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ABSTRACT
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Across Europe, in the late 19th century, deep-flint mines dating to the Neolithic period were discovered. Since
their discovery, it has been noted that the mines, located many kilometres apart, share common traits. Despite
these connections, little research has compared the pan-European mining phenomenon. It is beyond this paper
to review the numerous European mines, rather, two sites will be detailed: Krzemionki, southeast Poland, and
Grime’s Grave, eastern England. The comparison of these two prehistoric mines, located c. 1500km apart, ex-
pands knowledge of a mining methodology likely to have started in the mid-5th millennium BCE and spread
across Europe, becoming associated with large and enduring complexes.
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INTRODUCTION

Extracting knappable rocks for producing implements was undertaken throughout Eu-
ropean prehistory, from Neolithic quarrying for jadeite in the Italian Alps (Pétrequin et al.
2006) to Late Bronze Age flint mining in Poland (Lech et al. 2011). Of numerous rocks
sought, the most extracted was flint, with mines located in the British Isles (Barber et al.
1999), Denmark (Becker 1959), France (Ghesquiere et al. 2021; Bostyn 2023), Belgium
(Bostyn et al. 2018), the Netherlands (Felder et al. 1998; de Grooth et al. 2023), Germany
(Fisher et al. 2023; Schyle and Weiner 2023), Poland (Lech 2023; Lech and Werra 2023;
Schild 2023), Belarus (Gurina 2000), the Iberian Peninsula (Terradas and Ortega 2017;
Diaz-del-Rio et al. 2023; Tarrino et al. 2022a, 2022b), Italy (Galiberti and Tarantini 2023)
and Ukraine (Kolesnik 2020; see Fig. 1). Most Neolithic flint mines are composed of pits
and quarries. One method, shaft-galleried mining, resulted in amongst the most extensive
Prehistoric mines in the world.

Shaft-galleried mining appears to start simultaneously across Europe at the end of the
5th millennium BCE (Edinborough et al. 2019). At present, Spiennes is perhaps the earli-
est shaft-galleried mine with extraction beginning around 4200 cal. BCE, although some
caution is expressed with the earlier radiocarbon dates from the mines (Collet and Collin
2023, 112). Because shaft-galleried mining is a method that would have taken years to
develop, being passed to new generations through the learned experience of mining, it is
considered unlikely that it began independently across Europe at contemporary mines.
Therefore, the knowledge of shaft-galleried must have travelled with communities well-
practised in its intricacies (Wheeler 2011; Baczkowski 2014).

Nevertheless, the start of shaft-galleried mining is still a matter of dispute. The oldest
dated shaft-galleried mines are known to date back to the 5th millennium BCE, when in
the Dutch Limburg region, Michelsberg culture communities mined flint from shaft-gal-
leried mines and produced flint long blades, and flint axeheads, which played an impor-
tant economic role (Spiennes mine, Belgium; 4350-2300 cal. BCE; Rijckholt-St. Geertruid
mine, the Netherlands; 4300-3400/2650 cal. BCE; Bostyn et al. 2018; Collet et al. 2016;
Collet and Collin 2023; de Grooth 2023). However, the flint technologies of the Funnel-
Beaker culture (FBC) communities from the Cmieléw site, southeastern Poland, the striped
flint miners’ settlement from the Krzemionki mining complex and the Swieciechéw-Lasek
mine have analogies in the lithic inventories of the Trypillia culture (Budziszewski 2006;
Pellegrin 2012; Kadrow 2016). It has been suggested that the tradition of making excep-
tionally long flint blades and flint axeheads spread, along with shaft-galleried flint mining,
from the East through the Trypillia region and the FBC communities areas in Poland and
into Scandinavia (hoards with long blades: Nielsen 2017, 2021; see Immel et al. 2020).

Pellegrin suggests that if it is confirmed that the complete debitage at Spiennes was
achieved using lever pressure with deer antlers, then its origin could be traced back to the
Polish centre at the Cmieléw site (Pellegrin 2012, 26).
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A comparison between Krzemionki and Grime’s Graves, two seemingly unconnected
mines, is significant because both adopted the shaft-galleried method early in their mining
chronology. They also represent the western and easternmost extents of shaft-galleried
mining. Finally, the comparison of these mines helps illuminate many unresolved ques-
tions about shaft-galleried mining, especially regarding how knowledge of the method
spread with communities.

EUROPEAN MINING

Mining for flint dates to the Final Palaeolithic, c. 10,500 cal. BC, including mines at
Oronsko (Werra and Kerneder-Gubala 2021) and Wotowice (Bahdo et al. 1992), both in

189,

Fig. 1. Distribution of the main European prehistoric siliceous rock mines:
1 — Casa Montero (Spain); 2 — Pozarrate (Spain); 3 — Malauc¢ne (France); 4 - La Defensola (ltaly); 5 — Olten
(Switzerland); 6 — Léwenburg (Switzerland); 7 — Asch-Borgerhau (Germany); 8 - Ri (France); 9 - Espins
(France); 10 - Jablines (France); 11 — Marais de Saint-Gond flint mine region (France); 12 - Villemaur-sur-
Vanne (France); 13 - Spiennes (Belgium); 14 - Rijckholt-St. Gerrtruid (The Netherlands); 15 — Worthing
Group (Blackpatch; Cissbury; Church Hill; Harrow Hill; UK); 16 — Wessex Group (Easton Down; Martin’s
Clump; UK); 17 - Grimes Graves (UK); 18 — Hov (Denmark); 19 — Aalborg (Denmark); 20 - Sédra-
Sallerup (Sweden); 21 — Krasne Selo (Belarus); 22 - Polovla (Ukraine); 23 - Gorodok, Visnevaya Gora
(Ukraina); 24 - Studenica, Belaya Gora (Ukraina); 25 — Oronsko — Tomaszéw (Poland); 26 — Wierzbica
Zele’ - Polany (Poland); 27 — Krzemionki — Borownia (Poland); 28 — Swieciechéw-Lasek (Poland); 29 -
Udorka (Poland); 30 - Saspéw (Poland); 31 — Wotowice (Poland); 32 — Makéw (Poland); 33 - Tusimice
(Czechia); 34 — Becov (Czechia); 35 - Lengfeld (Germany); 36 — Krumlovsky Les (Moravia, Czechia);
37 - Vienna-Mauer (Austria); 38 — Nagytevel (Hungary); 39 - Tata-Kalvariadomb (Hungary). After Lech
1981: fig. 2; Werra and Wozny 2018; Bostyn et al. 2023
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Poland. Mesolithic mines are rare but include the Polish mines of Udorka (Sudo}-Procyk
et al. 2021) and Tomaszéw (5600-5400 cal. BCE; Schild 1995, 464).

Fint mining appears to have become more widespread across the 6th millennium BCE
to early 5th millennium BCE (Kerig et al. 2015). Mines dated to the period include Defen-
sola A, southeast Italy (the beginning 6010-5720 cal. BCE; Galiberti and Tarantini 2023,
42), Casa Montero (Diaz-del-Rio 2023) and Pozarrate, central Spain (Tarrino et al. 2022a,
2022b), Krumlovsky les, Moravia (Oliva 2022, 39), and Tomasz6w, Central Poland (5000-
4800 cal. BCE; Schild 1995, 462; Schild 2023, 204). Overall, these mines produce radio-
carbon dates to the mid 6th millennium BCE, and earlier dates should be treated with
caution, as the ‘old wood’ effect is often a problem for charcoal collected from mines (Diaz-
del-Rio et al. 2023), alongside samples that are poorly contexed (Consuegra and Diaz-del-
Rio 2018).

The oldest flint mining, before the late 5th millennium BCE, was from pits, in some
cases up to 10m in depth, as found at Casa Montero (Diaz-del-Rio et al. 2023), or occasion-
ally niched mineshafts. The only galleries and chambers known from this period exist at
Defensola A. These early mines are associated with the production of blades.

Shaft-galleried mining began in the late 5th-4th millennium BCE, with mine and ap-
pears to have quickly become widespread and associated with large mine complexes, such
as, Spiennes, southern Belgium (Collet and Collin 2023), Rijckholt, the Netherlands
(Felder et al. 1998; de Grooth et al. 2023), Jablines, the Paris Basin, France (Bostyn and
Lanchon 1992), Krzemionki, Poland (Babel 2014), S6dra-Sallerup, Sweden (Berggren et al.
2016; Hogberg et al. 2023) and Krasne Siolo, Belarus (Gurina 2000). These complexes are
predominantly connected with axehead production. Whilst extraction finished at most
mines by the late 4th millennium BCE, mining continued at Spiennes and Krzemionki into
the 3rd millennium BCE. The opening of new mines is rare, except for Grime’s Graves,
which is late in the shaft-galleried tradition.

Few mines postdate the 3rd millennium BCE, when flint industries are often based on
the recycling of earlier mine waste or open quarries. One mine, Wierzbica, Poland, dates to
1800-800 cal. BCE and is associated with ‘Zele’ knives (Lech and Werra 2023).

COMPARISON BETWEEN KRZEMIONKI
AND GRIME’S GRAVES

The excavation histories of both mines are covered elsewhere (Babel 2014; Bishop
2012; Krzemionki 2018; Healy et al. 2023). The 4000+ mineshafts at Krzemionki were
discovered in the early 20th century (Fig. 2; Babel 2014; Krzemionki 2018, 154) and ini-
tially excavated in 1925. Excavations by Stefan Krukowski followed (Krukowski 1939;
Borkowski 1995; Piotrowska 2014). More recent excavations were undertaken 1969-1970
(Balcer 1975), 1979-1984 (Babel 2015), and 2006-2008 (Jedynak and Wroniecki 2022).
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Altogether, several shafts and chipping floors (workshops) were partly excavated (Babel
2015, 30-41).

Less than 30 of the 450+ known mineshafts at Grime’s Graves (Fig. 3) have been exca-
vated, with work periodically carried out from the late-19th century (Greenwell 1870) to
the mid-20th century (Armstrong 1923). The last excavation of Grime’s Graves was under-
taken in 1971-1972 (Mercer 1981).

Fig. 2. Photographs of Krzemionki. Top, a pillar-chamber mine. Photo: D. H. Werra; bottom left, the mine
field in 1957; bottom right, mineshaft protection in 1957. The photo was taken by S. Biniewski, IAE PAN
Archive in Warsaw
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Fig. 3. Photographs of Grime’s Graves. Top, the mining field; bottom left, gallery with pillars.
Credit: English Heritage Trust; bottom right, abandoned antler pick in gallery. Photo: J. Baczkowski

THE EXTRACTION CHRONOLOGY
Krzemionki

Extraction at Krzemionki began in the early 5th millennium BCE and lasted until the
mid-2nd millennium BCE (Fig. 4; Babel et al. 2005). Although no pre-36th century BC
dates are known from the mines, striped flint axeheads were being produced at FBC settle-
ments in the region surrounding Krzemionki from c. 3650 cal. BCE (Jedynak and Kaptur
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Fig. 4. Chronology of cultural periods at Krzemionki

2017; Salacinska and Satacinski 2022). Mining must have therefore been underway by the
early 4th millennium BC (Krzemionki 2018, 136). Funnel-Beaker pottery dating to the 4th
millennium BCE has been recovered from both pit and niche mines at Krzemionki
(Salacinska and Satacinski 2022), and from the surface of the mine complex and surround-
ing fields (Babel 2015, 183-199). Although Globular Amphora culture (GAC) material was
also found in the pit and niche-mines, confusing their chronology (Balcer and Kowalski
1978).

The earliest of 33 radiocarbon dates obtained from Krzemionki are from shaft 795
(Babel et al. 2005), dating to 3368-3100 cal. BCE (68.3% probability), and associated with
GAC communities mining. Other pillar-chamber and chamber-mines, shafts 805 and 815,
fall between 3100-2500 cal. BCE (Babel et al. 2005), when mining and axehead produc-
tion at Krzemionki peaked (Jedynak and Kaptur 2017).

Deep mining concluded in the mid-3rd millennium BCE at Krzemionki, and although
striped flint is still used by Corded Ware and Zlota culture communities, the character of
extraction in this period is unknown (Borkowski and Budziszewski 1995; Witkowska and
Wrlodarczak 2021; Salacinska and Satacinski 2022). In the 2nd millennium BCE Mierzano-
wice culture communities recycled the spoil heaps of earlier mines (Balcer and Kowalski
1978; Budziszewski and Wlodarczak 2010, 138, 139; Jedynak and Kaptur 2017).

Grime’s Graves

A chronology for Grime’s Graves results from 310 radiocarbon dates (Fig. 5; Healy et al.
2018). The earliest extraction is between the 27th century cal. BCE — early 24th century
cal. BCE, associated with the most complex structures, shaft-galleried mines. Simple pits,
located in the West Field, date to the late-27th century cal. BCE — 21st century cal. BCE
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Fig. 5. Chronology of mining and cultural periods at Grime’s Graves

(Healy et al. 2018, 287), overlapping with shaft-galleried mining but in use for a longer
period.

After an extraction hiatus, ‘primitive’ pits (terminology originating from the original
authors of Grimes Grave’s research) were opened in the Early Bronze Age, c. 17th century
cal. BCE, and worked until the 15th century cal. BCE. Midden deposits in the tops of mine-
shafts (Mercer 1981, 13) date to the late 15th — early 13th centuries cal. BCE, the Middle
Bronze Age (Healy et al. 2018, 288). There is no evidence of contemporary mining with
midden formation; instead, flintworking focused on the recycling of earlier mine waste
(Healy et al. 2018).

MINING METHODOLOGY
Krzemionki

Krzemionki is located at the north-east edge of the Swietokrzyskie (Holy Cross) Moun-
tains and the north-west end of the Magonie-Folwarczysko Jurassic basin on Upper Ox-
fordian limestone (159.4-154.1 Mya) that faulted in Younger Kimmeridgian orogenic
movements (Gutkowski 1998). Krzemionki is parabolic in plan, located on a syncline that
dips between 3° and 20° along an 11km-long limestone outcrop (Fig. 6). Above the lime-
stone are deposits of glacial sands and weathered clay. Within the limestone are three
stripped flint seams that, due to tectonic movements, are unevenly distributed, vary in
size, and are often cracked. The upper two seams comprise good-quality flint nodules. The
low-quality bottom seam was rarely exploited (Krzemionki 2018, 100, 108-11).
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Fig. 6. Wider landscape of Krzemionki with Lidar map:
A - Krzemionki mining field; B — Borownia mining field; C - Gawroniec hill in Cmieléw — Funnel-Beaker
culture settlement. Author: M. Skrzatek

Flint seams are not naturally exposed on the surface of Krzemionki, so it is unknown
how miners discovered their existence. It is possible that flint fragments on the surface
alerted the miners to the underlying seams, or it is possible that characteristic limestone
flora (Berberis vulgaris L., Padus avium Mill.) forewarned miners to the presence of flint-
bearing limestone bedrock (Borkowski and Budziszewski 1995, 72, 73; Babel 2015, 86;
Barga-Wieclawska 2016; Krzemionki 2018, 112-117).

There are four mine types at Krzemionki: 1) pit and shaft-niche-gallery, 2) shaft and
gallery, 3) shaft, galleried and pillar-chamber, and 4) shaft, galleried and chamber (Table
1 and Fig. 7).
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Table 1. Krzemionki mine types (after Babel 2015; Krzemionki... 2018)

Mineshaft Gallery

. . . . Mine Features Mining tools
Dimensions | Dimensions
Pit Sm< diameter Sometimes undercut/
2.5m< depth niches.

Stone wedges

Shaft-niche-gallery |4m< diameter | 1m< high Short galleries opened Flint picks

4.5m<depth |5m<long in multiple directions Antler levers and chisels
3m< diameter .
<
Shaft and gallery 7m< deep 7m< long Pillars
Shaft, galleried and | 3m< diameter | Im< high Radial galleries Flint picks
pillar-chamber 7m< deep 8m< long Pillars Antler levers and chisels

3-4 radial galleries
Timber props Flint pickaxe
Slab supporting walls

Shaft-galleried and | 3m< diameter | 1.2m< high
chamber 9m< deep 20m< long

Pit and shaft-niche-gallery

Open pits are located on the outer edge of the complex, where shallow flint seams are
weathered and of poor quality due to the syncline. These pits take on two forms: pits
and shaft-niche-gallery. The pits were kept small and shallow, probably because of
weak bedrock wall structure, although small undercuts were often developed in their
bases (Fig. 7: 1).

Shaft-niche-gallery mines were opened to exploit deeper, better quality flint seams,
extracted from the shaft bottom and by the opening of short galleries. They were worked
with a variety of stone, flint, and antler implements (Krzemionki 2018, 123).

Shaft and gallery

Few shaft and gallery mines are recorded at Krzemionki, probably because the well-
bedded limestone allowed large and stable workings, such as chamber mines (Fig. 7:2).
One mine, no. 8/669 (excavated in 1985) is an example of a shaft and gallery mine which
connected the gallery (Krzemionki 2018, 124).

Shaft, galleried and pillar-chamber

Shaft, galleried and pillar-chamber are amongst the deepest mines at Krzemionki (Fig.
7: 3). Their defining features are in situ bedrock pillars formed at the base of mineshafts
and within galleries. Mineshaft spoil was often deposited into redundant shafts previously
excavated shafts. Within the basal system, spoil was backfilled into exhausted galleries. To
extract flint nodules from the bedrock, niches were cut above the nodule, which was then
levered free with wooden wedges. Pine (Latin: Pinus) torches or firebrands were used to
provide working light; these were maintained by scraping their charred tips against the
mine wall, leaving distinctive charcoal ‘cleaning’ marks (Krzemionki 2018, 124, 125).
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Shaft-galleried and chamber

Shaft-galleried and chamber mines, the apex of mining at Krzemionki, comprise mine-
shafts which join radial galleries (Fig. 7: 4). In the chamber mines, galleries were dug radi-
ally in three directions, extending approximately 4 to 6 or 7 meters. This method allowed
miners to determine the extent of the area to be worked. The next stage involved longwall
mining on one or both sidewalls. Once the area was opened, flint was extracted from the
gallery walls in a fan-like pattern, with extraction progressing from the ‘longwall’ working
faces by removing flint nodules (see Fig. 7: A). Mine spoil was stacked within empty galler-
ies to support the roof. Once the galleries reached a certain length, the chamber perimeter
was extended in the same manner, sometimes a second or even a third time, progressively
moving away from the shaft. The old galleries then became access routes, and as extraction
continued, new chambers were opened. Additional access galleries were created from the
mine spoil, which was supported by limestone blocks and wooden prop-like structures
(Babel 2014, 25; Krzemionki 2018, 126).

A distinctive flint pickaxe, cigar-shaped, thick, and cylindrical with a sharp point and
blunted hammerhead, was developed to work the shaft-galleried and chamber mines.
Chamber-mines reached up to 500m* and it is estimated that enough flint to produce up
to 7000 axeheads could be extracted from a single working (Borkowski et al. 1991, 616,
617; Borkowski 1995, 511-518; Krzemionki 2018, 122-126).

At the top of shaft 7/610, an arc of 16 postholes surrounded its entrance, interpreted as
a cone-shaped shelter that covered the mineshaft to protect the workings and miners from
the elements (Babel 2014, 97).

Grime’s Graves

The Grime’s Graves mine complex is located on Upper Cretaceous Late Turonian White
Chalk (93.9-89.8 Mya) that contains nodular and tabular flint of the Brandon Flint Series
(Mortimore and Wood 1986). The landscape is typified by undulating sandy heathland,
the Breckland (Fig. 8). The upper chalk was subjected to Pleistocene glacial erosion and
cryoturbation, and is covered by gravels, sands and tills, up to 2.5 m in depth.

Mine features at Grime’s Graves are broadly divided into three forms: 1) galleried
mines, 2) simple pits and 3) primitive-pits (Fig. 9).

Galleried-mines

The mineshafts of galleried mines were generally opened individually, although on oc-
casion they were excavated in groups (Bishop 2012, 44). Floorstone flint was initially re-
moved from the mineshafts’ base, after which flint seams were followed by radiating gal-
leries, eventually forming a basal system.

In the galleries, chalk pillars and walls were left in situ to support the roof. Empty gal-
leries were backfilled with spoil from newly opened ones, negating their transfer to the
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surface and helping to prop them up. Floorstone nodules were levered from the floor using
red deer antler picks, large amounts of which were found abandoned.

Simple pits/primitive pits

Simple pits and primitive pits are in the north and West Field area of the complex,
where the upper chalk flint seams are close to the surface but are glaciated and of low qual-
ity. In the simple pits, flint was extracted from superficial chalk geology, although floor-
stone was occasionally exploited (Healy et al. 2023).

The primitive pits are not named by chronology, but rather because they are techno-
logically less advanced than the galleried mines. Flint was exploited in the Primitive-pits
via undercuts from both the glacial deposits and floorstone. Unlike simple pits, working in
the primitive pits was undertaken with animal bone picks, rather than antler.

Table 2. Grime’s Graves mine types (after Bishop 2012; Healy et al. 2018; 2023)

Mineshaft Gallery

. . . . Mine Features Mining tools
Dimensions Dimensions

Mine Type

Radial galleries Pillars. Red deer antler picks

. . 12m< diameter | 1.5m< height Walls between galleries. . .
Galleried-mines . . Occasional flint and
13m< deep 3.5m< wide Windows and doorways .
. stone picks/axes
>15m long between galleries

4m< diameter

Simple-pits Red deer antler picks

4m< deep
Primitive’ pit 4m< diameter Niches cut at mid-shaft B ok
AmUve s | 5 < deep and base of pit one pieks
WORKSHOPS AND PRODUCTS

Krzemionki

In Krzemionki, the primary processing of flint, mainly flint axeheads, was carried out
at the tops of mineshafts (Babel 2015, 99-112). In the workshops, raw flint was sorted, with
large nodules reduced on stone anvils before the shaping of axehead roughouts. Flint nod-
ules were processed into blocks for transportation to settlements or for long-distance trade
(Salacinska and Satacinski 2022).

The processing of flint was organised differently by the Funnel-Beaker and Globular
Amphora cultures at Krzemionki (Borkowski et al. 1991; Borkowski 1995; see Fig. 10).
Funnel-Beaker workshops are located both within and outside the mine complex. Their
axeheads were tetrahedral, square, or wedge-shaped, and often polished across entire sur-
faces or just at their cutting end (see Fig. 10: 1; Borkowski et al. 1991, 622; Jedynak and
Kaptur 2017). It is argued that axeheads were mass-produced by FBC communities for
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Fig. 10. Striped flint axes, a typical Krzemionki mine product, by cultural period: 1 - Funnel-Beaker culture
(‘Gawroniec hill’ at Cmielow); 2 — Globular Amphora culture (Krzemionki mining site); 3 — Mierzanowice
culture (Kichary Nowe, site 2, Sandomierz district). Photo: D. H. Werra
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Fig. 11. Selection of typical Grimes Graves mine products. 1 — Discoidal knife roughout; 2 — Bifacial axehe-
ad; 3 - Irregular biface, a possible pick. Credit: English Heritage Trust. Photo: ). Baczkowski
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woodland clearance (Babel 2015). Other FBC communities lithics included chisel blades,
dihedral forms, and, occasionally, long blades, manufactured in workshops at the mine
and at settlements in the wider region (Salacinska and Salacinski 2022).

During GAC communities mining, workshops are found mainly on the mine and are
often accompanied by camps. At workshops, the entire technological cycle of axehead and
chisel production is evidenced. The number of workshops and accumulation of production
waste reflect the vast scale of exploitation.

Globular Amphora culture axeheads were flat, wedge-shaped, and often completely
polished (Fig. 10: 2). They are recovered from a variety of archaeological contexts, includ-
ing pits at settlements and human graves, leading to the proposal that they became sym-
bolic objects, before or after use (Borkowski 1991, 622; Babel 2014, 14). During the Early
Bronze Age, the Mierzanowice culture produced bi-facial polished axeheads from Krzemi-
onki flint (Fig. 10: 3).

Grime’s Graves

At Grime’s Graves, primary dense flintworking floors were located close to mineshafts
(Mercer 1981, 32). Working floors are also recorded 60om from the complex with smaller
densities, although it is uncertain if they are associated with any mineshafts (Bishop 2012).

The full range of forms manufactured at Grime’s Graves is not clear. Known products
include flake axeheads and discoidal knives, as well as bifaces, including picks, points, waist-
ed tools, and oblique arrowheads (Saville 1981; Bishop 2012; Lech 2012; see Fig. 11). A Leval-
lois method was developed to produce discoidal forms (Saville 1981, 6, 7). There is often
a lack of cortical flakes, large flakes, and cores in the working floors, indicating that primary
working was carried out elsewhere and prepared cores were removed (Lech 2012; Healy
et al. 2023). The production of these forms was continuous across the span of the galleried
mines and simple pits, despite the differences in the quality of raw material (Lech 2012).

Little is known about flintworking in the 2nd millennium BCE. Limited production of
multi-platform flake cores was carried out using recycled waste from earlier deep mines.
Also, floorstone may have been used to produce quern stones as suitably abrasive rock is
not locally available (Healy 1996, 96).

MINING AND SETTLEMENT

There is little evidence of settlement directly on both mines, possibly due to a paucity
of immediate sources of fresh water. It is also likely that occupation evidence may have
been buried or destroyed by continuous mining. The nearest year-round water sources are
rivers, the Little Ouse at Grime’s Graves and the Kamienna at Krzemionki, located 1.2 km
and 3.7km from the complexes, respectively (Babel 2014; Healy et al. 2023).
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Krzemionki

Located in the wider landscape of Krzemionki are karst sinkholes that provided sea-
sonal water. One excavated sinkhole contained flint debitage from all stages of both FBC
and GAC communities’ axehead production (Zalewski 1996). The sinkholes are likely to
have been the location of seasonal mining camps. Occupation evidence, including hearths,
pottery, and animal bone, was also recovered from working floors surrounding the mine-
shafts. The structures capping the mineshafts presumably functioned as shelters. To date,
no evidence of houses is recorded (Babel 2015, 112, 113).

Grime’s Graves

Settlement evidence at Grime’s Graves is lacking, although there is limited domestic
evidence documented in the galleries in the form of hearths and Late Neolithic Grooved
Ware pottery. The pottery is exclusively bowl-forms, suitable for cooking and eating
rather than storage. It is reasoned they relate to short-term occupation (Longworth et al.
1988, 14), although this seems incompatible with the timescale of mining (Healy et al.
2023).

WIDER LANDSCAPE AND DISTRIBUTION
Krzemionki

There is good knowledge on the movement of stripped flint from Krzemionki, due to
the distinctive character of the flint and its limited geological distribution. The only other
source of striped flint, “Krako6w-Czestochowa striped flint”, is from the Holy Cross Moun-
tains, and there is no evidence of it being mined (Sudol-Procyk et al. 2021)

It has been calculated that Krzemionki flint accounts for over 90% of striped flint in
assemblages (Borkowski and Budziszewski 1995). In the wider region of Krzemionki FBC
communities settlements, including ‘Gawroniec hill’ at Cmieléw and Stryczowice, are lo-
cated along river valleys below the Sandomierz Uplands. Both settlements contained large
assemblages of striped flint, including axeheads (Salacinska and Salacinski 2022). It is
considered that both settlements were the ‘home’ of miners who carried large quantities of
flint from Krzemionki for mass processing (Kowalewska-Marszalek 2019). It seems that
‘Gawroniec hill’ (Balcer 2002, 161) was the central settlement in this raw material econo-
my, as its inhabitants processed striped flint on a scale exceeding their needs. Other river
valley settlements were smaller and lacked traces of intense flint processing. Likely, these
communities did not have access to flint deposits (Krukowski 1939, 73; Balcer 1975, 180,
1995; Borkowski et al. 1991; Uzarowicz-Chmielewska and Salacinska 2013).
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The Sandomierz Uplands are also where GAC settlements associated with Krzemionki
(Kowalewska-Marszalek 2019) were located, including Mierzanowice and Krzczonowice
(Jedynak and Kaptur 2008; Salaciniska and Salaciniski 2022). These settlements differ in
character and range from those of the FBC communities (Kowalewska-Marszalek 2019),
because GAC communities are associated with increased mobility and a lifestyle centred
on short-lived camps (Szmyt 2017). There is scant evidence of striped flint being worked at
GAC communities settlements beyond those directly located at Krzemionki, indicating
that the mine complex was the focal point for production during this period (Borkowski et al.
1991; Borkowski 1995, 522, 523; Jedynak and Kaptur 2008; Szmyt 2017; Kowalewska;
Marszalek 2019; Salacinska and Salacinski 2022).

Grime’s Graves

Settlement evidence in the Breckland area surrounding Grime’s Graves is mostly pre-
sented by flint scatters (Healy 1998; Healy et al. 2023) and occasional pit groups along
river valleys (Bishop 2012, 325). Analysis of lithic assemblages from settlements indicates
flint was generally locally sourced rather than imported (Bishop 2012). Therefore, Grime’s
Graves flint is thought to have only supplemented local supplies (Bishop 2012, 330).

In the wider region, analysis of lithic scatters from eastern England is dominated by
locally sourced flint from river gravels, till and beach deposits, with only a fraction possibly
from Grime’s Graves (Healy 1996, 52; Bishop 2012).

Evidence of Grime’s Graves flint travelling long distances is rare but may include high-
quality chalk flint found in assemblages in Mid-Wales and the East Midlands (Healy et al.
2023, 146). There are also four oversized ‘keeled cores’, weighing 15kg-26kg (Harding and
Lord 2017). Three of the cores were recovered from within 40km of Grime’s Graves. How-
ever, a fourth was recovered from West Kennett, close to Avebury henge, Wiltshire, located
c. 200 km from the mines. Negative flake scars on the cores are for discoidal knives blanks
(Harding and Lord 2017), a product associated with Grime’s Graves. Finally, two Cornish
axeheads found at Grime’s Graves hint at long-distance connections, as their source is
500km away.

DISCUSSION

There are notable differences between the chronology of both mines. At Krzemionki,
striped flint sourced from the mines was worked at FBC communities settlements in the
early 4th millennium BCE (Salacifiska and Satacifiski 2022), contemporary with the start
of shaft-galleried mining across Europe, including England (Edinborough et al. 2019). In
contrast, Grime’s Graves dates to the final centuries of the shaft-galleried mining tradition
in the mid-3rd millennium BCE.
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Comparable chronologies occur in later phases at both mines with shaft-galleried min-
ing finishing before the 2nd millennium BCE, after which simpler extraction methods were
employed. Flint industries at both mines in the 2nd millennium BCE were based on the
recycling of older mine waste. Recycling of mine waste is also documented at other mines
across the 3rd-2nd millennium BCE, including in southern England (Baczkowski 2022)
and Sweden (Berggren et al. 2016; Hogberg et al. 2023).

It is notable that recycling activity occurs after bronze had started to transform socie-
ties in Britain and Poland, a process impacting on flint reliant communities (Bradley et al.
2016; Kadrow 2017; Parker et al. 2019; see Lech et al. 2015; Oliva 2022, 67ff) who may
have wanted to retain a connection to a deep-rooted tradition, shaft-galleried mining.

Methodology and origin

Similarities exist in shaft-galleried mining, which requires a sophisticated knowledge
of bedrock conditions. At both mines, this knowledge is expressed in the careful placement
of pillars and walls in galleries to support bedrock stresses.

Although, as found at all flint mines, geology governs extraction at Krzemionki and
Grime’s Graves, with shaft-galleried mines targeting deep flint seams and pits exploiting
shallow ones, the difference in structures is not evolutionary. The chronology is not clear
at Krzemionki, although shaft-galleried mines were most probably opened in the early 4th
millennium BCE, as evidenced by the presence of striped flint at FBC settlements con-
nected to the mines. However, there is still a lack of radiocarbon dates, which will evi-
dently connect different types of mining features with the activities of particular prehistoric
communities. However, there is no evidence of evolutionary development of extraction
features. The simple workings also post-date subterranean workings at Krzemionki, as at
Grime’s Graves.

Mining at Krzemionki started in the 4th millennium BCE when FBC communities were
expanding into areas beyond those previously settled by Linear Pottery Culture communi-
ties, including the opening of land along river valleys below the Sandomierz Uplands
(Babel 1980, 592; Borkowski and Budziszewski 1995, 75; Nowak 2017; Krzemionki 2018,
977). Axeheads from Krzemionki were in demand for woodland clearance, and grey-white
spotted flint from the Swieciechéw mines was also used to produce axeheads and long
blades for the processing of crops. Both Swieciechéw grey-white spotted flint and Krzemi-
onki striped flint are recorded at the ‘Gawroniec hill’ settlement at Cmieléw (Balcer 1995;
2002; Budziszewski 2006), showing the importance of mining to pioneer communities for
providing material needed for woodland clearance and agriculture.

At Grime’s Graves, the shaft-galleried mines are the earliest mining features chrono-
logically. This strongly suggests that shaft-galleried mining was introduced specifically to
Grime’s Graves by communities already familiar with the method (Healy et al. 2018, 290),
especially since no British shaft-galleried mines are chronologically close to the mid-3rd
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millennium BCE. Although it is worth noting that shaft-galleried mining at the southern
British mines began around 3900/3800 cal. BCE, it had all but ceased by 3400/3300 cal.
BCE (Edinburgh et al. 2019), which meant an almost 800-year gap before it began at
Grime’s Graves. This infers that at that shaft-galleried mining is not an insular innovation,
as it is unlikely that the knowledge, or memory, of shaft-galleried mining would have been
retained for such a long break (Healey et al 2018, 290). It is further notable that when
shaft-galleried mining started at Grimes Grave’s the recycling of mine spoil, and possibly
even the opening of new mines, also commenced at the earlier and long abandoned
southern English flint mines in the mid-3rd millennium BCE (Baczkowski 2022), indi-
cating a renewal of interest in lithic sources and production in the final centuries of the
Neolithic.

Understanding the origins of Grime’s Graves is difficult, with no contemporary mining
in Britain and no obvious connection with any Continental mines, although shaft-galleried
mining was underway at Spiennes (Belgium, 4350-2300 cal. BCE; Collet et al. 2008; Col-
let and Collin 2023), and mines in the Paris Basin (Bostyn et al. 2018), as well as Skovbakken
(Denmark, Late Neolithic, 2300-2100/2000 cal. BCE; Sgrensen 2015, 6, 25).

The proposed continental origin of Grime’s Graves challenges the idea of insularity in
the British Late Neolithic period (Allen et al. 2012). It is possible that the entire commu-
nity, or some of the skilled miners, were incomers, possibly from the Continent, but this
phenomenon has not been thoroughly examined. To understand how miners spread their
knowledge, a comprehensive analysis of their work procedures is essential. This analysis
should include a review of the technical aspects of underground exploration, as well as
research into long-distance contacts and exchanges. The location of Grime’s Graves is also
significant for understanding this phenomenon, as the mines are situated less than 15 km
from the modern coastline, within a vast area of wetland and estuary known as the Fens.
Mining groups may have accessed the area through this coastline, which has a rich history
of prehistoric activity (Healy 1996).

Other concentrations of finely worked Late Neolithic flintwork around the British Isles,
including discoidal knives, indicate that coastal locales were important for the exchange of
material culture (Bradley 2022). If Grime’s Graves was connected to coastal trade, it might
explain the scarcity of mined flint from local settlements if it was exported via maritime
routes (Bradley 2022, 30), although it is acknowledged that direct knowledge on the wider
distribution of Grime’s Graves flint is lacking.

The origins of this cultural phenomenon, shaft-galleried flint mining, remain under
investigation. In both presented sites, this extraction method appears as a fully developed
technique. At the Krzemionki mining complex, this method was introduced alongside the
emergence of FBC communities. Similarly, for the Grime’s Graves mine, it seems that the
innovation was not locally developed but rather introduced by incoming communities.
The question remains: where did the impulses for this excitation method originate?
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Products

At Krzemionki axeheads were produced throughout the entire working life of the mine,
although the use of axeheads may have altered over time.

Initially, mining at Krzemionki appears to have been driven by necessity, as no striped
flint can be surface sourced. However, it is difficult to interpret axehead production as
driven solely by demand. Axeheads are not exclusively quotidian. They contain symbolism,
signified by their deposition into pits, graves and other contexts across Europe throughout
the Neolithic and Early Bronze Age periods (Davis and Edmonds 2011). Excessively polished
Krzemionki axeheads were often deposited unused into pits, inferring that they were
meant for deposition and not use. For example, later in the chronology of Krzemionki, the
Globular Amorpha Culture deposited highly polished axeheads into graves and pits (Szmyt
2010; Przybyla et al. 2013; Babel 2014, 41ff). Also, it cannot be ruled out that the aesthetic
value of striped flint may have increased the demand for polished axeheads in the history
of Krzemionki mining (see Nobis 2018).

At Grime’s Graves, axeheads were only a small component of the lithics being pro-
duced from mined flint. This is unlike the Early Neolithic southern British mines, which
were associated with bi-facial axeheads produced for woodland clearance by incoming
farming communities (Brace et al. 2019). The demand for axeheads had waned by the Late
Neolithic, and extraction in mining areas had shifted to surface sources (Gardiner 1990).
This makes Grime’s Graves an oddity because there is no obvious need for large-scale flint
procurement in the Late Neolithic. Mining at Grime’s Graves may have therefore fulfilled
a less prosaic role, and it is argued that the mines were a place for community gatherings
associated with the production of ‘special objects’ (Bishop 2012). These ‘special objects’,
such as discoidal knives, were often symbolically deposited into pits alongside Grooved
Ware pottery (Healy 2012). Similar pieces were also produced on waste flakes from Early
Neolithic mines, including the southern English mines (Baczkowski 2022) and S6dra Sal-
lerup, Sweden (Berggren et al. 2016; Hogberg et al. 2023).

Cultural importance of mining

It has long been acknowledged that Krzemionki and Grime’s Graves were production
centres from which lithics were distributed, but this is only part of their narrative because
mining has demands beyond the extraction face requiring complex social organisation.
Entire communities must have been engaged in mining or related activities because
miners needed support with sustenance and materials, including wood for structures, ant-
lers for picks and stone for hammers. The scale and duration of mining at both mines in-
dicate that extraction episodes lasted for many months. This infers that occupation was
directly upon, or close to the mines. It is unlikely that miners settled far from the mines.
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Water could be sourced within a practical distance from both mines, including from
seasonal sinkholes and rivers, the Kamienna at Krzemionki and the Little Ouse at Grime’s
Graves. Settlements were probably located close to these water sources, with miners travel-
ling short distances or supported by communities at these camps. The temporal character
of evidence, including hearths, occasional animal bones and a paucity of large storage ves-
sels, may support this model.

That both mines were close to rivers is further helpful for trading and exchanging mine
products. Mined flint may have been traded along these watercourses between riverside
settlements, forming long reaching distribution networks. Because Krzemionki striped
flint is easily provenanced, research has shown that it was widely distributed from the
mines. Material from GAC communities mining in the 3rd millennium BCE has been found
up to 660km from the mine (Balcer and Kowaski 1978; Babel 1980, 595; 2015, 128).

Of the limited evidence of Grime’s Graves flint being exported from the mines, the four
oversized cores are most notable. If the oversized cores originate from Grime’s Graves,
they may represent similar export pieces only surviving because they were venerated
(Harding and Lord 2017), or simply because they were a forgotten reserve waiting for re-
duction. Future analysis of these cores to provenance their source would help attribute
them to Grime’s Graves and possibly increase knowledge of the movement, and use, of
mined flint.

During extraction episodes, the mines and wider environs would have been busy with
community activities. In this respect, mines operated like large-scale community monu-
ments (Edmonds 1999; Bishop 2012), increasing their significance. The experience of min-
ing and the performance of lithic production would have enhanced the cultural and sym-
bolic value of mines (Whittle 1995; Oliva 2018; Topping 2021).

Mines endured as meaningful locales for successive generations, and seasonal mining
may have brought together disconnected communities, maintaining cultural links, know-
ledge transfer and social relationships (Babel 1997; 2015; Topping 1997; Berggren et al.
2016; Castaneda 2018; 2021; Bostyn 2023, 363; Diaz-del-Rio et al. 2023; Hogberg et al.
2023). After mining waned, non-mining communities continued to visit the mines to recy-
cle mine waste, either because the spoil heaps of abandoned mines were an easily exploit-
able resource or because communities still held cultural links to the mines (Lech et al.
2015; Oliva 2022).

Wider significance of mining

Both mines reflect wider cultural narratives and transformations. At Krzemionki, mining
arrives with incoming FBC communities who may have originated from a merger of farm-
ing communities with hunter and gathering groups in southern Scandinavia, northern
Germany and Poland (Nowak 2017; Gron and Serensen 2018). Although the origins of the
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FBC communities are debated, with DNA analysis showing a complex mixing of FBC and
post-FBC Neolithic communities (Fernandes et al. 2018; Gron and Serensen 2018).

The cultural meaning of mining at Krzemionki shifted with the arrival of GAC com-
munities, coinciding with a migration of groups from the Pontic steppe (Tassi et al. 2017).
Although the lifestyles of GAC communities were based on mobility and pastoralism (Szmyt
2010), and mining at Krzemionki became more complex with the development of chamber
mines. During this period, the distribution of striped flint axeheads from Krzemionki in-
creased, and they were now deposited alongside human burials.

After mining finished at Krzemionki, the mines were visited by incoming Bell-Beaker
communities, whose recycling of mine waste is documented by striped flint found at their
Sandomierz Upland settlements (Budziszewski and Wlodarczak 2010, 69). The same recy-
cling is observed at Grime’s Graves. Even after shaft-galleried mining ceased both mines
therefore retained an importance in supplying flint, regardless of whether this recycling
was for cultural or practical reasons.

At Grime’s Grave, the arrival of Bell-Beaker communities into the British Isles in the
second half of the 3rd millennium BCE marked a period of change when the cultural land-
scape shifted from an insular Late Neolithic (Parker Pearson et al. 2019). It may be no
coincidence that in this period shaft-galleried mining was abandoned, and simple pit ex-
traction began (Healy et al. 2018).

It is notable that, although galleried mining lost its importance, the production of ‘spe-
cial’ lithics continued even after all forms of mining ceased, and only waste recycling re-
mained. Throughout this cultural transformation, the same fine lithic forms are produced
at Grime’s Graves. This may show a community at odds with a world being transformed by
bronze, preferring to continue previous traditions (Healy et al. 2018).

Analysis of DNA in this period shows both the eventual replacement of British Neo-
lithic populations (Olalde et al. 2018) and the nuances of social relationships with incoming
Bell-Beaker communities (Booth et al. 2021). The waxing and waning of mining links
Grime’s Graves to wider cultural shifts within a changing world, when old customs were
being lost or renegotiated. It is possible that mining at Grime’s Graves was founded by an
incoming community because they decided to continue a mining and lithic tradition that
was an important part of their cultural identity.

CONCLUSION

It is recognised that Grime’s Graves and Krzemionki are located hundreds of kilome-
tres apart, making any direct connection impossible. However, this paper has shown that
both mines share an extraction methodology that originated in the late 5th millennium
BCE, which by the early 4th millennium BCE had become associated with many mines
across Europe.
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Shaft-galleried mining presumably originated at a yet to be identified location in the
late-5th millennium BCE, becoming the method associated with large, persistent mines.
Grime’s Graves, established in the mid-3rd millennium BCE, represents one of the last cul-
tural expressions of a tradition that had its origins over a millennium earlier and under-
pinned extraction at Krzemionki.

Overall, both mines reflect wider narratives of cultural transition and were locales for
lithic production and gatherings. They were manifestly more than just extraction sites.
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