Use of red ochre by early Neandertals
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ecent debates on Neandertal material culture have highlighted the fact that Middle Paleolithic sites occasionally
contain pieces of manganese and iron oxides, interpreted as
pigments, possibly for personal decoration (1, 2). Some have
taken these ﬁndings an inferential step further and speculated on
the “symbolic implications of body painting” and ochre use for
our views on Neandertals (2). From the Upper Paleolithic record, red ochre is indeed well known for its use in cave paintings
and in ritual burial contexts. More “mundane” or “domestic”
uses of red ochre (derived from hematite, Fe2O3) are known
from the ethnographic record of modern hunter-gatherers, for
instance, as (internal and external) medication, as a food preservative, in tanning of hides, and as insect repellent (3–9).
Archeological studies have identiﬁed ochre powder as an ingredient in the manufacture of compound adhesives (10). Thus,
the use of iron oxides for “symbolic” purposes should be viewed as
a hypothesis that needs to be tested, rather than simply assumed.
For Europe, a recent review (11) mentions more than 40
Middle Paleolithic sites with possible pigments from the Marine
Isotope Stage (MIS) 6–3 range. These concern mostly manganese oxide ﬁnds and almost all sites date to the very end of the
Middle Paleolithic, between 60 and 40 ka (1 ka = 1000 y before
present) (11). Some of these late sites yielded considerable
quantities of these materials. From Pech de l’Azé I (France), for
instance, more than 450 small pieces of manganese dioxide are
known, with a total weight of ∼750 g; more than 250 of these
ﬁnds showed traces of utilization (12). Thus, solid evidence for
the use of manganese and iron oxides by Late Pleistocene
Neandertals is recorded from at least 60 ka onward. There are
claims for an earlier use of “red ochre” in Middle Pleistocene
archeological sites in Europe, such as for Terra Amata (France),
Becov (Czech Republic) (13), and Ambrona (Spain), but all of
these have been contested, for various reasons, including identiﬁcation and dating issues (14).
www.pnas.org/cgi/doi/10.1073/pnas.1112261109

Here we report on “red material” of considerably greater antiquity than the Late Pleistocene, minimally 200–250 ka old. This
material was recorded during the 1980s from excavations in the
Maastricht-Belvédère loess and gravel pit in The Netherlands (50°
52’09.40’’N, 5°40’27.33’’E). Fieldwork at this site focused on an
interdisciplinary study of an early Middle Paleolithic site complex
of ﬂint (and occasionally ﬂint and bone) scatters, preserved in
a primary archeological context in ﬁne-grained sediments of the
Middle Pleistocene Maas River. From these sediments, eight
archeological sites were excavated, as well as a series of test pits,
creating a total excavated surface area of 1,577 m2 (15–17). The
Middle Pleistocene river deposits yielded a full interglacial vertebrate fauna with 26 species (18) and a mollusk fauna containing
more than 70 land and freshwater species (19). Terrace and loess
stratigraphy, as well as mammal and mollusk biostratigraphical
evidence, indicate an age before the next-to-last glacial phase, that
is, before MIS 6 (20). Radiometric techniques included thermoluminescence dating of heated ﬂint artifacts, which yielded an age
of 250 ± 20 ka (21), and electron spin resonance dating of shells,
which yielded an age of 220 ± 40 ka, all converging to MIS 7 for
the Maastricht-Belvédère interglacial (20). However, amino acid
racemization dating of Corbicula shells from the interglacial
deposits, as well as biostratigraphically important elements of the
mollusk fauna itself, suggest an earlier age (i.e., MIS 9) for the
Belvédère interglacial and its associated archeology (22).
In the course of the archeological excavations, one of the sites,
site C (excavated between 1981 and 1983), yielded 15 small
concentrates of red material, with maximum size of 0.2–0.9 cm
and 0.1–0.3 cm thick, with sharp boundaries to the sedimentary
matrix (Figs. 1 and 2). The contrast in color between the brightred concentrates and the yellowish-brown (Munsell soil color
2.5Y5/3) to grayish-olive (5Y5/3) sediment was striking (Fig. 2),
facilitating recovery of these small, friable pieces at this site, excavated over an area of 264 m2 (Fig. 3). Although the red material
has been interpreted as hematite (15, 23), these ﬁnds did not play
a role in the history of ochre use, even though Maastricht-Belvédère became one of the ﬂagship sites of Middle Paleolithic
archeology, reviewed extensively in numerous textbooks (24).
Improved identiﬁcation methods and the increased focus on
ochre use in current paleoanthropology debates justiﬁed another
systematic study of the Maastricht-Belvédère material.
Results
Binocular microscopy investigation of three of the largest red
concentrates at site C (23) revealed a red staining agent sur-
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The use of manganese and iron oxides by late Neandertals is well
documented in Europe, especially for the period 60–40 kya. Such
ﬁnds often have been interpreted as pigments even though their
exact function is largely unknown. Here we report signiﬁcantly
older iron oxide ﬁnds that constitute the earliest documented
use of red ochre by Neandertals. These ﬁnds were small concentrates of red material retrieved during excavations at MaastrichtBelvédère, The Netherlands. The excavations exposed a series of
well-preserved ﬂint artifact (and occasionally bone) scatters,
formed in a river valley setting during a late Middle Pleistocene
full interglacial period. Samples of the reddish material were submitted to various forms of analyses to study their physical properties. All analyses identiﬁed the red material as hematite. This is
a nonlocal material that was imported to the site, possibly over
dozens of kilometers. Identiﬁcation of the Maastricht-Belvédère
ﬁnds as hematite pushes the use of red ochre by (early) Neandertals
back in time signiﬁcantly, to minimally 200–250 kya (i.e., to the same
time range as the early ochre use in the African record).

the previous XRD analyses of three samples from site C mentioned above (23).
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Fig. 1. The two largest hematite concentrates from site C at MaastrichtBelvédère. (Left) Concretion Dz23-16 against the background of the ﬁnegrained ﬂuvial deposit from which it was recovered. Dessication of the
matrix caused breakage of the concentrate. (Right) Concretion Bv-894,
∼2 mm thick, shown during excavation in Fig. 2.

rounding the larger quartz grains of the sedimentary matrix as
a very thin coating (Fig. 1 and SI Text). The boundary between
the red concentrates and the surrounding matrix was sharp both
macroscopically (Figs. 1 and 2) and in thin sections (SI Text).
Across this boundary, a signiﬁcant decrease in grain size was
observed from the matrix toward the red concentrates, with the
matrix richer in silt-sized mineral particles than the red concentrates. Occasionally the ﬁne red material was clotted together
with the clay and silt particles of the sediment. Importantly, individual reddish crystal grains (e.g., hematite) were not visible.
Earlier attempts at identifying this red material (23) focused on
the largest pieces recovered from site C, with X-ray diffraction
(XRD) analysis suggesting the presence of hematite (23). For the
present study, only the small concentrates were available, preserved in their sedimentary matrix (SI Text). Four pieces came
from site C (Cz11–1, Bz13-6, and Dz20-56, maximum dimension
3 mm, and WW10-8, maximum dimension 5 mm), and one piece
was retrieved during the excavations at site F (20/23–1, maximum
dimension 3 mm), one of the other sites in the ﬁne-grained
ﬂuvial deposits (see below). Analysis of these samples by XRD,
environmental scanning electron microscopy (ESEM), energydispersive X-ray spectroscopy (EDX), and several rockmagnetic
studies clearly indicated the presence of hematite in the samples,
along with a strong quartz component of the sediment matrix of
the red material (SI Text). These ﬁndings conﬁrm the results of
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Fig. 2. Site C, square Fz14, ﬁnd Bv-894 (Fig. 1) during excavation, January
28, 1982. A ﬂint ﬂake can be seen next to the hematite concentrate.
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Discussion
With the red material identiﬁed as hematite, how did it enter the
sediments? Our null hypothesis is that the hematite concentrates
were part of the sedimentary environment of the archeological
sites, that is, part of a natural background scatter of such ﬁnds.
The site C matrix consisted of well-sorted, ﬁne to very ﬁne silty
sands, with a silt and clay content of at least 15% by weight.
Micromorphological studies of the site C sediments indicated
low-energy deposition, which buried the archaeological remains
very calmly and gradually (15, 25). Laterally, the site C sediments
developed into loams. Study of the rich mollusk fauna retrieved
from such loamy deposits adjacent to the excavated area showed
the presence of stagnant water, suggesting that the site C area
was protected from the main channel of the Maas River,
a densely vegetated lacustrine niche in a predominantly ﬂuviatile
environment, during the climatic optimum of the interglacial
(19). Site C contained ﬂint knapping scatters of mainly Levallois
debitage, from which large amounts of artifacts could be reﬁtted
(Fig. 4) (21.5% of the 3D recorded ﬂint artifacts at site C; 70.4%
by total weight), including a Levallois recurrent reduction sequence (15, 26). The excavations entailed 3D recording of all
identiﬁable ﬁnds, including small (<0.5 cm) ﬂint chips and pieces
of bone and >5,800 charcoal fragments. The size distribution of
the ﬂint material was dominated by small (<2 cm) ﬂint artifacts,
composing ∼75% of the total 3D-recorded material. Spatial
studies showed an absence of winnowing patterns, also supporting the primary context character of the assemblage.
The site C “red ochre” ﬁnds constituted a very strong “search
proﬁle” during the subsequent 1984–1989 excavations and geological ﬁeldwork in the quarry, during which another 1200 m2
was excavated, distributed over various locales (sites F–N).
Excavators were explicitly instructed to look for “red material.”
At all sites but one (see below), excavation and documentation
procedures were comparable to those at site C, but despite this,
no ochre ﬁnds were recorded during subsequent excavations at
site G (50 m2) or site K (370 m2). At site N, an area of 765 m2
was meticulously excavated and recorded with the explicit aim of
studying the “background scatter” of ﬂint artifacts, bones, and
other ﬁnds present in the interglacial river deposits. The lowdensity distribution yielded 450 ﬂint artifacts, partly conjoinable,
but again no ﬁnd of red ochre concentrates (16). Some of the
excavations at the large, rich site K (10,192 ﬂint artifacts) proceeded faster than at the other sites (17), so there the absence of
comparable ﬁnds cannot be interpreted as a “real” absence. We
did discover three more pieces of red material during the 1984
excavations at site F, located ∼300 m SE of site C. One of the
pieces from this site was analyzed in this study and was also
found to contain hematite. Site F was excavated over an area of
42 m2. Its excavation yielded 1,215 ﬂint artifacts, of which we
reﬁtted 12.8% by numbers and 67% by weight. Apart from these
three pieces from site F, no other hematite ﬁnds were made
during the extensive archeological excavations in the quarry.
Furthermore, during the multidisciplinary studies of exposures in
the quarry in 1981–1989, thousands of meters of interglacial
Maas River deposits were cleaned and examined for geological
studies and for presence of various types of ﬁnds. Hundreds of
meters of such sections were sampled and drawn in detail, and
dozens of thin sections were prepared and studied (27), but no
traces of hematite were detected during any of these activities.
Based on these observations, we reject the null hypothesis that
the hematite fragments are part of the sedimentary environment
of the Maastricht-Belvédère archeological assemblage. Data independently supporting this interpretation come from the structure of the concentrates themselves, mentioned earlier. The hematite staining is seen to surround the quartz particles of the
Roebroeks et al.
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sedimentary matrix, with the hematite concentrate itself more
ﬁne-grained than the matrix, implying that the red material entered the sediments after their formation.
The combined evidence of onsite observations, studies of the
nonarcheological deposits, and the character of the concentrates
themselves concur with our inference that the presence of these
small fragments of nonlocal hematite was related to hominin
activities at sites C and F. With the null hypothesis rejected, and
given the data presented above, we need to explain the presence
of this hematite material surrounding the sediment particles in
the site C matrix. We hypothesize that the best explanation is
that the ﬁne hematite material was originally concentrated in
a liquid solution, and that blobs of this ochre-rich substance
became embedded in the sediments during use of the liquid,
Roebroeks et al.

spilled on the soil surface. To test this interpretation, we performed an experiment to observe the impact of drops of a hematite-rich liquid on the site C sediment (SI Text). Despite the
limitations of this experiment, the similarity of the experimentally produced concentrates to the archeological concentrates at
both macroscopic and microscopic levels is remarkable (SI Text)
and lend support to our interpretation of how the material entered the sediment.
What is the possible context of use of the hematite-rich liquid
substance at Maastricht-Belvédère? The site F assemblage contained only one formal tool, and its unmodiﬁed ﬂakes yielded no
microscopic signs of use. The absence of several larger ﬂakes in
conjoining groups indicates that site F is where large blanks were
produced for use elsewhere in the landscape. The presence of 15
PNAS | February 7, 2012 | vol. 109 | no. 6 | 1891
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Fig. 3. Distribution map of the site C ﬁnds, showing the positions of the 15 hematite dots. Excavation squares coordinate grid is in meters. The southeastern
part of the site, indicated in gray, was disturbed by karst. (Source: ﬁgure 27 from ref. 15.)
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Fig. 5. Map indicating the location of Maastricht (-Belvédère) and the
Ardennes iron ore sources (in red) of the Liège-Dinant-Namur area (1) as well
as the Eifel sources (2, 3) (modiﬁed after ref. 33). The arrow indicates the
transfer of ﬂint artifacts from the Maastricht Cretaceous chalk area to the
East Eifel sites of Wannen and Schweinskopf, as discussed in the text. Terrain
>500 m above sea level is indicated in dark green.
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Fig. 4. Reﬁtted group of 162 ﬂint ﬂakes, composing the remains of a ﬂat
disk-like core, recovered from the southern part of Maastricht-Belvédère site
C. This composition is one of the many reﬁts demonstrating the primary
context character of the site C assemblage (15).

heated ﬂints and some charcoal particles suggest the former
presence of a ﬁre.
At site C, two-thirds of the hematite particles were clustered in
the northwest part of the site, partially around the concentration
of small (<0.5 cm) charcoal particles. Five hematite pieces were
found in the southern part of the site among the ﬂint artifacts
recovered there, many of which were heated (15), possibly
reﬂecting a former ﬁre site (28).
Site C yielded some (use-) retouched tools, including three
scrapers (15). Faunal remains were poorly preserved (15). Based
on use wear analysis of the ﬂint artifacts, butchering activities
might have taken place there, and the presence of scrapers
suggests possible hide working (29), an activity that could have
involved hematite (30, 31). No traces of hematite were detected
on these artifacts, however. In summary, the spatial and functional context of the site C hematite ﬁnds offer no entry to the
former use of the hematite.
What we can state is that ochre use has now been documented
in an early Middle Paleolithic context, minimally dating to MIS
7, even though the application of the ochre is unknown. Claims
for comparable early use of ochre do exist for a few European
sites, as mentioned above, but are thus far unsubstantiated. It is
also interesting to note that the late Middle Pleistocene (MIS67?) B3 ﬁnd level at the site of Rheindahlen (Germany) yielded
1892 | www.pnas.org/cgi/doi/10.1073/pnas.1112261109

sandstone slabs with traces of use, possibly caused by grinding
mineral material (32). Nevertheless, the Maastricht-Belvédère
case thus far remains a unique occurrence. Our interpretation of
the Maastricht-Belvédère material predicts that more traces of
hematite use will turn up in future excavations of Middle Paleolithic sites in comparable archeological as well as geological
settings, that is, with a sedimentary matrix that guarantees the
survival and visibility of such small pieces and a research context
that allows careful excavation.
The nearest hematite sources known are at ∼40 km from the
site, in the Ardennes and Eifel areas (33) (Fig. 5). The Ardennes
sources, in the Liège-Dinant-Namur area, are located in the
catchment of the Maas River, but despite this, hematite has not
yet been recorded in stone counts of the river gravels (15) in the
Maastricht region. However, one cannot rule out the possibility
that very small quantities of hematite were collected from river
bars in the late Middle Pleistocene. Hematite is present (albeit
very sporadically) in Paleozoic rocks in the Ardennes-Rhine
Massif, especially in quartz veins with hematite crystals. Stones
and boulders of these rocks are present in Maas deposits,
transported from their source areas on ice rafts. Hypothetically,
Neandertals might have stumbled on such hematite in a large
quartz boulder, although this likely would have been a very rare
encounter. Neandertal sites like Spy and Sclayn are amongst the
many Middle Paleolithic sites in this Ardennes source area in
the Maas basin. Some of these sites yielded artifacts made out
of ﬂints from the Maastricht chalk area, testifying to contacts
between the two regions in the later Middle Paleolithic (34).
Regarding a possible connection to the sources in the northern
part of the Eifel (33), it is interesting to note that two early
Middle Paleolithic (MIS 6) sites in the Eifel area yielded small
numbers of artifacts made of ﬂint from Cretaceous deposits from
the Maastricht area (Schweinskopf site, n = 5; Wannen site, n =
8) (35). These ﬂints were discarded in the Eifel at distances of
∼100 km from their geological sources near Maastricht (34, 35).
The hematite material might have traveled in the opposite direction, from the Eifel to the Maastricht area, but better (i.e.,
signiﬁcantly larger) samples are needed to test such a hypothesis
by establishing a solid provenance for the Belvédère material.
The occasional transport of stone artifacts over distances comparable to those discussed here is well documented for the European Middle Paleolithic (34–38), and a hypothetical import of
Roebroeks et al.

Conclusion
The small hematite concentrates reported here constitute the
earliest case of use (and possibly transport over several dozens of
km) of this material in the Neandertal archeological record. The
ﬁnds probably entered the matrix of the site as drops from an
ochre-rich liquid substance during unknown application activities. The ﬁnds provide only a very limited window into manipulation of red ochre by early Neandertals, certainly compared
with the unique and detailed information recently published for
Blombos Cave, South Africa (39). However, importantly, with
identiﬁcation of the Maastricht-Belvédère material as hematite,
the use of red ochre by early Neandertals has been pushed back in
time to at least 200–250 ka (MIS 7), that is, to the same time range
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as documented for the African record, produced by Middle
Pleistocene ancestors of modern humans. Future studies can be
expected to yield comparable ﬁnds from early Middle Paleolithic
settings, either during ﬁeldwork or as the result of the reanalysis of
old ﬁnds. The currently available evidence suggests a sporadic use
of red ochre by early Neandertals, minimally from MIS 7 onward.
Methods
In the ﬁrst study of the largest pieces from site C, one investigator (C.E.S.A.)
produced a concentrate of the red crusty material of ﬁnd Dz23-16 by carefully
grinding it to release the reddish material. The sample was then placed in
a concave glass dish ﬁlled with alcohol, and the ﬁnest fraction of the reddish
powder was separated from the bulk sample by panning. After further grinding
to obtain a suitable grain size, this concentrate was used for XRD, which showed
that the red stain was caused by the presence of hematite (23). For the present
study, four small samples of reddish material from the Maastricht-Belvédère
excavations at site C (Cz11–1, Bz13-6, Dz20-56, and WW10-8) and a fragment
from site F (20/23–1) (Fig. S4) were subjected to various analyses to study their
physical properties, including ESEM, EDX, XRD, and several types of rockmagnetic analyses. All analyses were performed at the laboratories of the
Centro Nacional de Investigación Sobre la Evolución Humana, Burgos, Spain,
where thin sections of samples Bz 13–6 and Dz20-56 (site C) were produced as
well. More details are provided in SI Text.
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