N

N

Exploration of analytical and experimental study of the
Neolitic heatedstones fire structures of the Louviers Site ZAC
Cote de la Justice” in Eure France
Ramiro Javier March, Rodriguez Loredo Cecilia, Vincent Dartois, Loic Gaudin,

David Aoustin, Quentin Borderie

» To cite this version:

Ramiro Javier March, Rodriguez Loredo Cecilia, Vincent Dartois, Loic Gaudin, David Aoustin, et al.. Ex-
ploration of analytical and experimental study of the Neolitic heatedstones fire structures of the Louviers
Site ”ZAC Cote de la Justice” in Eure France. EAA 2025 Intert wined past, EAA, Sep 2025, Belgrade, Serbia.
<hal-05378548)

HAL Id: hal-05378548
https://hal.science/hal-05378548v1

Submitted on 26 Nov 2025

HAL is a multi-disciplinary open access archive L’archive ouverte pluridisciplinaire HAL, est des-

for the deposit and dissemination of scientific re-
search documents, whether they are published or not.
The documents may come from teaching and research
institutions in France or abroad, or from public or pri-
vate research centers.

tinée au dépot et a la diffusion de documents scien-
tifiques de niveau recherche, publiés ou non, émanant
des établissements d’enseignement et de recherche
francais ou étrangers, des laboratoires publics ou
privés.

Au‘to'flizition
HAL Authorization


https://hal.science/hal-05378548v1
https://about.hal.science/hal-authorisation-v1/
https://about.hal.science/hal-authorisation-v1/
https://hal.archives-ouvertes.fr

EXPLORATION OF ANALYTICAL AND EXPERIMENTAL STUDY OF THE NEOLITHIC HEATED
STONES FIRE STRUCTURES
OF THE LOUVIERS SITE "ZAC COTE DE LA JUSTICE" IN EURE FRANCE

R. J. March', C . Rodriguez Loredo! V. Dartois?, L. Gaudin', Q. Borderie?, D. Aoustin'
UMR 6566 CREAAH ' MADE 2

INTERTWINED

S A v s
\> 4 BELGRADE | : ‘ ))

Session 39 Hearths, ovens and cooking spaces in the Mediterranean from the Late Prehistory to
the Middle Ages. September 4, 2025

UNIVERSITE DE &

RENNES 1




"Domestic" fires in agro-pastoral societies

Melanesian ovens
in late European
prehistory, of the
north west of
France
Functions?
Domestic,
artisanal or
symbolic

?
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Heating stone combustion structures

*Study of heating
stone combustion
structures

eStructures using
heated silex

eAnalysis of the

mode of use and
function of these
structures

*By experimental
and analytical
means

*Thermal
transformations of]
soils and rocks

Lipid analysis by

*GC-C, GC-MS &
*CG-C-IRMS
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Geographic Louviers Localisation and in geologic and geomorphologic maps from (Bassompierre
and de Maurtort 1967 and Dewolf 1975)

The site is
situated in the
Eure region at
the north-west
region of
France. The
occupation of
the site extends
from the ancient
Neolithic to the
Bronze Age

We were able to
study two
structures with
heating stones
belonging to the
Middle and
Ancient Neolithic
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eHeating
stone
combustion
structures

*High
consumption
of animal
fats

*Presence of
vegetal
lipids

e Indirect
cooking of
meat on
rocks

ePresence of
deer and
hunting and
domestic
animals

Heating stone combustion structures

4457 & 4352 (95.4%) BC., Middle Neolithic

‘*{ )

Samples Position

Anthracology

~_ 32
N

KX Charcoaled sediment ] Charcoal
I  Heated

S8 Flint high fracturated * Samples

I Ashes sediment

SU 448: Flint blocks and pebbles more
or less burnt and fractured in a brown -
grey clayey lime matrix Homogeneous
and compact

SU 449: flakes of burnt flint in a brown
- grey silty matrix

SU 450: Grey to ashy black loam and
charcoal with the presence of some
burnt flint flakes

SU 2 Horizon BT degraded brown clay
limestone, prismatic with dark
aggregates, ferro-manganese stains in
the upper layer, little bioturbated,
rootlets, some small flint grains

Su 7: Paleosol archaeological layer,
grey yellow to orange silty, has lighter
beaches, massive with many vesicles,
little bioturbated, some iron-
manganese nodules (1-2 mm) a few
charcoals (3mm)

Varying cooking modes in combustion structures, Grilled, Roasted - on hot storgs Grill,



Heating stone combustion structures

*Heating stone
combustion
structures

*Chemical
molecular
analysis

ePresence of
lipids
hydrocarbons
fats grasses and
residues related
to the fuels
used

*Presence of
animal fats

eUse of rocks
for indirect
cooking of
food

Fire structure 236

37,38,40

%2 Charcoaled sediment - Charcoal

Ashes sediment

~*2*% Flint high fracturated * Samples
V. Dartois MADE with modifications

The dates of both structures seem to confirm the assignation of these structures to the

P Heated

SU 456: Flint blocks and pebbles
more or less burnt and fractured in
a brown - grey clayey lime matrix
Homogeneous and compact with
some fragments of charcoals
Note: presence of more
voluminous blocks in the couronne
of South part

SU 457: Grey to ashy black loam
and charcoal with the presence of
some burnt flint flakes and
important quantity of flakes , more
rubified zones was observed at
South-East and South West parts
that have a more important
concentration of flint burnt flakes
SU 458: Heterogeneous orange
clayey loam marked by
percolation marks with layer 457,
presence of tongues from cinder
to carbonaceous and puncture
and small flint pebbles

SU 2 : Horizon BT degraded
orange-brown clay limestone,
prismatic with dark aggregates,
ferro-manganese stains in the
upper layer, little bioturbated,
rootlets, some small flint grains
SU 7: Paleosol archaeological
layer, grey yellow to orange silty,
has lighter beaches, massive with
many vesicles, little bioturbated,
some iron-manganese nodules (1-
2 mm) a few charcoals (3mm).

)

Chambon culture but also show an more important period of occupation of the site and even

the possibility of their reutilisation.
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Analyses of heated flints a contribution to the study of human behaviour in relation

Loviers site
Structure
221

4457 et
4352
(95.4%) BC
Middle
Neolithic

hsaith COL N
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*Analysis of
their mode of
functioning by
an experimental
approach

*Analysis of
their thermal
behavior and
thermal
alteration of
rocks

and sediments
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Heated stones fires structures

The site of Louviers «Zac Cote de la Justice» the heated flint structures. Their mode of functioning

Study of
heating flint
stone
combustion
structures

*Analysis of
their mode of
functioning
by an
experimental
approach

*Analysis of
their thermal
behavior and
thermal
alteration of
rocks

and sediments

Experiment 6 Sablins : flints were heated over and
rise temperatures between 526° C et 870°C . The
bottom of the bowl reached 300°C over such a short
period of time in the center of the structure below
the flint, but it reached higher temperatures between
380°C and 400°C at 20 cm around the bottom
center of the structure where temperatures were
lower.

e
e

800

Study from experimental data on the distribution of traces of thermal alterations on rocks and soils




Heated stones fires structures

The site of Louviers «Zac Cote de la Justice» the heated flint structures. Their mode of functioning

REBUILD TO UNDERSTAND Experiment 5 Sablins : Flint temperatures between 400°C & 932 °C
, S— = = The bottom of the bowl below the embers for experiment 5 reached

temperatures between 300°C and 476°C (Fig.n°52), for a short period
of only 40 minutes after ignition and before the deposit of flints on the
embers that smothered the fire in the structure, to after remain below
300°C and even after the fire was rekindled from below the flints

! ; / bi . > <
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Study from experimental data on the distribution of traces of thermal alterations on rocks and soils




The site of Louviers «Zac Cote de la Justice» the heated flint structures. Their mode of functioning

REBUILD TO UNDERSTAND

fragmentation rate/ duration : mean volume/duration

« fragmentation rate
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Heated stones fires structures

Study from experimental data on the distribution of traces of thermal alterations on rocks and soils




Heated stones fires structures

*Study of heating
stone combustion
structures

*Analysis of
thermal alteration
of rocks

And sediments

00° 8 strong bro R

800°C [ 6/8 reddish yellow 5 YR 6

900° 8 redd ello R 8 redd ello
000° 8 reddish yello

Mode of heat exposure from the top of flints.
This heating modality observed experimentally, causes a slight insulation of the

floors and walls of the bowl that prevent a significant oxidation of the substrates as

was observed during our experiments where the oxidation although present has
reached a very slight thickness.

Reused structures
The duration of heated is short and repeated we could consider a recurrent and
domestic use for these structures.

.
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Heated stones fires structures

*Study of heating
stone combustion
structures

eAnalysis of
thermal alteration
of rocks

And sediments

sides

ered

Number of al

Structure 221 Distribution of the number of faces according
to their thermolation by stratigraphic unit

TR

US 448 Us 449
= Sum of red altered faces - Sum Of grey altered faces o Sum of white altered faces

Experiment 5 Experiment 6

N

Silex

I Sum of red altered faces DISum Of grey altered faces ) Sum of white altered faces.

Micro flakes alterations

Distribution of red grey and white side of flakes from structure 236

0 ——

Sum muber of altered Faces Total structure 236

Total Structure 221
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Valeurs de I'index OEP pour les échantillons du site de Louviers ( n = 15 moyenne =2,69)
Concentration moyenne ( %) des alcanes C26 a C33
pour le site des louviers (n=15)

A
AN , : ; 25,00 ;
*Study of heating
stone combustion :

structures

commEmeNT contact cenoreuse encassanT connacr encassat \
ouvins 221 Louviens 226

°Chemica1 Modele de distribution des alcanes en fonction du type de vegetation (Zech 2009)
molecular analysis

*Presence of lipids
hydrocarbons fats —

i \ | A y = 0,1404Ln(x) + 0,446
grasses and AR A A A R?=0,4626
residues related to
the fuels used

sample 2121
221-20/# 22134
i ¢ C31/(C31+C27)*100

22131 A curve graminées

0,1234 ;‘ « curve foret
=(0.4878e""* & 22110 )
y ’ ® Q1% Log. (curve graminées)

 R= 0,38¢> A 5 Log. (curve foret)

'31/(C31+27)*100

18

A grassland soils under grassland OEP
O deciduous forest (litter and soils)

B coniferous forest (litter and soils)

® Crvenka loess-palaeosol sequence
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% chains short (<C20) and long ( >C20) alkanes CPI et OEP values
— v'% of short and
- long alkanes
- from samples
-o-Total short alkanes chains Total long alkanes chains 3,00000 o
’ -&CPI n-alcanes 5. OEP n Alkanes from sediment

2,50000

—_— from structures

*Study of

-3
: . f Sl layers and heated
heating stone é\/ﬁ\/g—‘\ﬁ/ﬁ/;\“ % 1,00000 .
. ~ . s flints
combustion
structures
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Lou 18-7 Noir Silex %
L 3

0,00000

*Molecular ) )
AnalySIS of Filling sediment Hiost sediments CONTACT Host sediments blackened silex Greysilex  silex weak black spots Silex heart

sediments and LOUVIERS 221 LOUVIERS 236 Silex Chauffées
silex

Lou221-07 z
Lou221-10 ?
Lou221-13 &
Lou221-24
Lou221-26
Lou221-30
lou22131 $
Lou221-35
Lou221-36 ¢
Lou23638 4
Lou236-39
Lou236-40

Lou 17-2 Sliex
Lou17-17N
Lou 28-9 Sllex

Lou 29-23 Silex (

2\

ou 29-37 342 Silex
Lou 28-14 Sllex
Lou 28-7 Sllex
Lou 37-1 Silex
Lou 16-21 Coeur
Lou 17-17 Coeur
Lou 16-11 Sllex
Lou 18-7 Caeur Silex

eDeterminatio Corrélation temperatures and index OEP
n of Experimental values
tcmpératturcs + Log OEP
of exposition sediments
5 expérimental CPl data
of samplcs 8 heayed flints
Log. (Experimental values) \/Relation between

Log. (expérimental CPI data)

. OEP and CPI
eSilex more

heated than i . y=-1,839In(x) + 12,675 values of alkanes
sediments "0 R*=0,8776 samples from
S ° y = -1,002In(x) + 7,8765 € p .

TP sassasenis R?=0,6611 sediments , flints,

*..,221-30

OEP Index

and experimental
values
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v'Comparison Data base Louviers ‘ 9C (VPDB) C27
¥ &9C (VPDB) C29

of alkane ' g » # 61C (vPDB) C31

o ) §"C (VPDB) C27

isotope values ) | ] : & 69 (VPDB) C29

from the : & §vC (vPDB) C31

Louviers site : .

with our _ L I i . [ 1

database : . ] ™ = : “le ’_E -
ey = b | ° = E s

compiling ' ! !

values for 457

) §13C C27 % VPDB
plants.

) §13C C29 % VPDB
3 §13C C31 % VPDB

C4 Ashes Filling Contact Host
Photosynthetic pathway Structure Layers

*Study of heating
IoJicRenlolikse)sQl Nuage de points 3D v ~'Nuage de points 3D
structures oy Couches

* Betulaceae
. 221
. 236 * Ashes 221
.Molecular 613(‘ Moyenne(513C C27 %» VPDB) corr 1.2 Moyenne( 513¢ c. §13C C27 %. VPDB §13C C29 %, VPDB * Filling Layer 221

29 % . I
o 9 % VPDB) corr 1.2 Betulaceae

35 34 32 1 33 .34 . 1,5 -31 -305 -30 -29,53630,531-31,5-32-32,5-33-33,5-34-34,5 * Contact 221

® 37 g * Cyperaceae

ISOtOplC analy515 e 31 e it Contact 236 5 Contact 236
~ ® 236 e 1

of C2 7., C29 and ] » Salicaceae Olacaceae Host 221
~ ® Betulaceae * Pinaceae 315 * Host 236

C31 alkanes

@
8

Poaceae Poaceae o Pinaceae -315 Fagaceae

&
ne(513C C31 %, vPDB) (:mvv1,?

* Salicaceae Pinaceae

* Fagaceae
221

Salicaceae
® Betulaceae

* Sapindaceae * Poaceae

*Presence of fat
lipids from C3
plants

Salicaceae

® Sapindaceae * Sapindaceae
o Ashes 221

® Poaceae Fagaceae

® Filling Layer 221

§13C C31 %o VPDB

Moyenne(513C C31 %. VPDB) corr 1,2
613C C31 %, VPDB

Contact 221 @

*With some ) o Host 236
differences > < ) .
between the oq, 25 Cpsace® -
analysed S N e
structures and the e
different samples

and layers of
analysis v'3D point cloud of the §'3C isotopic values of alkanes as a function of the structures and layers

of the louvir site in relation to the families of C3 plants
<

&

&,

¢ Host 221
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Heated stones fires structures

*Study of heating
stone combustion
structures

e Anthracological
and Palynological
Analysis

| |raxon- sampling code ST39- US 79 [ST221 -US 450 ST236-US 457

ynus silvestris
orylus
OACEAE
ICHORIODEAE
UNCACEAE
YPERACEAE

-——

| Spores [Monoleticspores [ o o 3
Hyaline microrestes Hdv-182-orTM388 | o[ 4 0

Non-pollen

PhragmosporesHDV 79 1] o o

undetermined 4 o 3

UM. Pollen (Base Sum) o 1o 3

UM Spore-pollen o 1o ¢

CONC. ABS Pollen (nb/cm 3) o  e71| 18

CONC. ABS Pollen and spores (nb/cm 3) -

Charred remains Other
remains

1/4 SE Absence of organic macro remains gravel

Louviers 221(1/4 NW 448 16 1 seed 1 undeterminable charcoal, 1 charcoal gravel
of Quercus/Castanea sp. (Length: 2 mm); 2
charcoals of Fagus (Length< 2 mm)

Table 1: Data account of pollens
and spores determined in each of
the 3 samples tested. The shaded
values correspond to pollen sums,
spore-pollen sums and for the last
two lines to absolute
concentrations of pollens and
spores + pollens. Absolute
concentrations are expressed as
the number of grains per volume
(mL) of sediment (Gaudin 2019b).

Louviers 221(1/4 NE 17{10 charcoals of dimension<to 4 mm: 5 gravel L.
undeterminable charcoals, 1 charcoal of Quercus Table 2 Results Of prel|m|nary
sp ./Castanea sp., 1 charcoal of Fagus .

Louwers Absence of organic macro remains gravel anthraCOIOg|ca| ana|yseS Of

LouV|ers 221 - 449 Absence of organic macro remains sam p|es from Stru CtU res 221

Louwers 221 1/4 NE 449 1 charcoal of Fagus Iength 4 mm, 24 charcoal of gravel . .
Louviers 221(1/4 NW 449 29|5 charcoals de Quercus sp./Castanea sp. of gravel (D ' AOU Stm W|th
dimension < 4 mm, 2 undeterminable charcoals e .
of dimension <4 mm mOdIflcatlonS)) )>>

Louviers 221 1/4 NE 449 27|1 vegetable remainder (seed?); 1 vegetable gravel
remalnder (seed?, Length 3 mm)

1/4 SE 3 undeterminable remains of dimension < to 4 -
mm

Louviers 236(1/2S 4 charcoals of Quercus Sp./Castanea sp. of gravel
dimension < to 2 mm




*Study of heating
stone combustion
structures

*Molecular
isotopic analysis
of C27, C29 and
C31 alkanes

*Presence of fat
lipids from C3 and
CAM plants

With some
differences
between the
analyzed
structures and the
different samples
and layers of
analysis

Heated stones fires structures

Component 2

By samples

<olacaceae

Qyperaceae

®LOUV221-22

2.
LOUV221-350 M OUV S35 49/

LOUV221-368
@ ouvzz1-24

LOouv221-10

L ouvz21-31 tsalicaceae

agageaek @ ouy221-14

@ ouvz9R30

Sapindaceac® S 0ouv221-13

e

Component 1
313C 29/3%3C 31

y =1,0191x + 0,0019

y=1,0891x + 2,3073 R2=0,8647

R?=0,8113

* 221-26

*.-736-39
&’ Pinaceae

B Betufaceae B Salicaceae
* 221-31

Poaceae
® 221-10
*“Ashes221
= Fdgaceae

L
Contact 221
© 2130  © Host221
221-13 221-36

Sapindaceae

B Ofacaceae

B Cyperaceae

Araceae

15 Ubetulaceae 30

Tc2e

LOUV221-268

M ouvese-38

B ouv23e-39

By samples
and layers

* Louviers samples

» Means values by layer]|
and structure

= PLants data base

Expon. (Séi -1)

Log. (Sériel)

v'Factor analysis of the means of the
813C isotopic ratios of C27 C29 and
C31 alkanes per sample and
stratigraphic layer within the
structures of the site of Louviers in
comparison with average values of
the families of plants C3 and CAM
from our database that may be
present on the site.

v Bi-variate analysis of the §!*C
isotopic values of alkanes C29 and
C31 from samples from the site of the
Louviers and families of plants C3
and CAM that may be on the site.

)



Composantes principales calculées avec les corrélations
Graphiques de résumé
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*Study of heating
stone combustion
structures

*Molecular
analysis of C14,
C16, and C18
fatty acids by
families

*Presence of fat
lipids from
herbivores

Composant2 (38,8 %)

Hu:‘%c,{s
Caprinae
#Cervinae ®Bagridae
Cervinae g inda Bagridae £
. .~ - Prochilod
Pimelodidae a

#Capreolinae . ®gomininae

BSyuidae Cyprin Jdu..l epondae
®Malvaceae
®Anatidae o o
Sciaenidaé u 4CMPhasianidae

o
Cichlidae

BEabeae
®\/igna® Fabeae

[
Composant 1 (61,2 %)

Subfamily

® Alosinae
Anatidae
Anostomidae
Arecaceae
Bagridae
Bovinae
Cantharidinae
Capreolinae
Caprinae
Cephalophinae
Cervinae
Cichlidae
Clupeidae
Cyprinidae
EQUIDAE
Esocidae
Fabeae
Faboideae
Homininae
Labeoninae
Leporidae
Littorininae
Louviers
Malvaceae
Melanopsidae
Monodontinae
Nassarinae
Percidae
Phasianidae
Phasianinae
Pimelodidae
Plnaxinae
Prochilodontidae
Rosaceae
Salmonidae
Sciaenidae
Siluridae
Suidae
Thiarinae
Ursidae
Vigna

® Xerinae

Composant 2 (38,8 %)

0.0-
89%C18

0.5

0.0
Composant 1 (61,2 %)

% C16#

v Analysis by PCR main components of C14/C16/C18 saturated acids in samples (n=1004) from the site of Louviers

v

and different species of families and sub-families of animals and plants from our database

ok,

))>




Heated stones fires structures

*Study of heating
stone combustion
structures

* 313C molecular
isotopic analysis
of Cl6 and C18
fatty acids

*Presence of
animal fat lipids

*With some
differences
between the
analysed
structures and the
different analysis
layers

Constructeur de graphiques
Rladd=d Jad 1] LER LT o N
Valeurs isotipiques 3'°C par groupe d’échantillons

Plants C3 Plants C4

v'Comparison of 8!°C isotopic values of saturated
fatty acids C16 C18 from Louviers site with our
database compiling the values of 572 animal,173
plants C3 and 26 plants C4 samples.

8'3C C16 et C18 By layer and struture from Louviers site

-27,60

-27,80 Host Layer 236
-28,00

-28,20

-28,40

-28,60 Structure 236

® Host Layer 221

Structure 221
® Ashes Layer 221

L

® Contact Layer 221
Contact Layer 236

@ Filling Layer 221

-29,00 -28,80 -28,60 -28,40 -28,20 -2800 -27,80 -27,60 -27,40 -27,20

d13cc16

v'Bi-variate analysis of the average isotopic values
of 8'13C for saturated fatty acids C16, C18, by layer
and structure of samples from the Louviers site

))



Heated stones fires structures

8"C C18 & &™C C16 Database Europeen Animal familys

Porcine Fats;

Famille
© Anatidae

v'isotopic values
8'3C of saturated

* Louviers

Ruminant Fats

fatty acids of . e
. o - Anatidae: (95%)
Louviers : ' Bovidas: (96%)
> AL Cervidae: (95%)
samples and the . e Equides: (95%)
° = Leporidae: (95%)
animals from : ot
our own ez whe
database 7 Increasing C4 diet
: B =GR iE ¢ ) ; .64000 38,00 -36,00 -34,00 -32,00 30,00 -28,00 26,00 -24,00 -22,00 20,00
complemented Bt e s s s
by bibliographic 8316

data

v'Tsotopic A*C and 8'3C C16 %o from samples of
Louviers site following Copley method (2003, 2005
aet b et March 2013 et 2018)

)))




Heated stones fires structures

*Study of
heating stone
combustion
structures

*Molecular
isotopic
analysis of
saturated fatty
acids C16 and
Cl18

ePresence of
animal fat
lipids

*Collagen
isotope
analysis

Constructeur de graphiques

Constructeur de graphiques
Hladzdod ad) Y DES L LT b
8"C des espéces animales pour le site de Louviers “La Villette”

513C moyen ¢ #513C

« échantillons H « échantillons

[l ’/.Jﬂ.ﬂﬂ*'? He:HE “L ] ) )
,9"C moyen des acides gras des espéces animales et du site de Louviers

, 8"°C Moyen

Cot Boou! Humain Mouton Loup Sangher Chien

Espéces animales de notre base de données rangés par 8'°C moyen ( ordre croissant)

Espeéces animales rangés par 8'°C ( ordre croissant)

v'Boxed graphs of isotopic values 0 '*C ranged by
ascending order of the different animal species
identified in the northern hunting assemblage of
Louviers La Villete (Giligny et al 2005)

)))

v'Boxed graph of the mean isotopic values 8 *C
(average O '*C C16 and 6 '*C C18) of the animals in
our database and archaeological samples from the
Louviers site ranged by ascending order of the
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Our results show that the structure 221 was used for cooking but not for combustion, while the structure 236
was used for combustion and cooking at lower temperatures, and that these structures do not show the same
traces of cooking plants and animal even it could be considered similar morphologically.

This first application of experimental and analytical study of heated flints and soils and the isotopic analysis of
alkanes and fatty acids open the possibility of completing molecular analyses, enriching and supplementing
their conclusions concerning their vegetal and animal origin. This create new perspectives for this analysis
analyses showing the correlations of the results between the palynological and anthracological approach's.

Finally we can demonstrate and reconstruct the mode of function and utilisation of these structures

Indicating the needs for an expansion of our reference base from the study of bone remains concerning the
different periods and local regions analysed for an optimization of interpretations of the origin of lipids of

animal origin.
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