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Over the past decade, archaeometric analyses applied 
to hard animal material (HAM) industries and bone 

remains in general have seen significant growth (see 
O’Connor, this volume). At the intersection of archae-
ology, materials science, and biomolecular sciences, 
these analyses allow us to explore bone objects and 
materials in a new light, sometimes revolutionizing our 
understanding of the material cultures we study. These 
analytical methods hold significant heuristic potential 
when integrated into a broader reflection on bone assem-
blages. They complement traditional technological and 
zooarchaeological studies, which remain essential to our 
overall understanding of past societies’ animal resource 
economies.

Certain techniques have proven particularly insight-
ful. Isotopic analyses, for example, offer the opportunity 
to trace the movements, or migrations, of animals whose 
bones were sometimes chosen to manufacture bone tools 
at specific sites, providing insights into ancient commu-
nity exchange networks and subsistence practices (e.g. 
Bocherens, 2015; Drucker et al., 2025). Another example 
is the scanning electron microscope (SEM), which ena-
bles residue analysis and, more broadly, has expanded 
our understanding of the microscopic world by providing 
high-resolution observation of bone surfaces and associ-
ated marks (e.g. Hannus et al., 2018).

We also note the increasing use of radiocarbon dating 
of bone productions which is highly effective in ensuring 
the authenticity of archaeological objects, understanding 
technical developments over time and space, or refining 
our chronological frameworks. It maximizes the chances 
of obtaining relevant dates because the anthropogenic ori-
gin of the dated artifact is indisputable, and the selection 
of dated objects can be based on typological, technical, 
or stylistic criteria offering assured or presumed chrono-
cultural signatures (e.g. Pétillon et al., 2009; Wood et al., 
2018; Manninen et al., 2021).

In recent years, approaches combining archaeological 
and biomolecular analyses have also advanced rapidly. 
Palaeoprotein analyses, by applying the ZooMS method, 
is one of the most employed approaches. ZooMS, pio-
neered by M. Collins and colleagues at the University of 
Copenhagen, now allows the taxonomic identification 
of materials through collagen analysis (McGrath et  al., 
2010). While sometimes limited to the family level (e.g. 
Cervidae), this method is invaluable when traditional 
diagnostic criteria are insufficient or impossible to use, 
such as with highly crafted objects. For instance, inter-
disciplinary projects like Paleocet and Magdatis, led by 
J.-M. Pétillon and V. Laroulandie on French and Spanish 
sites, illustrate this trend (McGrath et al., 2025). Across 
the Atlantic, we can mention analyses by F. Zangrado and 
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his team on whale bones used for tool making (see Zan-
grado, presentation during the meeting). Complementary 
recent developments in paleogenetics are noteworthy and 
complement the palaeoproteomics studies. For instance, 
recent analyses on antlers and bone tools from Eurasian 
Palaeolithic and Neolithic sites have allowed to iden-
tify the taxa exploited by humans and enabled the first 
complete mitochondrial genome analysis of ancient 
DNA from deer antlers for the pre-Holocene period 
(Tejero et al., 2024). 

These various analytical approaches provide criti-
cal data on craft practices, the chronology and dissemi-
nation of technological innovations, and the origin and 
circulation of raw materials. However, the relevance of 
results obtained through these analyses and, also those 
of their implementation require certain prerequisites. 
Close collaboration between archaeologists and analysts 
is essential to ensure reasoned and contextually informed 
sampling. This involves considering each method’s lim-
itations and possible biases, as well as critically assessing 
the discovery context and the integrity of assemblages. 
The relevance of a methodological arsenal, however 
sophisticated, depends on a thorough understanding of 
contextual data.

Invasive analytical methods, depending on the sam-
pling method, raises also significant considerations in 
terms of heritage preservation. Archaeologists, analysts, 
and curators must collaborate closely to weigh scientific 
benefits of analyses against potential risks to artefact 
integrity and their preservation (see Chevallier et al., this 
volume). The same applies to the suitability of the ques-
tions posed by archaeologists and the type of analysis 
envisaged. This must be discussed among all scientific 
partners. Precise sampling protocols developed in concert 
between stakeholders should guide sampling in a man-
ner that optimally balances conservation and scientific 
objectives. The idea is to identify the least visible areas 
of the objects, or those with little technical or functional 
information value, while considering their potential for 
successful analysis (e.g. Sinet-Mathiot et al., 2021).

While many invasive analyses now require minimal 
material quantities, there is often a temptation to sample 
more than necessary, which may not necessarily improve 
analysis success. In this respect, the implementation of 
innovative non-invasive or minimally-invasive sam-
pling methods should be encouraged to ensure the integ-

rity of objects and their availability for further analyses 
(e.g. Martisius et al., 2020; Tejero et al., 2023). 

Pre-testing for collagen preservation, for example, 
can ensure the feasibility of dating and avoid unnecessary 
invasive sampling if dating is likely to fail (even on seem-
ingly well-preserved objects). Moreover, it’s important to 
resist the rush to analyze and prevent multiple samplings 
of the same objects by different research teams (e.g. Van 
der Sluis et al., 2023).  Therefore, a sampling form should 
be attached to each object to allow for the monitoring of 
analyses and to avoid them being repeated unnecessarily.

To reconcile scientific and conservation interests, it 
would be beneficial to incorporate restoration of sampled 
objects into the project specifications, when relevant. 
Museums don’t always have in-house restoration teams 
nor the means to finance external services, especially for 
osseous material requiring specialized expertise.

Lastly, financial constraints also shape analytical 
strategies, whether invasive or not. Analyzing a single 
object, regardless of the type of analysis, is often unsatis-
factory because the robustness of interpretations relies on 
the sample’s representativeness. This naturally leads to a 
desire to multiply analyses for a given layer or site. While 
many analyses are becoming increasingly accessible, 
costs remain a barrier for many researchers and institu-
tions, not to mention the initial cost of acquiring cutting
edge equipment for local, regional, or even national 
autonomy in conducting analyses.

In conclusion, bone artefacts are fragile and, for some 
periods or contexts, numerically limited. Because we all 
recognize that this archaeological resource is not infinite, 
and as invasive analyses are poised to expand further, 
engaging in collective brainstorming on these issues is 
useful. Learning from our respective experiences, suc-
cessful or not, can better guide our analyses and prevent 
the destruction or irreversible loss of information for 
future generations.

Following precedents established by studies on human 
remains (Alpaslan-Roodenberg et  al., 2021; Orlando 
et al., 2021), the creation of a WBRG sub-working group 
dedicated to these issues appears timely. From such col-
laborative efforts, an international charter could emerge, 
providing guidelines that balance scientific advancement 
with ethical responsibility, minimise damage to artefacts, 
and ensure their long-term preservation. Such a frame-
work would safeguard these unique and irreplaceable 
materials for the benefit of future research.



Hard animal material industries, archaeometry, and ethics	 237

Nejma Goutas 
CNRS UMR 8068 TEMPS, Nanterre, France

nejma.goutas@cnrs.fr

José Miguel Tejero

Department of Evolutionary Anthropology and 
HEAS University of Vienna, Vienna, Austria

SERP. Departament d’Historia i Arqueologia, 
Universitat de Barcelona

Ancient DNA Genomics and Biological 
Anthropology Laboratory (Pinhasi Lab)

jose.miguel.tejero@univie.ac.at

Marianne Christensen

Université Paris 1 Panthéon-Sorbonne,  
Paris, France

UMR 8068 TEMPS
marianne.christensen@univ-paris1.fr

Marta Blasco Martín

Departamento de Prehistoria,  
Arqueología e Historia Antigua,  

Facultad de Geografía e Historia,  
Universitat de València, València, Spain

marta.blasco@uv.es

Jean-François Goret

Département Histoire de l’architecture 
et Archéologie de Paris (DHAAP), pôle 

Archéologie, Paris, France
jean-francois.goret@paris.fr

Alexandra Legrand 
CNRS UAR 3225, Nanterre, France

UMR 8068 CNRS 
alexandra.legrand@cnrs.fr

Caroline Peschaux

UMR 8068 TEMPS, Nanterre, France
caroline.peschaux@gmail.com

Isabelle Rodet-Belarbi

Inrap, Nice, France
SJA3, UMR 7264 CEPAM

isabelle.rodet-belarbi@inrap.fr



238 Nejma Goutas et al.

REFERENCES

ALPASLAN-ROODENBERG  S., ANTHONY  D., 
BABIKER  H., BÁNFFY  E., BOOTH  T., CAPONE  P., 
DESHPANDE-MUKHERJEE  A., EISENMANN  S., 
FEHREN-SCHMITZ  L., FRACHETTI  M., FUJITA  R., 
FRIEMAN  C.  J., FU  Q., GIBBON  V., HAAK  W., HAJ-
DINJAK  M., HOFMANN  K.  P., HOLGUIN  B., INO-
MATA  T., KANZAWA-KIRIYAMA  H., KEEGAN  W., 
KELSO J., KRAUSE J., KUMARESAN G., KUSIMBA C., 
KUSIMBA  S., LALUEZA-FOX  C., LLAMAS  B., 
MACEACHERN  S., MALLICK  S., MATSUMURA  H., 
MORALES-ARCE  A.  Y., MATUZEVICIUTE  G.  M., 
MUSHRIF-TRIPATHY V., NAKATSUKA N., NORES R., 
OGOLA  C., OKUMURA  M., PATTERSON  N., 
PINHASI R., PRASAD S. P. R., PRENDERGAST M. E., 
PUNZO J. L., REICH D., SAWAFUJI R., SAWCHUK E., 
SCHIFFELS  S., SEDIG  J., SHNAIDER  S., SIRAK  K., 
SKOGLUND  P., SLON  V., SNOW  M., SORESSI  M., 
SPRIGGS  M., STOCKHAMMER  P.  W., SZÉCSÉNYI-
NAGY A., THANGARAJ K., TIESLER V., TOBLER R., 
WANG  C.-C., WARINNER  C., YASAWARDENE  S., 
ZAHIR  M. (2021) – Ethics of DNA research on human 
remains: Five globally applicable guidelines, Nature, 599, 
pp. 41–46, https://doi.org/10.1038/s41586-021-04008-x

BOCHERENS H. (2015) – Isotopic tracking of large carnivore 
palaeoecology in the mammoth steppe, Quaternary Science 
Reviews, 117, pp. 42–71, 10.1016/j.quascirev.2015.03.018

DRUCKER D., RIVALS F., NADAL J., RUFÍ  I., SOLER  J., 
SOLER N., MAROTO J. (2024) – Ecology of large ungu-
lates in the northeastern Iberian Peninsula during the Upper 
Palaeolithic through stable isotopes and tooth wear analy-
sis, Quaternary Environments and Humans, 2, 4, https://doi.
org/10.1016/j.qeh.2024.100011

HANNUS  L.  A., HAYNES  C.  V., SHIPMAN  P., KAY  M., 
GRIMM E. C., FREDLUND G. G. (2018) – Clovis mam-
moth butchery: The Lange/Ferguson site and associated 
bone tool technology, College Station, Texas A&M Univer-
sity Press, 262 p.

MCGRATH  K., VAN DER SLUIS  L.  G., LEFEBVRE  A., 
CHARPENTIER  A., RODRIGUES  A.  S.  L., ÁLVA-
REZ-FERNÁNDEZ  E., BALEUX  F., BERGANZA  E., 
CHAUVIÈRE  F.-X., DACHARY  M., DUARTE 
MATÍAS  E., HOUMARD  C., MARÍN-ARROYO  A.  B., 
DE LA RASILLA VIVES M., TAPIA J., THIL F., TOM-
BRET  O., TORRES-IGLESIAS  L., SPELLER  C., 
ZAZZO  A., PÉTILLON  J.-M. (2025) – Late Paleolithic 
whale bone tools reveal human and whale ecology in 
the Bay of Biscay, Nat Commun, 16, 4646. https://doi.
org/10.1038/s41467-025-59486-8

MANNINEN  M.  A., ASHEICHYK  V., JONUKS  T., 
KRIISKA  A., OSIPOWICZ  G., SOROKIN  A.  N., 
VASHANAU A., RIEDE F., PERSSON P. (2021) – Using 
radiocarbon dates and tool design principles to assess the 
role of composite slotted bone tool technology at the inter-
section of adaptation and culture-history, Journal of Archae-
ological Method and Theory, 28, pp. 845–870, https://doi.
org/10.1007/s10816-021-09517-7

MARTISIUS  N.  L., WELKER  F., DOGANDŽIĆ  T., 
GROTE  M.  N., RENDU  W., SINET-MATHIOT  V., 

WILCKE  A., MCPHERRON  S.  J.  P., SORESSI  M., 
STEELE  T.  E. (2020) – Non-destructive ZooMS identi-
fication reveals strategic bone tool raw material selection 
by Neandertals, Scientific Reports, 10, 7746, https://doi.
org/10.1038/s41598-020-64358-w

MCGRATH K., ROWSELL K., GATES ST-PIERRE C., TED-
DER A., FOODY G., ROBERTS C., SPELLER C., COL-
LINS  M. (2019) – Identifying archaeological bone via 
non-destructive ZooMS and the materiality of symbolic 
expression: Examples from Iroquoian bone points, Scien-
tific Reports, 9, 11027, https://doi.org/10.1038/s41598-019-
47299-x

ORLANDO L., ALLABY R., SKOGLUND P., DER SARKIS-
SIAN C., STOCKHAMMER P. W., ÁVILA-ARCOS M. C., 
FU  Q., KRAUSE  J., WILLERSLEV  E., STONE  A.  C., 
WARINNER  C. (2021) – Ancient DNA analysis, Nature 
Reviews Methods Primers, 1, 14, https://doi.org/10.1038/
s43586-020-00011-0

PÉTILLON  J.-M., CATTELAIN  P., NORMAND  C., 
SCHWAB C., SZMIDT C. (2009) – Premières dates radi-
ocarbone pour le Magdalénien d’Isturitz (Pyrénées-Atlan-
tiques) », Bulletin de la Société préhistorique française, 106, 
3, pp. 588–592. https://doi.org/10.3406/bspf.2009.13880

SINET-MATHIOT  V., MARTISIUS  N.  L., SCHULZ-KOR-
NAS  E., VAN CASTEREN  A., TSANOVA  T.  R., SIR-
AKOV  N., SPASOV  R., WELKER  F., SMITH  G.  M., 
HUBLIN  J.-J. (2021) – The effect of eraser sampling for 
proteomic analysis on Palaeolithic bone surface micro-
topography, Scientific Reports, 11, 23611, https://doi.
org/10.1038/s41598-021-02823-w

TEJERO J.-M., CHERONET O., GELABERT P., ZAGORC B., 
ÁLVAREZ-FERNÁNDEZ E., ARIAS P., AVERBOUH A., 
BAR-OZ  G., BARZILAI  O., BELFER-COHEN  A., 
BOSCH M. D., BRÜCK F., CUETO M., DOCKNER M., 
FULLOLA  J.  M., GÁRATE  D., GIANNAKOULIS  M., 
GONZÁLEZ  C., JAKELI  N., MANGADO  X., MESH-
VELIANI  T., NERUDA  P., NIGST  P., ONTAÑÓN  R., 
SHEMER  M., ŠIMKOVÁ  P.  G., TAPIA  J., SÁN-
CHEZ DE  LA  TORRE  M., SCHWAB  C., WEBER  G., 
PINHASI R. (2024) – Cervidae antlers exploited to man-
ufacture prehistoric tools and hunting implements as a reli-
able source of ancient DNA, Heliyon, 10, e31858, https://
doi.org/10.1016/j.heliyon.2024.e31858.

TEJERO J. M., CHERONET O., GELABERT P., ZAGORC B., 
ALVAREZ E., AVERBOUH A., BAR-OZ G., BELFER-CO-
HEN A., BOSCH M. D., BRÜCK F., CUETO M., DOCK-
NER  M., FULLOLA  J.  M., GÁRATE  D., GIANNAK-
OULIS M., GONZÁLE C., JAKELI N., MANGADO X., 
MESHVELIANI  T., NERUDA  P., NIGST  P., ŠIM-
KOVÁ P. G., TAPIA J., DE LA TORRE M. S., SCHWAB C., 
WEBER  G., PINHASI  R. (2023) – A minimally-invasive 
method for ancient DNA sampling of Prehistoric bone 
and antler tools and hunting weapons [preprint], BioRxiv, 
https://doi.org/10.1101/2023.04.02.535282.

VAN DER SLUIS L.G., MCGRATH K., THIL F., CERSOY S., 
PÉTILLON J.-M., ZAZZO A. (2023) – Identification and 
tentative removal of collagen glue in Palaeolithic worked 
bone objects: Implications for ZooMS and radiocarbon dat-



Hard animal material industries, archaeometry, and ethics	 239

ing, Scientific Reports, 13, 22119. https://doi.org/10.1038/
s41598-023-49242-7

WOOD R., BERNALDO DE QUIRÓS F., MAÍLLO-FERNÁN-
DEZ J. M., TEJERO J. M., NEIRA A., HIGHAM T. (2018) 

– El Castillo (Cantabria, northern Iberia) and the Transi-
tional Aurignacian: Using radiocarbon dating to assess site 
taphonomy, Quaternary International, 474, Part A, doi.
org/10.1016/j.quaint.2016.03.005




