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Mesolithic charcoal-rich pits: “pit hearths” or “ant nests”
A short response to Huisman et al. (2020)

Philippe Crombé & Roger Langohr

1. Introduction

This short note is a response to the paper from Huisman et al. “Arguments in favor 
of an anthropogenic origin of Mesolithic pit hearths.  A reply to Crombé & Langohr 
(2020)” published in 2020 in Journal of Archaeological Science.  The Huisman et al. (2020) 
paper argues against the theory of a natural origin related to the burning of ant nests, 
as proposed by Crombé et al. (2015) in a paper entitled “Mesolithic hearth-pits: fact 
or fantasy? A reassessment based on the evidence of the sites of Doel and Verrebroek 
(Belgium)” and further developed in a reply paper entitled “On the origin of Mesolithic 
charcoal-rich pits: A comment on Huisman et al. (2020)” (Crombé & Langohr, 2020).  In 
this short note we want to highlight some inconsistencies and shortcomings in the argu-
mentation of Huisman et al. (2020), which undermine the theory of an anthropogenic 
origin of these features.  Below we will follow the same structure as the latter paper.

2. Anthropogenic indicators?

2.1. (Supra)regional spatio-
temporal patterns

Huisman et al. (2020) argue that 
the overall and regional spatio-
temporal patterning of “pit 
hearths” is in favour of their 
anthropogenic origin.  The fact 
that the vast majority of these 
features situate in northern 
Netherlands, north of the Rhine 
and Meuse (Fig. 1), and much 
less in the remaining parts of 
the NW European coversand 
area, is explained as “a reflec-
tion of geographical variability 
in culture-specific activities by 
humans”.  However, according 
to us it merely reflects profound 
differences in the post-depo-
sitional evolution of different 
areas within the extensive NW 
European Plain.  The clustering 
of “pit hearths” north of the 
Rhine and Meuse coincides 

Fig. 1 – Distribution map of Mesolithic sites with “pit hearths” in the coversand 
area of the northwest European plain showing the location of the sites of 

Verrebroek (1) and Doel (2) (Crombé et al., 2015).
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Fig. 2 – An example ant network map illustrating activities 
such as foraging trails and inter-nest trails between multiple 
spatially separate but socially connected nests.  The spatial 
lay-out of these contemporaneous ant nests mirrors the 
spatial configurations observed in Mesolithic “pit hearths” 
(Burns et al., 2020).

spatially with the distribution of Holocene wetlands within the Netherlands.  Indeed, 
from the Atlantic to Subboreal transition onwards northern Netherlands gradually got 
covered by peat sediments, resulting in a generally good preservation of the Mesolithic 
(coversand) landscape, sites and features.  In contrast this sedimentary cover is largely 
lacking in the coversand area of southern Netherlands and northern Belgium inducing 
a much less favourable site preservation.  In the latter regions the Pleistocene sediment 
is generally affected by erosion, bioturbation and ploughing, up to a depth of between 
40 and 60 cm and locally even more.  This implies that “pit hearths” which are usually 
not much deeper than half a meter, are no longer or just incidentally (just the deepest 
ones) preserved. Not coincidentally, the only two sites within northern Belgium which 
yielded dense concentrations of “pit hearths” - the sites of Verrebroek-Dok1 and Doel-
Deuganckdok sector B - are situated in comparable wetland contexts as the sites in 
northern Netherlands.  This proofs that these features only survive when sealed by later 
sediments.  So, the general distribution pattern is significantly biased by site-taphonomy 
rather than reflecting human behavior1.

2.2. Local and intra-site distribution patterns

We agree with Huisman et al.’s statement that generally there is an (apparent) intra-site 
spatial differentiation between clusters of “pit hearths” and flint scatters, as on most 
sites there is hardly any spatial overlap between both, although the impact of erosion 
and soil truncation cannot be denied here (see 3.3).  However, we do not agree that 
this necessarily reflects a “deliberate spatial layout”, i. e. an intrasite spatial separation 
between a special activity (“pit hearth” zone) and domestic zone (lithic scatters).  It is 

perfectly imaginable that the Mesolithic occupants 
of a site did not really felt attracted to settle in 
between active ant hills and instead tried to avoid 
these areas as much as possible.  Furthermore 
the intra-site spatio-temporal patterns cited by 
Huisman et al. (2020) as proof of human behaviour, 
such as the recurring spatial configurations of 
“pit hearths” (linear, triangular, rectangular and 
polygonal pit configurations), the spatial shift 
of these features over time (e. g. from west to 
east of the site) and the synchronicity between 
features within a same configuration, can all be 
perfectly explained by ant activity.  As mentioned 
in our reply-paper (Crombé & Langohr, 2020), ant 
colonies do not have to be restricted to a single 
nest, they can comprise multiple spatially separate 
but socially connected nests, a phenomenon 
termed polydomy (e. g. Procter, 2016; Robinson, 
2014).  Often these socially connected nests 
occur spatially clustered, representing a shared 
territory, which closely match the spatial layout of 
“pit hearth” configurations (Fig. 2).  Furthermore, 
recent research has demonstrated that ant colonies 
regularly shift their nests.  In the National Trust’s 
Longshaw Estate in the Peak District (UK) Burns 
et al. (2020) reported over a period of 8 years 

1 The almost complete absence of “pit hearths” in the wetlands of western Netherlands is entirely due to the 
too deep position of the Pleistocene substrate, which hinders (large-scale) excavations of Mesolithic sites.
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more than 900 wood ant nests representing several polydomous colonies, each colony 
occupied by a mean of ten nests (range 4-20).  They found that most polydomous ant 
nests (58.4 %) are abandoned in the first 2 years after being constructed and new ones 
were established a bit further.  This high frequency of relocation of ant nests results in the 
formation of extensive ant nest complexes, very similar to clusters of “pit hearths”.

2.3. Charred plant remains in the pits: composition

Huisman et al. (2020) argue that the presence of multiple wood species in numerous “pit 
hearths” dated < 8000 uncal BP, some including non-local “wet” species such as Alnus and 
Salix, combined with the fact that ants cannot move large wood fragments, definitely proofs 
the man-made origin of these features.  Yet, the authors do not at all take into account 
that “pit hearths” are not always fully homogenous and in fact are potentially mixed 
contexts. This has been demonstrated many times by the (relatively frequent) occurrence 
of residual and/or intrusive remains in these features, mostly carbonized hazelnut shells 
and lithic artefacts.  Cross-dating of hazelnut shells on various sites has clearly proven these 
to be either older or younger than the charcoal dates from the same features (Crombé 
et al., 2013b; Hamburg et al., 2012: tab. 5.1).  They are interpreted as settlement waste 
from the Mesolithic surface which accidentally got trapped in “pit hearths”.  Although 
Huisman et al. (2020, 4) accept that most if not all lithic artefacts and hazelnut shells in “pit 
hearths” are residual or intrusive, they do not make the logic reflection that this can also 
apply to other items in these features, such as charcoal and incidental charred aquatic and 
wetland plant remains (e. g. macro- and parenchymal remains).  It is perfectly imaginable 
that part of the charcoal and other plant remains from surface hearths, generally situated 
within lithic scatters, ended in “pit hearths” due to ant activity, just like lithic artefacts and 
charred hazelnut shells.  This particularly holds for sites displaying some degree of spatial 
overlapping between “pit hearths” and lithic scatters2.  This is the case at the extensive site 
of Dronten-N23, yielding over 772 such features and representing therefore one of the 
most important “pit hearth” sites of northern Netherlands.  In fact, at this site the spatial 
distribution of the “pit hearths” (Hamburg et al., 2012: fig. 5.4) matches perfectly that of 
the (lithic) settlement waste (Hamburg et al., 2012: fig. 2.13), implying that here the risk of 
“contamination” with residual and/or intrusive material is extremely high.  This is corrob-
orated by the frequent occurrence of charred hazelnut shells in “pit hearths”, the majority 
dated older or sometimes younger than the charcoal (Tab. 1).  Interestingly, precisely at 
Dronten the frequency of “pit hearths” with a multiple charcoal composition is particu-
larly high, as can be deduced from figure 1 in the Huisman et al. (2020) paper.  So, there is 
no reason to assume that only hazelnut shells accidentally ended in “pit hearths”.  Several 
other Mesolithic sites, such as Verrebroek-Dok 1 (wrongly mentioned by Huisman et al. 
as example of spatial differentiation), Kampen-Reevediep and Hempens also display spatial 
overlaps, albeit on a more local level, hence charcoal admixture probably is much more 
common than hitherto assumed.

In order to verify the above assumption of mixed charcoal contexts, much more effort 
should be invested in cross-dating “pit hearths” on charcoal samples from different wood 
species using AMS dating on single-entity samples.  The few attempts so far (Tab. 2) revealed 

2 We agree with Huisman et al. (2020) that spatial overlap “is more likely to be a function of the extent of the 
habitable area; if it is relatively small, repeated use would ultimately lead to a palimpsest of different, non-
synchronous activities involving pit hearths and flint.” Since it has been demonstrated that many Mesolithic 
sites are in fact spatial or cumulative palimpsests resulting from repeated re-occupation (Crombé et al., 
2006, 2013a) spatial overlapping between “pit hearths” and lithic scatters probably is more frequent than 
hitherto assumed, but is overlooked due to limited/partial excavation of lithic scatters and the truncation 
and/or careless excavation (Huisman et al., 2020, 4) of the top of the coversand, in which the bulk of the 
lithic scatters is situated.
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that charcoal dates from a same feature are not always perfectly contemporaneous, 
indicating that some mixing among the charcoal needs to be seriously considered3.

3. Lack of anthropogenic indicators

3.1. Lack of rubified soil material

We follow Huisman et al. (2020) in their statement that soil reddening is dependent 
on various factors, such as moisture content and properties of the soil iron oxide 

Tab. 1 – List of charcoal dates from “pit hearths” which have been dated on two or more samples.
Although generally dates within one feature are consistent, in at least five cases statistical differences
can be observed which indicate integrity problems.  For references to sites, see Crombé et al., 2013b.
Analysis performed with the IntCal13 curve (Reimer et al., 2013) and the OxCal online version 4.3.

3 Interestingly, two of the five cases of incompatible charcoal dates include samples of Alnus, supporting 
our hypothesis that this non-local wood species probably derives from perturbed surface hearths and 
are intrusive within the “pit hearths”.  However, it is clear that further cross-dating is needed to clarify 
this issue further.
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minerals, which may be different 
from site to site.  However, this 
cannot fully explain the complete 
absence of soil rubification in the 
many thousands of excavated 
“pit hearths”, especially those of 
type A.  Earlier (Crombé et al., 
2013b) we already pointed out 
the surprising intra-site difference 
between “pit hearths” and 
surface hearths at the wetland 
sites of Almere and Urk; the 
former lacking any trace of heat 
weathering, while the latter 
displayed clear traces of in situ 
burning.  This marked intra-site 
difference cannot be explained 
by different soil properties but 
rather indicates that no fires 
with ample oxygen supply were 
lit within the “pit hearths”.

Furthermore, we do not agree 
with the statement that reddening 
of the soil in most cases does 
not occur below open fires with 
temperature < 900°C (Huisman 
et al., 2020).  Laboratory studies 
with open fires (Terefe et al., 
2005) indicate that, due to changes 
among iron oxides, redness can 
already increase in the range of 
300 to 500°C.  These are the 
temperatures estimated for the 
Mesolithic “pit hearths” (Huisman 
et al., 2020), hence reddening 
should have occurred if fires were 
lit in these pits.  The most evident 
argument for low temperatures 
comes from the abundance 
of charcoal and particularly of 
charred organic-rich earth in the 
“pit hearths”.  The statement that 
the presence of charcoal does not 
necessarily imply high-temperature 
fires in these pits as it could be 
prepared in another location 
makes no sense as the dominant 
characteristic of these structures 
is the presence of charred organic-
rich earth.  It is difficult to imagine 
that this substance was prepared 
elsewhere.

Tab. 2 – List of “pit hearths” from Dronten-N23 which were cross-dated on 
individual charred hazelnut shells and charcoal fragments.

Chi-squared tests (X2-tests) indicate that most hazelnut shells are 
incompatible with the charcoal from the same feature,

demonstrating their mixed character.
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3.2. Decay patterns in wood

According to Huisman et al. (2020) decayed wood, which occurs frequently in “pit 
hearths” would be more suitable for tar production, but as long as no tar remains have 
been found in these features this functional interpretation remains highly hypothetical 
(Crombé & Langohr, 2020).  Furthermore, fresh wood, like birch bark, is generally 
mentioned as excellent products for tar production.

3.3. Variable 14C dates

Huisman et al. (2020) question the validity of the observation of a decrease in “pit hearth” 
dates from the Atlantic onwards, interpreted by Crombé (2016) and Crombé & Langohr 
(2020) as reflecting a decrease in wildfires due to the installation of a mixed deciduous 
forest.  Huisman et al. (2020; fig. 2) refer to a graph4, showing the frequency of 345 
uncalibrated radiocarbon dates in 200-year bins.  However, it is unclear how this figure 
was constructed.  In his 2005/2006 paper, M. Niekus already mentions at least 324 
charcoal dates from “pit hearths” from northern Netherlands.  Meanwhile a substantial 
number of new dates have been obtained from other sites such as Hempens (27 dates), 
the Hanzelijn (62 dates), Dronten-N23 (96 dates) and Kampen-Reevediep (46 dates), 
which makes a total of over 550 dates.  So how come that these were not all included in 
the analysis?  Why were the ca. 200 remaining dates not included in the figure?  As long 
as this is not clarified, we need to address figure 2 within the Huisman et al. (2020) paper 
with much caution as it is potentially biased.

Even if we admit that the trend in radiocarbon dates in the published figure is correct, 
despite being based on just a selection of dates, we believe that our earlier observations 
remain solid.  Two of the three peaks we identified earlier (Crombé, 2016) - a large one 
between ca. 8400 and 7600 uncal BP and a smaller one between ca. 7000 and 6800 
uncal BP (Fig. 3) - are still clearly visible in figure 2 of Huisman et al. (2020).  In fact, the 
latter peak, representing ca. 15 % of all dates, has become much more pronounced; 
it contrasts sharply with the mean frequency of dates just before and after this peak 
(between ca. 7500 and 6000 uncal BP, i. e. the Late Mesolithic/Atlantic) which hardly 
attains ca. 5 % of all dates.  We consider this as a confirmation of our earlier interpreta-
tion of this small, Late Mesolithic peak as reflecting the impact of the 8.2 cal BP cooling 
event.  This short but abrupt climatic event would have led to drier conditions, which 
might have increased the risk of forest wildfires.

Furthermore, Huisman et al. (2020) argue that the sudden and marked decline of “pit 
hearths” after ca. 6000 uncal BP does not match with the ant theory, as there is no 
reason to assume that ant activity decreased after this date, in particular in the drylands.  
According to us, however, the almost complete “disappearance” of “pit hearths” is 
biased by the post-depositional factors mentioned in 2.1.  In northern Netherlands ant 
activity probably decreased as a result of increasing wetter soil conditions which led to 
the formation of extensive peat deposits on top of the coversand dunes.  Outside the 
wetlands, conditions were most likely still favourable for ants, but here soil erosion and 
ploughing has erased nearly all evidence (i. e. “pit hearths”).  Only on specific well-
preserved dry locations, such as the coastal dune at the Neolithic site of Schipluiden 

4 The radiocarbon ages in figure 2 of Huisman et al. (2020) are expressed in cal. yr. BP; however, this most 
likely is wrong and should be changed into uncal yr. BP, based on the fact that the authors state that no 
dates are available after ca. 6000 uncal BP.  Similarly, the chronological indication in figure 1 is wrong and 
should be changed into cal. yr. BC as the youngest dates from Dronten are in the range of ca. 6450 uncal 
BP (Hamburg et al., 2012: tab. 15.1).
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(Louwe Kooijmans & Jongste, 2005/2006) “pit hearths” (56 in total) very similar to the 
Mesolithic ones have been reported.  So not only the spatial but also the chronological 
distribution of “pit hearths” seems to be severely biased by taphonomic factors, some-
thing which needs to be seriously taken into consideration.

4. What about ants?

Huisman et al. (2020) state that the ant hypothesis is based on “assumed properties 
of these nests, which are then argued to be similar to those of pit hearths” and there-
fore “do not present actual observations on the subsurface morphology of burned ant 
nests.” Furthermore, they label the cross-section of abandoned and burnt ant nests, 
as published by Crombé et al. (2015: fig. 12) and Crombé & Langohr (2020; Fig. 1) as 
“oversimplifications”. However, the cross-section through a nest of red forest ants they 
produced (Huisman et al., 2020; Fig. 3) is more than simplified and does not match the 
numerous transects through such ant nests available on the web by scientists and natu-
ralists specialised in ants5.  According to this cross section the ant nest is restricted to 
a small area under the organo-mineral dome and is situated above a “residual” zone in 
a B soil horizon.  In fact, the ant nest includes the dome and the deeper soil horizons, 
all units that are densely occupied by open galleries and chambers of the nest that will 
collapse during the fire and afterwards when the ants abandon the nest, as illustrated in 
figure 1 in Crombé & Langohr (2020).  The reference to a photograph of a burned ant 
nest by Boer (s. d.) shows very well the “crater-like” structure also described in Boer 

5 Cross sections of ant nests can be found on the following websites (checked in September 2020):
   http://tpefourmie2013.e-monsite.com/medias/images/dessin-fourmiliere.jpg
   https://www.waldwissen.net/wald/tiere/insekten_wirbellose/wsl_ameisen_faktenblatt/wsl_ameisen_

faktenblatt_bild5
   https://studylibde.com/doc/1076564/der-nesthaufen-der-waldameisen
   http://www.nlmieren.nl/IMAGES/brand_duinbrand_comp.pdf
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Fig. 3 – Distribution of 434 radiocarbon dates on charcoal from “pit hearths” (Crombé, 2016).
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and Kelder (2016).  However, it has to be mentioned that this picture corresponds to a 
nest much smaller than the nest reconstruction in the Huisman et al. 2020 paper.

Finally, we disagree with the statement of Huisman et al. (2020) that it is uncommon 
that wildfires turn tree trunks, roots and other voluminous wood remains into charcoal, 
which would imply that the charcoal found in Mesolithic “pit hearths” cannot be related 
to forest fires.  However, this is a serious underestimation of the effects of wildfires.  
The intensity of wildfires is dependent on the fire regimes, which have been classified 
into 8 different types (Heinselman, 1981; Moore, 2000) ranging from light surface fires 
to severe surface and crown fires.  An average surface fire on the forest floor might 
have flames reaching 1 meter in height and can reach temperatures of 800°C or more.  
Fuel may include dead litter on the forest floor and standing living and dead fuel such 
as woody shrubs or juvenile trees.  It is not that far-fetched to image wildfires, even 
surface fires, affecting the stumps of dead trees on which ants generally construct their 
nests, producing large charcoal lumps which ultimately ended in the buried nest during 
its collapse.

5. Conclusions

Despite our comments on the Huisman et al. (2020) arguments against the ant nest theory, 
we would like to join the authors in their hope that this and earlier papers on the genesis 
and meaning of Mesolithic “pit hearths” will stimulate further interdisciplinary research on 
this topic.  According to us future research should mainly focus on:
1. extensive cross-dating of hearth-pits using multiple charcoal samples, each composed of 

one particular wood species, preferably single entity samples;
2. an absolute need to observe and study in detail the deeper soil horizons above, besides 

and particularly under the black structure on which nearly all attention went until now;
3. field-work focussing on the impact of burning of ant nests;
4. soil studies on ant nests with an organic dome similar to those conducted on mineral 

mound-building ants (e. g. Green et al., 1998).
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Abstract

This short note is a response to the paper from Huisman et al. (2020) “Arguments in favour 
of an anthropogenic origin of Mesolithic pit hearths.  A reply to Crombé and Langohr (2020)”, 
which argues against a natural, ant-related origin of these features.  Within this short note some 
inconsistencies and shortcomings in Huisman et al.’s argumentation are discussed, providing 
further support for the theory of organic dome-constructing ant nests affected by wildfires 
regularly occurring during the Early Holocene.  The paper ends with some suggestions for further 
research into the origin of these charcoal-rich features, characteristic of the coversand area of 
NW Europe.

Keywords: Mesolithic, “pit hearths”, ant nests, forest fires.

Samenvatting

Dit kort artikel is een reactie op het artikel van Huisman et al. (2020) “Arguments in favour 
of an anthropogenic origin of Mesolithic pit hearths.  A reply to Crombé & Langohr (2020)”, 
waarin geargumenteerd wordt tegen een natuurlijke oorsprong van deze structuren.  In deze 
korte bijdrage wordt gewezen op een aantal fouten en inconsequenties in de argumentatie van 
Huisman et al.  Vooral de gebrekkige tafonomische analyse die doorgaans op dit type structuren 
wordt toegepast wordt hierin aangekaart.  Al te vaak worden “haardkuilen” geïnterpreteerd 
als “gesloten” en “homogeen” terwijl er tal van indicaties zijn die aantonen dat er vaak sprake 
is van gemengde contexten.  Dit laatste kan het best verklaard worden door een natuurlijke 
oorsprong van “haardkuilen”, meer bepaald als organische mierennesten die na bosbranden 
ineengestort zijn.

Trefwoorden: Mesolithicum, “haardkuilen”, mierennesten, bosbranden.
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