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MATERIAL & METHOD

Rock shleter and crusting For analysis, the blackened wall fragments are either po-
lished or thin sections are prepared. They are then ob-
served under microscope in order to reveal the succes-
sion of multiple very thin soot films appearing as a single
deposit to the naked eye. Position of each film is then re-
Parietal calcareous « layer-cake » corded from photographs by using DataWald software,
concretion soot films inside limestone | usually employed in dendrochronology (study of tree rings).
crust after several occupations| s |jection of these data allows the representation of the
: ‘/ human occupations succession of soot films in the form of “barcodes”. To
=13 each sample corresponds its own barcode.

after human occupation | : /
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Soot
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Deposition of soot on the
vault during occupation

WPL
micrite Multiple samples with their unique barcodes are then

matched in order to build the entire soot films sequence
for each archaeological unit. This graphical representa-
~ tion traces the human occupations’ chronicle in the shel-
ter (each soot deposit on the photograph = 1line on the bar-
code = 1 occupation at least: two too close occupations will
only leave a single black deposit). Occupations can then be
counted and their succession rhythm can be studied.
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This pioneer method is called Fuliginochronology, from Latin
| fuliginosus, fuligo: soot, fuliginous. In the particular case of an
. ‘; archaeological site like a rock shelter or a cave, these fuligi-
A WARETTIROT hous calcite deposits are arecord of past human occupations,
condensation which can be enumerated (Vandevelde et al. 2017; 2018; Van-

develde et Dupuis 2017): Minimum Number of Occupations
0 i ) ; 4 5 6 . : ) 10 " 12 13 14 (m) stall and fall of wall fragment (MNO) per layer can be defined.
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The Grotte Mandrin (France) is a rock shelter located in the middle Rhéne Valley, on the left bank ? TSNS e 4| | TR o
& LR . | ._'_ﬁw-ﬁ.ugh.—-u soot films (mm)

of the River. Explored since 1990, its filling is divided into 10 stratigraphic units splittable into 13 ar-
chaeological levels. The lower part of the sequence (layers J to G) is attributed to classic Mousteri-
an occupations, while the upper part of the stratigraphy documents late Middle Palaeolithic occu-
pations (levels F to B2) and early Upper Palaeolithic occupations (level B1). At the very top lays a
Neolithic level (layer A), recording multiple human cremation events.
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Soot traces, testifying of control of fire by our ancestors, are witnesses of past human activities.
They can sometimes be noticed on the walls and/or vaults of caves and rock shelters and also wi-
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vered with thin (infra-centimetric) black-bluish deposits. These traces result from combustions in the 25000 carbon element in red: soot films £in bive: uncertain soot films e
rock shelter during prehistoric times. This soot deposited on the vault is covered and preserved by gt A by F26000 WWMMMW
thin calcareous crusts. Microscopic observation of these concretions shows a kind of “layer cake”
in which carbonates blackened by soot and “clean” carbonates are intermingled. > 2°°° camanshitm) - ST o e e e e b
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RESULTS

2 P wet season dry season
Layer Level Chrono-cultural phase MNO * Protoaurignacian
. BI
A Neolithic 29 : : o
Bl Protoaurignacian 6 a0%
B B2 9 o
>3 Post-Neronian | + m m -
C ¢l 38 (layer E) g Post-Neronian I
C2 ______ o 100%
D Post-Neronian | 30 § w Ct0 B2
= 60%
E Neronian 18 — 8 o
i i i N c O : o — . - o = . . 20%
F Mousterian (rhodanian Quina type) 21 — S o - - a1l — thin section, microscopic observation (XPL+ RL)
G M O U Ste ri a n Fe rra SS i e 1 2 = - - E - o associated to DCL associated to WPL
¥ VI t( _ ) o % % : Soot traces left by more or less random occupations in the rock shelter percentages pf sootfims
ousterian — = — — ——
. * (minimum A Qv Q - - - \’ | | | | | | | | | | | | | | | | | | Post-Neronian |
I Mousterian 70 number of — Z % - — . 100%
J Mousterian 18 occupations) - E Constant climate conditions and constant calcite crystalline growth o (D)
TOTAL Ato ) 273 — = - 39 Soot traces left by annual occupations in the rock shelter o
ovetopping ot S S == —| "= ST -
Occupations’ @—| =— == — = crystalline growth [ imetioon | mcted ownt
At the GrOtte Mandrin, OCCUpatiOnS ChrOniCIES from arChan' chronicles T —_— I - - - X1 X2 x4 percentages of soot films
logical | | : . = (layers F & E) — e  — _dry [Mwer ] M very wet _l_lé i
ogical levels F (underlying) and E (overlying) were traced from —| = — period Neronian
the wall fragments covered with fuliginous speleothems col- Chrg:\lcle - — — = Unconstant climate conditions and constant calcite crystalline growth 1::: E
lested in the filling. Occu.pa.tlons of I.ayer E are attributed to the Neronian: a o B | 100 pm elemental map
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lithic industries of the Neronian show a very high technicity and, in the state R Chrg;'de — | = T _ el
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type Mousterian that precedes it (attributed to Neanderthals, layer F). B3 layerB mm=| (! === Mousterian (thodanian
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Due to the progressive crumble of the walls and vault, some fragments that e — = “F
have fallen in the E archaeological layer may have recorded occupations cor- End of the — —— o
responding to human installations in layer F. The reverse is impossible since Occupations’ Chronic] S).mthetic chronicle
1 1 ChroniCIe (Iayer F) ronlc e o associated to DCL associated to WPL
wall fragments found in F have already fallen to the ground before arrival of layerC  of C&B layers |

the next group. They can no longer record the new soot deposits left by oc-
cupations of layer E. This explains the partial overlap between the occupa-  layer. These two assemblages (+layer C) are assigned to the Post-Neronian 1l The succession rhythm of soot films depends on both the rate of occupation

tions’ chronicles of layers F and E presented here. (Iate group of Mousterian tradition). One again, synthetic sequences overlap.  and the climatic conditions (influencing calcite growth). The DCL / WPL alter-

, . L , , i i i nating in concretions is a seasonal signal related to hydric conditions. These
The same situation is observed for layers C&B: occupations’ chronicles over- It is here noteworthy that Neronian and Protoaurignacian groups succeed .. .blets are annual at the Grotte Mandrin, since they alternate on the same

lap. Layer B is a sedimentary unit that records three archaeological levels:  very quickly to local Mousterian groups that preceded.them. This §hor‘F time  <.5le as the variations in Sr concentration (trace element varying on an annual
B1, located at the top of the sedimentary layer, is attributed to Protoauri- can be evaluated to few years or seasons and must be in any case inferior to scale). The annual character of these doublets makes it possible to index the
gnacian (generally associated with H. sapiens) and is dated around 42 ky cal. ~ a human life generation, meaning that these different cultures are contem-  ,ccypations’ chronicles on an annual calendar. It thus allows the study of
BP. B2lies directly under level B1 and is separated from B3 by a thin sterile  porary, at a human scale, on a same territory. site’s occupancy dynamics by past societies.
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