on the 

vegetation the REVEALS (Regional Estimate of Vegetation from Large Sites) method was 

used (Sugita 2007). The REVEALS approach estimates percentage cover of plant taxa using a 

generalised version of the R-value model of Davis (1963), and requires pollen count data 

from large sites or networks of large and smaller sites (e.g. Fyfe et al., 2013), values for 

relative pollen production of taxa and fall speed of grains of different taxa (Broström et al. 

2008). Additionally, the size of each basin from which pollen is obtained is required, and a 

taxon-specific dispersal and deposition function (Prentice 1985; Sugita 1994). We use here 

the relative pollen production values from Mazier et al. (2012). Pollen data were extracted 

from the European Pollen Database (Fyfe et al. 2009) and placed into 200 year contiguous 

time windows for use in the REVEALS analysis. Changing land cover through time was 

characterised by aggregating the results from individual pollen cores within a 125 km radius 

of a mine.  The distance was selected because it enabled us to include significantly more 

pollen sites than a 100 km radius. The land cover values were correlated with the aggregate 

population and mine SPDs. Since it is possible that any correlation between changing land 
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cover and mining activity could be influenced by an effect of population on both, the partial 

correlation between land cover and mining activity, controlling for population, was also 

calculated. REVEALS data were not available to us for southern Scandinavia so this analysis 

could not be carried out. 

Finally, in order to explore the possibility that factors other than practical utilitarian ones 

played a role in stimulating demand for axes, we examined the relationship between the 

incidence of imported large high-quality, socially-important jade axes from the alpine 

sources of Monte Viso and Monte Beigua and the population patterns and episodes of 

mining activity. For this purpose, we used the database of the JADE project (Pétrequin et al. 

2012) to identify all large jade axes within 200 km of our mining sites and the type to which 

they had been assigned. This typology can be used to estimate the frequency of axes by 

type at 100 year intervals, following the approximate chronology of the types in Pétrequin 

et al. (2012, 627). The Puymirol style, for example, is estimated to have begun around 4700 

BCE and ended around 4100 BCE. To estimate the number of axes of this type which 

appeared at each 100 year interval in a given sample, we use an aoristic method, counting 

the number of axes and then divide by the number of intervals (see e.g. Crema 2011). By 

doing this for each type and summing the results, we can build up an estimated distribution 

of jade axes over time in each hinterland region. These distributions can then be tested for 

correlation with our mine and hinterland data, using the same Pearson's correlation 

coefficient used in the pollen tests above. 

 

Results 

 Great Britain Northwest Europe Southern Scandinavia 

mines uniform test p=0.046 p=0.001 p=0.1019 

hinterland logistical test p=0.001 p=0.001 p=0.001 

 

Table 2: model test results after 1000 simulations each. The first row of the table shows for 

each region the probability that the SPD of the mine dates corresponds to a flat uniform 

distribution implying that mining activity was constant over the period. The second row 
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shows for each region the probability that the SPD of the hinterland dates corresponds to a 

logistic distribution; in other words to a population that rose with the arrival of farming and 

then levelled out. 

The results (table 2 and fig 2) show that the hinterland samples of all three regions reject 

the logistical model of population growth at the 0.001 level. In other words, the size of the 

hinterland populations was not constant after the arrival of farming. In the case of both 

Britain and southern Scandinavia there is a very rapid increase in population with the arrival 

of farming c.4000 BCE, followed by a decline (cf. Bevan et al. 2017). In the case of northwest 

Europe there are several significant positive and negative deviations from the logistic model 

between the arrival of farming before 5000 BCE and the end of the Neolithic.  

The test on the SPD of the mine dates (table 2, fig 3) allows us to reject the uniform model 

of no change in the intensity of mine and quarry exploitation for Britain and Northwest 

Europe but not for southern Scandinavia because of the small sample size of mines (only 

three). In fact, episodes of mining are remarkably concentrated. In Britain, the main feature 

is a positive departure from the uniform distribution c.4000-3600 BCE. In continental 

northwest Europe there is a strong negative deviation before ~4300 BCE, followed by two 

strong positive deviations, from just after 4000 to ~3700 BCE and ~3350-3100 BCE, with a 

final negative deviation at the end of the sequence. These results show that the intensity of 

mine exploitation was not uniform over time. We can therefore address the factors 

affecting it, starting with our hypothesis that it was driven by the size of the population 

creating a demand for axes.  

For all three regions the correlation between mine exploitation and hinterland population is 

positive and significant (Britain r = 0.5247, p<0.0001; NWE r = 0.2901, p< 0.0001, 

Scandinavia r = 0.5445, p< 0.0001), suggesting that the size of the hinterland population 

does play a role in accounting for changing mine exploitation. However, this does not tell 

the whole story. The results of the permutation tests comparing the mine SPDs and the 

hinterland SPDs are shown in table 3 and in figure 4. After running 1000 permutations of the 

test, we found a significant difference between the mine SPD and the hinterland mean 

confidence envelope in Northwest Europe and Britain but again not in Scandinavia. In other 

words, while there is some correlation between changes in the size of the regional 
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population and changes in mining intensity, in the two regions with a reasonable sample 

size the patterns are significantly different from one another. 

 

 Great Britain Northwest Europe Southern Scandinavia 

permutation test p=0.025 p=0.001 p=0.2647 

Table 3: permutation test results after 1000 simulations each. The test compares the actual 

SPD of mine dates for each region with the distribution of random samples of hinterland 

dates in which the size of the sample corresponds to the number of mine dates; the 

sampling is repeated 1000 times. The result shows the probability that the real mine date 

SPD corresponds to the hinterland population SPD. 

While we should be cautious of over-interpreting specific areas of difference between the 

mine and hinterland SPDs, we can make some observations based on the location of the 

significant differences in each plot. In Britain farming arrives ~4000 BCE (Collard et al. 2010, 

Whittle et al. 2011). Increased mine activity initially corresponds to the increase in 

population associated with the beginning of farming, then accelerates rapidly, leading the 

hinterland population increase, hence the departure from the 95% confidence envelope 

c.4000-3600 BCE (fig 4a). Mining activity then declined, before a short-lived possibly 

significant peak at around 3000 BC, after which there was further decline and final 

disappearance around 2000 BC.  

In northwest Europe (figure 4b), hinterland population and mining SPDs are also significantly 

different from one another but the relationship between the distribution of mining activity 

and the hinterland population is quite different from Britain. While a small amount of 

mining activity is associated with the appearance of farming at ~5000 BCE, until ~4500 BCE it 

is significantly below the scale predicted by the size of the hinterland population. It only 

begins to increase markedly in the late 5th millennium BCE, reaching an initial peak, 

significantly higher than the population predicts, just after 4000 BCE, contemporary with 

that in Britain. Mining activity then declines along with the population around 3500 BCE, 

before rising again to another peak of activity in the centuries before 3000 BCE, again 

significantly higher than would be expected on the basis of the population, before 

decreasing steadily. 
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The significant differences between the SPDs of mining activity and the surrounding regional 

population means that the need for axes of a population of a given size, whether for 

utilitarian or socially important purposes, is not sufficient by itself to account for the 

observed pattern. We therefore turn to the possibility that they were related to variations in 

the scale of forest clearance affecting the demand for axes for utilitarian purposes. For 

Britain the results of the analysis of the relationship between evidence of human impact on 

land cover inferred from the REVEALS pollen results and population and mining activity are 

shown in table 4 and figs 5a and 6a. 

Taxa Hinterland 
correlation 

Hinterland p Mine 
correlation 

Mine p Mine Partial 
Correlation 

Mine Part 
p 

Alnus 0.6077 0.0002 *** 0.4379 0.0108 * 0.124 0.4989 

Artemisia 0.432 0.0121 * 0.5284 0.0016 ** 0.3757 0.0341 * 

Betula -0.3042 0.0852 -0.4322 0.012 * -0.3286 0.0663 

Calluna vulgaris -0.0327 0.8565 -0.254 0.1537 -0.2908 0.1064 

Carpinus -0.1776 0.3228 -0.175 0.33 -0.0884 0.6303 

Cerealia-t 0.655 <0.0001 *** 0.3977 0.0219 * 0.0187 0.9189 

Corylus -0.6088 0.0002 *** -0.7068 <0.0001 *** -0.5429 0.0013 ** 

Fagus 0.6319 0.0001 *** 0.2277 0.2026 -0.2316 0.2022 

Filipendula -0.1337 0.4583 -0.2486 0.163 -0.2121 0.2438 

Fraxinus 0.6124 0.0002 *** 0.6574 <0.0001 *** 0.4641 0.0075 ** 

Juniperus -0.2945 0.0962 -0.2773 0.1182 -0.1343 0.4637 

Picea 0.2051 0.2522 0.2601 0.1438 0.176 0.3353 

Pinus -0.7365 <0.0001 *** -0.687 <0.0001 *** -0.4626 0.0077 ** 

Plantago lanceolata 0.929 <0.0001 *** 0.482 0.0045 ** -0.2202 0.226 

Plantago media 0.1768 0.3251 -0.1178 0.5139 -0.2793 0.1216 

Poaceae 0.4712 0.0056 ** 0.7847 <0.0001 *** 0.7115 <0.0001 
*** 

Quercus 0.699 <0.0001 *** 0.5952 0.0003 *** 0.3168 0.0773 

Rumex acetosa-t -0.1418 0.4312 -0.2203 0.218 -0.171 0.3495 

Salix -0.0267 0.8826 -0.2098 0.2412 -0.2404 0.1851 

Secale-t 0.4061 0.019 * 0.1816 0.3117 -0.0784 0.6698 

Summed open 
ground 

0.5304 0.0015 ** 0.727 <0.0001 *** 0.605 0.0002 *** 

Tilia 0.2528 0.1557 0.4597 0.0071 ** 0.3975 0.0243 * 

Ulmus -0.5883 0.0003 *** -0.3417 0.0516 0.0079 0.9656 

 

Table 4: Correlations between REVEALS land cover values and the SPDs for population and 

mining activity for Britain, and the partial correlation between land cover values and the 

mining activity SPD controlling for population. Hinterland=125km, hinterland n=6269, mine 

n=181. 
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The results for Britain show significant correlations between increasing hinterland 

population and various anthropogenic indicators: elm (Ulmus) and hazel (Corylus) decline, 

and open ground species (Poaceae, Plantago lanceolata) and cereals (Cerealia-t) increase. 

There is also a significant correlation with an increase in ash (Fraxinus) (cf. Lechterbeck et al. 

2014), a tree that is shade-intolerant and requires clearance to flourish; this may represent 

some compositional change within woodland following disturbance. The correlations for the 

mines are similar to the hinterlands, though weaker in three out of the five cases. The 

exceptions are Fraxinus, for which the correlation is slightly higher and Poaceae (grasses), 

for which the correlation with the mine SPD was almost double that for the hinterland 

population. Plantago lanceolata shows a similar pattern, though overall its correlation is 

higher with the hinterland population since its trend follows the later population increase 

when mining had declined. When partial correlations between land cover and mining 

activity are calculated, taking into account the possibility that both land cover and mining 

activity are to some degree influenced by the size of the hinterland population, Fraxinus and 

Poaceae still show significant correlations, and the latter actually has a higher correlation 

with mining activity than it does with population. Pinus and Corylus also still have significant 

negative correlations with mining activity when population is controlled, while Artemisia 

and Tilia have positive ones. Fig 5a shows aggregated open ground indicators (Plantago 

media, Artemisia, Calluna vulgaris, Cerealia-t, Filipendula, Plantago lanceolata, Poaceae, 

Rumex acetosa-t, Secale-t) and it can be seen that they lead both the increase and the 

subsequent decrease in the SPD population proxy and correlate better with the mining 

activity SPD, even when the effect of population is controlled (partial r=0.605, p=0.0002); fig 

6a shows the pattern for Poaceae alone. The significant positive correlations for Alnus, 

Fagus, Quercus and Tilia and negative for Pinus with the population and/or mine activity 

proxies are likely to be spurious and to reflect ecological processes (e.g. competition, 

natural disturbance) rather than human activity. 

Taxa Hinterland 
correlation 

Hinterland p Mine 
correlation 

Mine p Mine Part 
Correlation 

Mine Part 
p 

Abies 0.5242 0.0017 ** 0.5213 0.0019 ** 0.3491 0.0502 

Alnus 0.7397 <0.0001 *** 0.3962 0.0225 * 0.0391 0.8315 

Artemisia -0.5255 0.0017 ** -0.3753 0.0314 * -0.1497 0.4134 

Betula 0.1552 0.3884 0.3461 0.0485 * 0.314 0.0801 

Calluna vulgaris -0.3281 0.0623 -0.1907 0.2879 -0.0307 0.8677 

Carpinus -0.2076 0.2464 -0.1188 0.5101 -0.0166 0.9281 
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Cerealia-t 0.7346 <0.0001 *** 0.5042 0.0028 ** 0.2276 0.2103 

Corylus -0.6712 <0.0001 *** -0.4158 0.0161 * -0.1202 0.5123 

Fagus 0.3579 0.0409 * -0.0264 0.884 -0.2569 0.1557 

Filipendula 0.2094 0.2421 -0.2508 0.1592 -0.4224 0.016 * 

Fraxinus 0.8552 <0.0001 *** 0.5634 0.0006 
*** 

0.2942 0.1021 

Juniperus -0.2424 0.1741 -0.1052 0.56 0.0205 0.9114 

Picea 0.3116 0.0776 0.3577 0.041 * 0.2444 0.1777 

Pinus -0.6413 0.0001 *** -0.4181 0.0155 * -0.1424 0.4368 

Plantago 
lanceolata 

0.5649 0.0006 *** 0.0423 0.8151 -0.341 0.0561 

Poaceae -0.1158 0.5212 0.166 0.3559 0.2618 0.1478 

Quercus -0.2075 0.2465 -0.0028 0.9877 0.1208 0.5102 

Rumex acetosa-t 0.2504 0.1598 0.0733 0.6853 -0.0636 0.7294 

Salix -0.0881 0.6258 0.0026 0.9885 0.0548 0.7659 

Secale-t 0.1357 0.4516 -0.0844 0.6405 -0.1788 0.3275 

summed open 
ground 

-0.1517 0.3993 0.1233 0.4944 0.2342 0.1969 

Tilia 0.7716 <0.0001 *** 0.4833 0.0044 ** 0.1707 0.3502 

Ulmus -0.5145 0.0022 ** -0.3885 0.0255 * -0.1739 0.3411 

 

Table 5: Correlations between REVEALS land cover values and the SPDs for population and 

mining activity for NW Europe, and the partial correlation between land cover values and 

the mining activity SPD controlling for population. Hinterland=125km, hinterland n=2356, 

mine n=185 

 

The results of the correlations for continental northwest Europe are shown in table 5 and 

figure 5b and are similar in some respects to those for Britain: significant negative 

correlations between the hinterland population proxy and Corylus and Ulmus; significant 

positive correlations with Cerealia-t, Plantago lanceolata and Fraxinus. However, there are 

also very marked differences. The highly significant correlation with Poaceae found in 

Britain is completely lacking; examination of fig 6b shows that this may be because large 

areas of grass cover already existed in NW Europe prior to the arrival of farming. This is 

reflected in the very low and non-significant correlations between the combined open 

ground indicators and the mine activity and population proxies (table 5). Again, there are 

significant correlations with the REVEALS values for certain tree species – Abies, Alnus, Pinus 

and Tilia in this case – that are likely to be spurious.  
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Thus, the results for Northwest Europe show some link between changing vegetation 

patterns and the increasing human populations associated with the local arrival of farming, 

but it is much less marked than in Britain. The patterning in the timing of large scale mining 

does not show a significant correlation with open-ground land cover and it begins centuries 

after the arrival of farming, coinciding with the Néolithique Moyen II period, while the 

second episode roughly corresponds to the Néolithique Récent. 

 Great Britain Northwest Europe 

mines  0.1309, p=0.629 

 

0.7528, p=0.0008 *** 

 

200km hinterland  -0.2252, p=0.4017  0.0861, p=0.7511 

 

Table 6: Correlations between the aoristic distribution of large jade axe frequency through 

time and the SPDs of mining (row 1) and hinterland dates (row 2) for Britain and northwest 

Europe. 

 

If we turn to the relationship between mining activity and the incidence of imported large 

jade axes in the mine hinterlands, we find that in Britain, over the time range in which jade 

axes occur, there is no significant correlation between the number of jade axes and the 

population pattern, and no correlation between jade axes and mining activity (table 6 and 

fig 7a), because the main period of circulation of these axes preceded the arrival of farming 

in Britain. For northwest Europe, on the other hand (fig 7b), there is a highly significant 

correlation between the incidence of imported jade axes and flint mining activity (r=0.7528, 

p=0.0008), though not with population.  

 

Discussion 

Britain 
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These results reveal much about the relationship between mining and quarrying activity and 

the demand for their products. The initial arrival of farming probably occurred slightly 

before 4000 BCE and by 3800 BCE it had spread across the whole of Britain (Whittle et al. 

2011). The rapid expansion over this ~200 year period is reflected in the rise in pollen from 

open ground taxa resulting from clearance, on the one hand, and the simultaneous 

beginning and expansion of mining activity, which is at its peak at this time.  

Population growth lags this activity and the population peaks ~200 years later, by which 

time mining activity had already begun to decline, presumably because the main clearance 

phase was over. The evidence for mining activity continues to decrease, in step with the 

declining population, and also with decreasing cereal cultivation (Bevan et al. 2017), until an 

upturn at ~3000 BCE for which the explanation is unclear.  

Since we now know that the arrival of farming was a result of large-scale immigration by 

groups from the near continent (Brace et al. 2018, Olalde et al. 2018) we can conclude that 

the immigrant farmers immediately began mining and quarrying when they arrived in 

Britain,  and established new sources and exchange links to distribute their products as the 

farming frontier rapidly expanded northwards (see Edinborough et al. under review for a 

discussion of this question). It appears that axes made of mined or quarried stone were in 

massive demand as a fundamental element of the clearance and colonisation process of the 

Neolithic settlers, who introduced the relevant technology, and that mining gradually 

declined once the colonisation phase was over. Given the date distribution of the majority 

of the relatively small number of jade axes from Britain and the aDNA evidence for large-

scale Early Neolithic colonisation, it is likely that they represent heirlooms brought with 

them by the new arrivals (Walker 2015). As far as the evidence goes, southern Scandinavia 

shows a very similar pattern to Britain, with flint-mining occurring at the very beginning of 

the Neolithic sequence, as population was rising. Here too we now know that the 

introduction of farming involved significant immigration (Mittnik et al. 2018).  

 

Northwest Europe 

The picture in northwest continental Europe is much more complex. There was no large-

scale mining for the first 1000 years after the initial arrival of farming here even though it 
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was associated with a major population increase.  Some small-scale flint mining activity  

took place  and surface exploitation began at some of the main flint sources, such as 

Rijkholt, but the products were cores for a blade industry not flint axes (Zimmermann 1995), 

and therefore unsuitable for use in large-scale tree clearances; farming during this period 

did not require the large-scale local production of axes. This is despite the fact that hard 

stone adzes were extensively used in the ancestral Central European LBK Early Neolithic, 

occurring as far west as the Paris Basin, mostly derived from a source in the mountains of 

northern Bohemia (Přichystal 2015), and had utilitarian uses as well as social significance 

(Bentley et al. 2012). These had ceased to circulate to the west by the early 5th millennium, 

which sees the introduction of the first large non-utilitarian Alpine jade axes.  

It is apparent that there are two major mining episodes in continental northwest Europe; 

the first ~4200-3800 BCE and the second ~3500-2900 BCE, both far in excess of what would 

be predicted by the hinterland population size, though the first roughly correlates with the 

spatial expansion of farming settlement in the Chassean and Michelsberg phase (Vander 

Linden 2011). It also corresponds to the peak use of the metadolerite A source at Plussulien 

in central Brittany, where the majority of the production was apparently utilitarian (Le Roux 

1999, 208). The second mining episode in the late 4th millennium BCE seems to occur at a 

time of population increase following a downturn but again is significantly greater than that 

predicted by the population pattern. There is no indication in our REVEALS data of a 

correlation with increasingly open ground cover, though David et al.’s (2015; see also 

Leroyer 2006) REVEALS study of the Paris Basin part of our study area does show a peak in 

Poaceae at this time. 

The radiocarbon dates indicate that the northwest European colonisers of Britain whose 

mined flint and quarried stone axes were associated with the first farming clearance had 

only recently taken up large-scale flint mining and axe production themselves, in 

circumstances much less clearly linked with new clearance activity than in Britain. The 

stimulus for the demand that led to its onset may have been the arrival of the polished jade 

axes from the Alps discussed above, with their demonstrable high social value (e.g. Cassen 

et al. 2012). However, allowing for the lack of precision in dating the jade axes, there seems 

to be a lag of the order of 3-5 centuries between their initial appearance and the onset of 

mining, in contrast to the early start of small-scale production of non-utilitarian fibrolite 
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axes in Brittany (Pailler 2016). Furthermore, some of the fibrolite axes imitate the form of 

jade axes while the flint axes do not (Giligny et al. 2012), though admittedly their shape is 

heavily constrained by the shape of the raw material nodules. Fig 7b shows that the number 

of jade axes increases over the course of the 5th millennium BCE, peaking during the MN II 

period, ~4200 BCE, contemporary with a population peak, and strongly overlapping with the 

mining activity date distribution, which peaks slightly later. Both decline rapidly from ~3800 

BCE, as does the population, with a significant decline below the prediction of the logistic 

model.  

 

Conclusion 

We have shown that the availability of new large-scale, spatially-referenced databases and 

associated analytical methods enables us to address long-standing questions concerning the 

factors affecting Neolithic quarry and mine production, in completely new ways.  

For Britain we can reject the initial hypothesis that the changing intensity of mining and 

quarrying through time was simply a function of variations in demand arising from changing 

population sizes in the hinterlands of the sources. The strong correlation with the massive 

increase in grasses seen in the REVEALS results supports the hypothesis that it was a 

demand for utilitarian axes for woodland clearance that was a major stimulus for mining 

activity, and that this demand declined once this initial episode was over. This demand was 

apparently not fulfilled, or at least not completely, by using local surface stone sources, 

presumably because mined stone was of better quality for the production of working axes. 

These findings contradict the usual assumption that it was the needs of social transactions 

that governed their production and exchange.  

In fact, although the farming colonisers of Britain came from continental northwest Europe, 

they seem to have placed less emphasis on the social role of mined and quarried axes 

obtained by exchange than their immediate ancestors, an interesting shift in values. For the 

latter, the onset of late 5th millennium BCE mining seems to have been a response to a new 

demand for fine axes for social and ritual transactions stimulated by the circulation of the 

socially valorised alpine jade products. The rapid decline in evidence of mining activity also 

coincides with the decline in the occurrence of jade axes in the mine hinterland regions, no 
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doubt exacerbated by the contemporary population decline.  The renewed phase of mining 

in the late 4th millennium BCE is associated with the recovery from this depression but is 

much more intense than predicted by it or by the currently available evidence for increased 

clearance activity. It thus remains to be understood. 
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Fig 1 Hinterland circles showing mines, dates and pollen core locations a) Britain b) NW Europe c) South 

Scandinavia 
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Fig 2 Logistic hinterland test a) Britain b) NW Europe c) South Scandinavia. For each region the figures 

shows the actual SPD of hinterland dates against the 95% confidence envelope generated by the null 

model of a logistic distribution implying that population rose with the arrival of farming and then levelled 

out, replicated 1000 times taking into account sample size and the calibration curve. 
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Fig 3 Uniform test on mine SPDs a) Britain b) NW Europe c) South Scandinavia. For each region the figures 

shows the actual SPD of mine dates against the 95% confidence envelope generated by the null model of a 

uniform distribution implying that mining activity was constant over the period, replicated 1000 times, 

taking into account sample size and the calibration curve. 
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Fig 4 Permutation test on mines and hinterlands a) Britain b) NW Europe c) South Scandinavia. For each 

region the figure shows the actual SPD of mine dates for each region against the 95% confidence envelope 

generated under the assumption that it corresponds to the hinterland SPD distribution, by taking 1000 

random samples of hinterland dates in which the size of the sample corresponds to the number of mine 

dates, taking into account the calibration curve. The dashes along the horizontal chronological axis 

represent the medians of the individual dates. 
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Fig 5 Comparison of REVEALS human impact on land cover (percentage of open ground) summed from all 

pollen sites within 125 km of all mines, with the SPDs of hinterland population and mining activity for a) 

Britain b) NW Europe. The correlations between the percentage open land cover estimate and the SPDs of 

hinterland population and mining activity and their probabilities under the assumption of no relationship 

are also shown, together with the values for the partial correlation between open ground cover and mining 

activity when population is controlled. 
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Fig 6 Comparison of REVEALS Poaceae (percentage of Poaceae grass cover) summed from all pollen sites 

within 125 km of all mines, with the SPDs of hinterland population and mining activity for a) Britain b) NW 

Europe. The correlations between the percentage Poaceae cover estimate and the SPDs of hinterland 

population and mining activity and their probabilities under the assumption of no relationship are also 

shown, together with the values for the partial correlation between Poaceae ground cover and mining 

activity when population is controlled. 
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Fig 7 Comparison of the aoristic distribution of large jade axes within a 200 km hinterland of all mines, with 

the SPDs of hinterland population and mining for a) Britain b) NW Europe. Correlations between the 

aoristic distribution of jade axe frequency through time and the SPDs of mining activity and hinterland 

population are also shown. 
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