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The timing of the initial dispersal of hominins into Eurasia is unclear. Current
evidence indicates hominins were present at Dmanisi, Georgia by 1.8 million
years ago (Ma), but other ephemeral traces of hominins across Eurasia predate
Dmanisi. However, no hominin remains have been definitively described from
Europe until ~1.4 Ma. Here we present evidence of hominin activity at the site of
Graunceanu, Romania in the form of multiple cut-marked bones. Biostrati-
graphic and high-resolution U-Pb age estimates suggest Graunceanu is

>1.95 Ma, making this site one of the best-dated early hominin localities in
Europe. Environmental reconstructions based on isotopic analyzes of horse
dentition suggest Graunceanu would have been relatively temperate and
seasonal, demonstrating a wide habitat tolerance in even the earliest hominins
in Eurasia. Our results, presented along with multiple other lines of evidence,
point to a widespread, though perhaps intermittent, presence of hominins
across Eurasia by at least 2.0 Ma.

Current evidence for the earliest appearance of hominins outside
Africa comes from the site of Dmanisi, Georgia. Dated to 1.85-1.77
Ma'!, the Dmanisi assemblage includes a large number of hominin
remains?, as well as lithics and evidence of hominin modification of
animal remains (e.g., butchery marks®). This site clearly demonstrates
a hominin presence in Southwest Asia/ Eastern Europe by the Early
Pleistocene (Gelasian), yet the exact timing of the initial dispersal of
hominins out of Africa and the long-term success of these dispersals
is debated (e.g.,*). This is especially true for Europe, where there is an
ongoing discourse regarding the timing of hominin presence in

southern and northern Europe®®. Updated chronologies for fossil
localities in Asia (especially China’) and a growing number of local-
ities that may represent fleeting or ephemeral traces of hominin
activity (e.g., lithics and/or anthropogenic modifications of bones
unaccompanied by hominin fossils) throughout Eurasia increasingly
suggest hominins were likely present in Eurasia prior to Dma-
nisi (Fig. 1).

One Early Pleistocene Eurasian locality that could shed light on
the initial dispersal of hominins into Eurasia is Graunceanu, located in
the Oltet River Valley (ORV) of Romania. This region is situated in the
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Fig. 1| Map of fossil localities showing evidence of hominins (either hominin
fossils, lithics, or cut-marked bones) in northern Africa and Eurasia prior to
1.0 Ma. Sites shown in blue text are suggested to be >2 Ma. Inset in the lower left
corner shows locations of fossil sites discussed in this study. Citations for fossil
localities are provided in Supplementary Data 4. Blank world map data with country

borders was drawn from Wikimedia Commons (CC-BY-SA 3.0). Map inset images
are drawn from satellite imagery available via Google Earth (GoogleLandsat /
CopernicusData SIO, NOAA, U.S. Navy, NGA, GEBCOGeoBasis-DE/BKG ©2009 and
GoogleAirbusMaxar TechnologiesCNES / Airbus).

Dacian sedimentary basin, just south of the Carpathian Mountains
(Fig. 1). Deposits stem from the Tetoiu Formation, sediments of which
represent multiple fluvio-lacustrine sequences that are rich in fossils®’.
This formation extends from the base of the Pleistocene to as young as
-1.3 Ma® (see Supplementary Note 1). Graunceanu was originally
excavated in the 1960s and is one of the best known Early Pleistocene
sites from East-Central Europe. Biochronological assessments indicate
Gréaunceanu is Late Villafranchian (~2.2-1.9 Ma) and is attributed to
mammalian biostratigraphic zones MN17/MmQI°™". At least 31 taxa
(Supplementary Data 1) are identified from Graunceanu, including
mammoth, multiple species of bovids and cervids, giraffids, equids,
rhinocerotids, multiple carnivore species, rodents (beaver, porcu-
pine), ostrich, a large species of terrestrial monkey (Para-
dolichopithecus), and the youngest representative of pangolins in
Europe™ ™. Paleoecological analyses suggest Graunceanu was a forest-
steppe environment along the paleo-Oltet river”. Other localities in the
ORYV include the penecontemporaneous sites of La Pietris and Valea
Roscdi and the slightly biochronologically younger Fantana lui
Mitilan’, as well as multiple smaller localities. Though no hominin
remains or in situ lithics have been identified from Graunceanu, prior
researchers have described lithics (see Supplementary Note 2 and
Supplementary Fig. 1) from the nearby penecontemporaneous site of
Dealul Mijlociu™, which Radulesco and Samson’ placed in a similar
faunal horizon as Graunceanu based on their biochronological
comparisons.

Here we present evidence of hominin presence in Eurasia by at
least 1.95Ma in the form of cut-marked bones from the site of
Graunceanu, Romania, supported by high-precision uranium-lead (U-
Pb) age estimates. We also perform high-resolution oxygen and
carbon stable isotope analysis of a horse maxilla from the same site
to reconstruct temperature seasonality and precipitation. We place
these data into the context of the larger discussion regarding
ephemeral traces of early hominin dispersals into Eurasia in the Early
Pleistocene and argue in favor of a hominin presence across Eurasia
by at least 2.0 Ma.

Results

Taphonomy

The total number of identified specimens (NISP) from Graunceanu is
4983. Of these, 4524 (excluding isolated teeth and horn/antler speci-
mens) were examined under strong, low-angled light for evidence of
bone surface modifications (BSMs) by one or more observers, fol-
lowing protocols outlined in ref. 17. The taphonomic condition of the
remains is very consistent (i.e., all bones show similar coloration and
post-depositional alterations), with many bones still in articulation at
the time of excavation, and the majority of specimens (>75%) pre-
serving at least half of the original skeletal element. We interpret this
assemblage as representing a single deposition, likely a low-energy
overbank seasonal flood deposit. The assemblage overall shows little
weathering (85.3% of specimens at weathering stage 0) or water-based
alterations (only 21 specimens have polishing). These results suggest
the assemblage was not subject to reworking and was not exposed for
long on the surface before burial. Bone surface visibility overall is very
good, with most specimens (> 73%) having 75-100% of the bone sur-
face visible. A large proportion of specimens (81.7%) present some
degree of root-etching, and post-depositional damage (e.g., chipping,
cracking, exfoliation, etc.) was present on 41.5% of specimens. Carni-
vore damage is present on 9.5% of the assemblage in the form of tooth
scores, pits, crenulated break edges, or any combination of these three
bone modifications.

A total of 1,189 specimens from Graunceanu exhibit linear
marks; the vast majority of these were identified as tooth (n=290),
trampling (n=172), excavator (n=296), or unknown (n = 411) marks
(see Supplementary Notes 3-5). No evidence of percussion marks was
recorded. Twenty specimens total exhibit cut marks; of these, 7 dis-
play high-confidence cut marks, 12 show probable cut marks, and
1 specimen presents both types of marks (Fig. 2, Supplementary
Figs. 2-21, Supplementary Data 2); detailed descriptions of all marks
can be found in Supplementary Note 5. Cut marks were identified
using two methods: 1) qualitative analyses modified from'*, and 2)
quantitative analyses using methods outlined in ref. 20
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Fig. 2 | Selected images of high-confidence cut-marked specimens from the Oltet River Valley assemblage. A = VGr.1483, B = VGr.2004, C = VGr.1515, D = VGr.0519,

E=FM.0091. Scale bar in Cis 1cm.

(Supplementary Figs. 22-24, Supplementary Table 1). The eight
specimens identified as having high-confidence cut marks include
four tibiae, one mandible, one humerus, and two long bone frag-
ments. All of the taxonomically identifiable specimens with high-
confidence cut marks are from artiodactyls, except one small carni-
voran tibia. Most specimens have two or more linear marks identified
as cut marks. All high-confidence cut marks have straight trajec-
tories, primarily transverse orientations relative to the long axis of
the bone, and the same color within the mark as the main bone
surface, while very few have preserved evidence of microstriations or
shoulder effects. For specimens that could be identified to element,
the cut marks appear in anatomical locations consistent with
defleshing, especially the distal tibia. Most marks identified as high-
confidence cut marks were also classified as cut marks by the

quantitative analysis with high posterior probabilities (Supplemen-
tary Data 2).

The 13 specimens exhibiting probable cut marks were given lower
confidence due to these specimens having more degraded surfaces
(e.g., root etching, surface exfoliation), not being identified as cut
marks in the quantitative analysis, and/or not presenting enough
qualitative features to be definitively identified as cut marks. These
marks are found on a wider variety of skeletal elements, though
metapodia are the most frequent (n =5), followed by other long bones
and mandibles. Probable cut marks could be a single long linear
mark or a patch of up to 15 small linear marks. Most have straight
trajectories, are more frequently obliquely oriented to the long axis of
the bone, rarely have microstriations, and none exhibit shoulder
effects.
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Fig. 3 | Results of the U-Pb dating analysis. Results show age per sample (black
circles) with corresponding uncertainties (+20) after corrections accounting for
initial 28U-*U disequilibrium for the nine samples from three localities analyzed
here. See Supplementary Table 2 for details of each sample.

U-Pb dating

Radiometric ages for ORV localities were estimated using laser abla-
tion U-Pb analyses (broadly following” and parameters detailed in
Supplementary Table 2) of dentine from seven mammal specimens
from Graunceanu, one from Valea Roscai, and one from Fantana lui
Mitilan (Fig. 3, Supplementary Tables 3 and 4, Supplementary
Figs. 25 and 26). In Supplementary Table 5 we show both “equilibrium”
age estimates, based on the U-Pb data, and also slightly younger
“disequilibrium-corrected” ages, which take into consideration
potential initial disequilibrium in the Z%U-*°Pb decay chain (see Sup-
plementary Note 6). All subsequent discussion utilizes the latter, which
provide the most robust age estimates for the Graunceanu samples
and range from 2.01+ 0.20 Ma to 1.87 + 0.16 Ma ( + 20) with an average
of 1.95Ma; ages cluster tightly around this average (Fig. 3), lending
high confidence to this estimate. Specimen VRc.0001 from Valea
Roscai returned a corrected age of 2.05+0.22 Ma, while specimen
FM.0019 from Fantana lui Mitilan returned a corrected age of
1.61+0.10 Ma. These U-Pb estimates agree with biochronological
estimates for Graunceanu and Fantina lui Mitilan" and with the stra-
tigraphic positioning of Valea Roscdi, which has been suggested to be
similar in age to Graunceanu’ (see Supplementary Note 6). These
results provide our best estimates of the minimum ages of fossil burial,
as they represent final closure of the U-Pb system following post-
depositional uranium exchange with the environment, which is ubi-
quitous in fossil teeth and bone samples. The time between deposition
and closure is almost certainly variable and probably site related.
These U-Pb results, coupled with the biochronology for these
localities" ™, lend high confidence to our estimated age of deposition
for Graunceanu of >195Ma and potentially prior to 2.0 Ma, and
indicate that Graunceanu may be the earliest locality in Europe to show
evidence for hominin activity.

Stable isotopes

We analyzed oxygen (6'°0) and carbon (6°C) stable isotope ratios from
post-weaning cheek teeth of an Equus sp. specimen from Graunceanu
(Fig. 4, Supplementary Data 3, Supplementary Note 7). We used high-
resolution sampling to assess variation across the tooth crown and

along the tooth row (P-M); this allowed us to examine seasonal fluc-
tuations in rainfall, as equids are obligate drinkers (i.e., they depend on
fresh water sources) and their diet is relatively fixed (i.e., grazing).

The 6®0 values we observe in carbonate vary between 19.9%. and
26.2%o (Vienna Standard Mean Ocean Water; VSMOW), with an average
value of 23.5%.. Curran et al” reported mean %0 values from
Graunceanu of 18.9%. to 25.3%. (VSMOW) and this slight difference
could be explained by the fact that their values were measured on bulk
samples from multiple artiodactyl specimens, incorporating enamel
with an undetermined seasonal bias, or could represent variation in
feeding behaviors and/or migratory habits.

We converted these §®0 isotopic values to meteoric water values
using three different transfer functions?>*. The average of annual
values across the P2-P3-P4-M3 tooth series and across the three equa-
tions is —10.8 +1.0%. (VSMOW), which is lower than the present-day
weighted mean at Ramnicu Valcea of -8.1%.. Such a large difference
would result in annual temperature reconstructions of ~4°C if the
equations of Rozanski et al.”* or Pryor et al.>® were employed, but
this reconstruction is incompatible with the presence of warm-adapted
fauna at Graunceanu®™™, Multiple factors could influence the isotopic
signature of rainfall at Graunceanu (e.g., air mass origin, rain-out history,
global ice volume, moisture recycling); however, information on these
factors from the Early Pleistocene is scarce and does not allow us to
discuss their potential isotopic impact on regional rainfall. Thus,
we argue that this lower value suggests an increased winter precipita-
tion component to aquifer recharge compared to present. An increased
winter component in the Early Pleistocene could also explain
why reconstructed summer values at Graunceanu (-7.3%.) are
lower than regional values for today” (-3.9%.), as the horse might
have consumed water with a stronger winter isotopic signal (see
Supplementary Note 7).

Conversion of our enamel 6°C values to plant tissue 6°C yields
values between —28.9 + 0.5%. and -25.7 + 0.5%. (VPDB), consistent with
feeding in awoodland to woodland-mesic C3 grassland®®, and supports
prior environmental reconstructions for Graunceanu®. The highest
values are recorded in summer, which could be related to photo-
synthesis under drought stress?’, while the lowest values are recorded
during winter (Fig. 4). Using the equation of Kohn®’ and after per-
forming full error propagation, we obtained precipitation values
between —4 and 32 mm for the driest month, and between 45-222 mm
for the wettest month. This result further supports our interpretation
of an increased winter precipitation component to aquifer recharge in
the ORV.

Discussion

The ongoing debate regarding the timing and location of the earliest
hominin dispersal(s) into Eurasia has been hampered by a variety of
challenges, including dating uncertainty, lack of research in some
geographic regions, and arguments about the anthropogenic nature of
several lithic assemblages®*°. A survey of reported early hominin sites in
Eurasia and northern Africa > 1 Ma (Figs. 1, 5) returns at least 49 localities
spread across these regions; 16 potentially predate Dmanisi. The sites
show a combination of hominin fossils, lithic assemblages, and evidence
of butchery, though only a few include all three indicators.

The earliest sites (pre-2 Ma) outside of Africa cluster in the Middle
East, western Russia around the Black and Caspian Seas, central Asia,
and China. These sites include a mixture of localities with only lithics
and/or a small number of bones with cut marks. Several sites in this
group have been reported to have cut-marked bones, though the
percentages of the assemblages showing these modifications is low
(Masol= three cut-marked bones”, Liventsovka= one bone with mul-
tiple marks*, Muhkai 2= one bone with six marks*). The only site pre-
dating Dmanisi with potential hominin remains is Longgudong at
2.01-1.87 Ma, where six hominin teeth and a large lithic assemblage
have been described™.
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in modern horses by ref. 75; M'= upper first molar, M?= upper second molar, P>=
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values but are figured for comparative reasons. The horizontal solid line represents
the modern day weighted annual average 6”0 value of meteoric water at Rimnicu
Valcea while the horizontal dashed line and brackets above and below represents
the average annual 60 value of meteoric water reconstructed for Graunceanu
based on enamel carbonate 6”°0. Vertical gray shading represents a year (summer
peak to summer peak) for each tooth (see Supplementary Note 7). VSMOW-= Vienna
Standard Mean Ocean Water; VPDB= Vienna Pee Dee Belemnite. Data represented
in this figure are provided in Supplementary Data 3.

Another ~dozen sites date to 2—1.5 Ma; these sites are again clus-
tered in the Middle East, Russia, and China and include the first
indisputable evidence of hominins outside of Africa (i.e., Dmanisi,
Gongwangling). From 15 to 1Ma are the first sites suggesting the
presence of hominins in Europe and far southeast Asia; notably these
sites show indisputable evidence of hominins in the form of hominin
fossils, well-defined lithic assemblages, and a much larger number of
sites with animal bones showing evidence of butchery. At present, the
earliest hominin fossils from Europe are Barranco Led6n, Spain
(1.4 Ma)*, Kocabas, Turkey (1.3-1.1 Ma)*®, and Sima del Elefante, Spain
(1.2-1.1Ma)*”, though multiple other localities have lithic assemblages
and cut marked faunal remains (Fig. 5).

Cut-marked faunal remains are reported for 21 of the sites listed in
Fig. 5. Sites with the highest percentages of the assemblage showing
cut marks (Supplementary Table 5) are El Kherba (2.100%*), Ain
Boucherit (Lw) (5.743%), and Sima del Elefante (5.000%°); all other
sites report rates of < 2%, sometimes substantially so. At Dmanisi only
0.392% of the assemblage is cut-marked®, demonstrating that evidence
for butchery in the assemblage is low, even while hominins were clearly
present. In comparison, 0.176% of the Graunceanu assemblage dis-
plays high-confidence cut marks, or 0.442% if probable cut marks are
included. Though no lithics or hominin fossils are found at Graun-
ceanu, our detailed taphonomic analysis reveals clear evidence of
hominin presence in the form of anthropogenic bone surface mod-
ifications at rates comparable to similarly aged and even younger sites
where hominins and/or stone tools are present and well-accepted.
While not all sites listed here have published taphonomic assessments,
all that have full taphonomic analyses report the presence of cut marks

in their assemblages (Supplementary Table 5). This pattern exists
independent of the size of the fossil assemblage and may be a type of
“Olduvai Effect”, where more intense research leads to more exten-
sive and nuanced interpretations. Thus, it is likely that with further
taphonomic investigations, more traces of early hominin presence in
Eurasia will be identified.

We recognize that without lithics or hominin fossils from Graun-
ceanu our taphonomic analysis may be viewed with skepticism. How-
ever, there are several Early Pleistocene sites in eastern Africa with
published evidence for hominin butchery marks that also do not pre-
serve lithics or hominin fossils****, Acknowledging this limitation, we
used both established qualitative methods™®"” and quantitative
methods? that yield high reclassification rates. The linear marks we
identified as cut marks in our qualitative analysis returned high pos-
terior probabilities in the quantitative analysis, supporting their clas-
sification. We also conservatively eliminated many linear marks of
unknown origin from further consideration. Still, we are left with
strong evidence for hominin butchery at Graunceanu, the strength of
which cannot easily be dismissed.

The anthropogenic origin of some of the sites included here,
especially those >2 Ma, are debated*°. It is possible that some of
these sites are incorrectly dated and/or not anthropogenic in origin;
however, it is difficult and perhaps unwise to discount this volume of
evidence, and we suggest it is prudent to seriously consider that
hominins were present in Eurasia prior to 2 Ma. Indeed, our results
indicate the presence of hominins in East-Central Europe by
>1.95Ma. In fact, among European sites potentially older than
2.0 Ma, Graunceanu stands out as benefitting from the most reliable
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estimate of its (minimum) age, with previously published biochro-
nological estimates® now supported by radiometric dating that
have the analytical advantage of providing associated quantifications
of uncertainty.

We purposefully avoid discussion of the hominin species (or
multiple species) that may have been the first to disperse into Eurasia.
This is a period when multiple hominin species coexisted at sites in
eastern and southern Africa***®, The taxonomic affinity of nearly all
hominin fossils in Fig. 5 is debated; many are identified only to Homo
sp. and others are identified as Homo erectus/ergaster. Present
evidence**" indicates that the earliest H. erectus sensu lato was present
in both South Africa and Ethiopia ca. 2.0 Ma; this therefore broaches
the possibility that, if hominins were present in Eurasia prior to 2.0 Ma,
then they may not have been H. erectus, and/or that H. erectus is older
than we currently have data for.

There are many uncertainties regarding the initial dispersal of
hominins into Eurasia, including timing, routes, and continuity of these
dispersals**%. If hominins initially dispersed out of Africa >2 Ma, then
almost certainly the ephemeral nature of their traces is evidence of
spatially and/or temporally discontinuous populations, perhaps lim-
ited to a restricted latitudinal range and/or interglacial periods where
environments may have been more conducive to their presence**’.
There is currently little evidence to support dispersal directly from
Africa into Europe via Gibraltar; instead, dates of suggested hominin
localities in the Middle East more strongly support dispersal via the
Sinai Peninsula®® (Fig. 5), though the lack of investigation in some
geographic regions makes identifying specific routes challenging.
During the Early Pleistocene, the extent of the Black Sea was similar to
present-day, implying a similar configuration of its shores, and that it
was disconnected from the Mediterranean®. Thus hominins could
have either dispersed from the north around the Black Sea and south
into Romania, as suggested by the presence of multiple potential
hominin localities in the Caucasus and southwestern Russia*’, or they
may have crossed into Europe via the land bridge between Anatolia
and the Balkan peninsula and then dispersed northward, perhaps
skirting the shore of the Black Sea.

In any scenario, hominins likely had to contend with cooler
environments with more seasonal temperature fluctuations than they
would have been adapted to in Africa. Hominin artifacts on the Chinese
Loess plateau at 2.12 Ma that were deposited during colder and drier
periods suggest hominins were capable of handling cooler climates at
this time’. Our paleoenvironmental data for Graunceanu indicate an
open, arid environment with some nearby woodlands and water
sources”. However, the presence of more warm-adapted (or at least
likely not cold-tolerant) species such as the large terrestrial macaque
Paradolichopithecus, pangolins, and ostriches suggests that ORV win-
ter temperatures were relatively mild. While fauna indicates mild
winters, stable isotope data indicate that precipitation at Graunceanu
had a marked seasonal distribution, likely resulting in wet winters and
dry summers. These paleoenvironmental and isotopic results, coupled
with the fact that the ORV is situated at -45° N, support arguments**’
that hominins likely exploited warmer interglacial periods to disperse
into higher latitudes (>40°).

Hominins as a whole, and particularly members of the genus Homo,
are often characterized by their environmental flexibility*>. The wide-
spread presence of hominins in Eurasia circa 2Ma, as we argue and
provide evidence for here in the form of cut-marked bones securely
dated to minimally 1.95 Ma, is further support for this flexibility. These
hominins would have had to contend with new environments and
ecosystems with increased seasonality. While it is clear that the hominin
presence in Eurasia at this time was likely geographically and temporally
discontinuous, the preponderance of ephemeral traces for hominins in
this region can no longer be ignored.
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Masol, India 2.6
Longgupo, China  2.5-2.0
Zarqa Valley, Jordan 2.48 -1.95
Yiron, Israel 2.47
Xihoudu, China 2.43
Ain Boucherit (Lw), Algeria 2.4
Renzidong, China ~ 2.4-2.0
Shangchen, China 2.12-1.26
Liventsovka, Russia  2.1-1.97
Kermek, Russia 2.1-1.8
Mubhkai 2, Russa  2.1-1.77
Longgudong/ Jianshi, China ~2.01 -1.87
Pabbi Hills, Pakistan 2.0-1.0
Riwat, Pakistan 2.0-1.9
Graunceanu, Romania >1.95
Ain Boucherit (Up), Algeria 1.9
Dmanisi, Georgia  1.8-1.76
Trlica, Montenegro 1.8-1.5

Ain al Fil, Syria 1.8

Ain Hanech, Algeria 1.77
El Kherba, Algeria 1.77
Yuanmou, China 1.72
Majuanguo I1I/Goudi, China 1.66
Gongwangling, China  1.65-1.54
Majuanguo II, China 1.64
Fantana lui Mitilan, Romania 1.61
Pirro Nord, Italy ~ 1.6-1.3
Rodniki, Russia 1.6-1.2
Bogatyri/ Sinyaya Balka, Russia ~ 1.6-1.2
Bizat Ruhama, Israel 1.6-1.2
Majuanguo I, China 1.55
'Ubeidiya, Israel 1.5-1.2
Modjokerto, Indonesia 1.49
Sangiran, Indonesia <1.45 -0.79
Korolevo, Ukraine 1.42

Barranco Leon, Spain 1.4

Xiaochangliang, China 1.36
Dachangliang/Xiantai, China 1.48
Majuanguo, Banshan, China 1.32

Thomas Quarry, Morocco 1.3

Bois-de-Riquet, France ~ 1.3-1.2
Kocabas, Turkey 1.3-1.1
Isampur, India 1.27
Gediz Bridge, Turkey 1.24-1.17
Vallonnet, France 1.2-1.1
Sima del Elefante, Spain 1.2-1.1
Fuente Nueva-3, Spain 1.19
Pont-de-Lavaud, France 1.1
Donggutuo, China 1.1
Cenjiawan, China 1.1

Fig. 5 | Reported hominin localities from the Early Pleistocene of Eurasia and
northern Africa prior to 1 Ma. The presence of hominin remains, lithic materials,
and hominin modifications (e.g., evidence of butchering) is indicated for each site.
See Supplementary Data 4 for associated references and more details for each
locality.
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Methods

Materials examined as part of this research are housed at the “Emil
Racovitd” Institute of Speleology (ISER) and the Museum of Oltenia
(MO); materials from the ORV are currently split between these two
institutions. These collections are curated by coauthors Petculescu
(ISER) and Popescu (MO) and permissions to access the collections for
this research were granted by the curators and associated institutions.

Excavations at Graunceanu were undertaken from 1960-1966,
with some additional test excavations and/or collection as early as1959
and as late as the 1970s. Nearly all excavation records and provenience
data have unfortunately been lost. Publications by Bolomey™ and
Radulesco and Samson’® describe the open-air site of Graunceanu as
a-~0.75 meter (m) thick bone bed spread over an area 90m?, with little
to no stratification of the fossil horizon. All Graunceanu materials
examined as part of this study, including those sampled for U-Pb
dating and isotopic analysis, come from the original excavations that
took place in the 1960s and stem from this single faunal accumulation.
We therefore have high confidence that these remains all represent the
same depositional event. Detailed taphonomic descriptions of the ORV
localities are forthcoming.

Our team has successfully reidentified the locations of multiple of
the fossil localities in the ORV, and we have accessioned and/or inven-
toried these collections. The total number of identified specimens
(NISP) for the Oltet River Valley Assemblage is currently 5527. This
includes materials from Graunceanu (NISP = 4983) and smaller localities
such as Fantana lui Mitilan (NISP=139) and La Pietris (NISP=116)
(Supplementary Data 1). There are at least 31 unique taxa from
Graunceanu™™; paleoecological reconstructions® suggest Graunceanu
was likely an open grassland environment with some woodlands and
water sources nearby, comparable to a forest-steppe habitat.

Qualitative analysis of bone surface modifications

We analyzed a total of 4746 specimens from four localities (Graun-
ceanu= 4524, La Pietris=114, Fantana lui Mitilan=68, and Fantana
Alortetei=40). Specimens were examined for bone surface modifica-
tions (BSMs) under strong, low-angled light from a gooseneck lamp
both macroscopically and with a 10x hand-lens by one of four analysts
(SC, BP, SG, CET) following procedures outlined in ref. 17, in constant
consultation with each other. Analyses took place during the summers
of 2019 and 2022. Fossil surfaces were inspected for a variety of abiotic
(e.g., adhering matrix, smoothing, bone surface pitting, erosion/dis-
solution, cracking/sediment splitting, exfoliation/flaking) and biotic
(carnivore or hominin modification, trampling, root/fungal rhizo-
morph etching, rodent gnawing, insect activity, digestion, preparators
marks) modifications and all instances were recorded in a shared Excel
spreadsheet. Linear marks, defined as any mark at least twice as long as
it is wide, were given particular attention. For any marks we suspected
to be cut marks we recorded a subset of the qualitative criteria
established in Dominguez-Rodrigo et al.'®": trajectory, presence of
barbs, orientation, cross-sectional morphology, number of visible
marks, internal symmetry, any shoulder effects visible, any micro-
striations visible inside the linear mark, any other striations outside of
the mark, and color of the interior of the mark relative to the rest of the
bone surface. Taxonomic identification, skeletal element, side, portion
of element present, and anatomical location of the linear mark (when
possible) were recorded. Linear marks of suspected anthropogenic
origin were photographed using a DSLR with a macro-lens and a Dino-
lite Model Edge and molded two to three times using Coltene Pre-
sident Jet light body dental molding material for further quantitative
analysis as described below.

Quantitative analyzes of bone surface modifications. Impressions
were taken of marks observed during the qualitative analysis using
Coltene President Jet light body dental molding material and sent to
MP for quantitative analysis. Marks of interest were molded several

times, and the second set of molds were used in this analysis, since
adhering sediment on some specimens was removed in the first round
of molding. Because all materials are completely mineralized the
molding process did not damage or alter the surface of the bones. MP
was kept blind to the results of the qualitative analysis and no other
contextual information was provided. Photographic images were only
shared after the initial analysis when it became clear that some marks
analyzed by MP were not the mark intended for study. These were
removed from the analysis and in most cases the correct mark was
subsequently identified on the mold and analyzed. In some cases, the
mark intended for study was not present or was poorly preserved in
the mold, and in a few instances marks that were molded correctly
were subsequently removed from analysis due to bioerosion over-
lapping a portion of the mark.

Quantitative analysis of BSMs from Graunceanu followed the pro-
tocol presented in Pante et al.*°. 3D models were created directly from
molds using a S Neox 3D optical profilometer (manufactured in 2018)
located in the 3D imaging and analysis lab at Colorado State University.
All models were produced using a 5x lens that has a z axis resolution of
75 nm. The 5x lens has a numerical aperture of 0.15, a working distance
of 23.5 mm, a field of view of 3400 pm x 2837 pm, a spatial sampling of
2.76 pm, and an optical resolution of 0.93 um. The spatial resolution
exceeds that of the Nanovea ST400 white-light non-contact confocal
profilometer used in Pante et al.*° which sampled at 5 pm and 10 pm
respectively. However, the z-resolution of 40 nm is slightly higher on
the Nanovea profilometer. The scale of these resolution differences
does not significantly impact our analysis because they are orders of
magnitude smaller than the scale of the measured differences between
mark types. Further, these differences are smaller than the reported
variability in measurements taken from a single mark using the same
instrument (Pante et al.*°). Processing and analysis of 3D models was
carried out using Digital Surfs Mountains® following Pante et al.”’.
Processing included removing outliers, filling in missing data points,
and removing the underlying form of the bone with the mark excluded
from the form removal process (See Pante et al.®° for further detail).
Data collected through the analysis from the entire 3D model of the
BSM were volume, surface area, maximum depth, mean depth, max-
imum length, and maximum width. Additional data were collected from
a profile taken from the deepest point of the BSM including area of the
hole, depth of the profile, width, roughness (Ra), opening angle, and
radius of the hole.

Fossil data were then statistically compared with a sample of 898
BSMs of known origin, including: 405 cut marks from a variety of stone
tool types and raw materials®’; 275 tooth marks from crocodiles and
five species of mammalian carnivores®*; 130 trample marks produced
by cows on substrates including sand, gravel, and soil’’; and 88 per-
cussion marks from both anvils and hammerstones*. Surface area and
depth of the profile were excluded from the statistical analyses
because they are redundant with measurements of volume and max-
imum depth, respectively. All experimental data were transformed
using the Box-Cox method to normalize the distributions for each
variable and the same transformations were applied to the arche-
ological data. Fossil mark classifications were carried out using the
quadratic discriminant analysis function from the MASS package® in R
(version 4.4.1); this method was chosen over a linear discriminant
analysis because of unequal covariance matrices and sample sizes in
our dataset (following Friedman®®). The accuracy of the QDA model in
correctly classifying the experimental BSMs was determined to be
81.4% with 10-fold and 82% with leave-one-out cross-validations per-
formed in R*’ (version 4.4.1) (Supplementary Table 1). Sensitivity values
for true positivity, determined using JMP® statistical software (Version
17), range from 0.91-0.99 indicating the model is very successful at
classifying all four types of BSMs (see Supplementary Figs. 22, 23, and
24). Prior probabilities were set proportional to the occurrence of each
mark type in the dataset (see Supplementary Code 1).
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Final determination of cut marks. Any BSM suspected to be anthropic
in nature was analyzed both qualitatively and quantitatively. For the
qualitative analysis, we recorded the characteristics as described
above for linear marks (following'®). Molds of each mark were made
and quantitatively analyzed as described above by MP. For these,
results included a prior probability that each mark fell into a given
category. Some marks were only assessed qualitatively because they
were unable to be molded (or scans of the molds failed) or the molds
themselves did not pick up the marks in question.

All qualitative and quantitative data were then consolidated and
examined collectively by the research team and determinations made
regarding the anthropogenic nature of each mark. Linear marks were
placed into one of three categories based on their qualitative attributes
and results of the quantitative analyses: 1) high-confidence cut marks,
2) probable cut marks, and 3) an “unknown marks” group. High-
confidence cut marks were defined as those presenting most of the
qualitative characteristics of cut marks as defined by Dominguez-
Rodrigo et al.”” and most were categorized as cut marks in the quan-
titative analysis. Probable cut marks were those that presented multi-
ple qualitative characteristics indicative of cut marks but were less
consistently identified as cut marks in the quantitative analysis or were
not analyzed. Unknown marks are those that are not consistent with
other taphonomic agents (e.g., trampling, tooth marks) and presented
some qualitative characteristics of cut marks but did not include
enough characteristics for our team to confidently assign them as
anthropogenic in origin. When our qualitative and quantitative ana-
lyses returned conflicting results on the nature of the marks, the
qualitative analysis was given higher weight due to the holistic nature
of our analysis.

U-Pb dating methods. We specifically chose dental samples for U-Pb
analysis that would not be useful for other taxonomic assessments
(e.g., isolated or fragmentary teeth). Because evidence suggests that
the site of Graunceanu represents a single depositional event, sam-
pling of specimens from this site is essentially random in nature and
therefore results should be representative of the entire accumulation.
Samples for U-Pb dating were mounted in resin blocks, polished down
to reveal internal structures (Supplementary Fig. 25) and arranged in
the S155 large-format ablation cell of an Applied Spectra RESOlution-SE
ablation system based around an ATL Atlex 193 nm excimer laser. A
beam expander was employed for any laser spots above 200 microns.
This sample introduction system was coupled to a Nu Instruments
Attom-ES high resolution magnetic sector ICP-MS operating in
deflector jump mode. Analytical methods follow those outlined for
carbonate materials in Woodhead & Petrus®; details of instrumental
parameters are found in Supplementary Table 2.

Laser fluence was typically adjusted to ~2-3J cm-2, with a laser
repetition rate of 5 Hz. Spot sizes were highly variable in the range 20-
200 microns dependent upon sample U contents, which were also
highly variable. Tuning of laser gas flows and lenses aimed to achieve
maximum Pb counts, without taking *8U into attenuated mode (3
million cps). Low oxide levels (**Th0/%2Th < 0.3%) were preferred but
no effort was made to tune to Th/U -1 as is common practice in some
trace element studies. A brief pre-ablation using a larger spot size was
conducted prior to every analysis. Baseline measurement for 30 s was
followed by 40 s acquisition during each spot ablation.

Two different primary standards were employed. For most ana-
lyses we used a relatively homogeneous ‘in house’ apatite standard ‘BR-
13’ but for materials with low U content this was not always possible
without tripping the detector into attenuation mode for the calibration
standard; for such samples we calibrated using the McClure apatite®.
A variety of apatite secondary standards were employed in the course
of this study including Kovdor®, Durango®, and ‘401*. All produced
ages within 1% of reference values providing confidence in the accu-
racy of our methods.

Initial data reduction was performed using the VizualAge
UcomPbine data reduction scheme (DRS®*) for lolite, a popular ICPMS
data processing software package®® which is designed to allow the use
of heterogeneous reference materials (i.e. those with variable amounts
of common Pb such as McClure apatite but assumes no 2’Pb/**°Pb
fractionation). The time-resolved reference material data from a single
spot analysis exhibit shifts in 2%U/2°Pb-"Pb/2°°Pb isochron space
primarily from encountering variably common Pb and/or experiencing
downhole Pb/U fractionation. UcomPbine corrects each time slice of
background-subtracted data for the reference material based on its
known common and radiogenic Pb compositions using a 2>*Pb-, 2’Pb-,
or 2%8Pb-based approach (the 2’Pb based correction was used in this
study). Drift correction is carried out as usual in lolite by fitting a
function (in this case a smoothing spline) to the reference material
analyses that bracket unknowns.

B8U/2*U measurements were undertaken following the procedure
of Hellstrom® as modified by Drysdale et al.”’. Initially, relatively large
samples of 2-3 mg were drilled from six teeth which returned successful
U-Pb isochrons, using a tungsten carbide dental bit. These were dis-
solved in concentrated HNOs, dried down and re-dissolved in 1.0 ml of 5
% HNOs3 / 0.5 % HF, 0.01 ml aliquots of which were further diluted in the
same acid to 0.8 ml, spiked with a mixed *Th-**U->¢U tracer and
equilibrated on a hotplate overnight. These were introduced directly to a
Nu Instruments Plasma MC-ICP-MS and measured using a mass jumping
routine using mixed Faraday cups and secondary electron multipliers.
The procedure was repeated on a second aliquot of each sample, giving
inconsistent Z°Th/*8U ratios but good replication of Z*U/>%U.

An insoluble organic microparticulate Th-bearing fraction was
inferred to be present in the bulk solutions, invalidating >°Th/?8U
measurements on spiked aliquots of dissolved samples, so all teeth
were resampled using a 350 pm tungsten carbide microdrill to a depth
of 350 um giving samples of approximately 75 pg (equivalent to
~-10-100ng U). These were dissolved in concentrated HNO; and
refluxed overnight before addition of 5 drops of conc H,0, to oxidize
the inferred insoluble organic phase, with effervescence observed.
Samples were then dried down and redissolved in 0.8 ml of 5 % HNO5 /
0.5 % HF, spiked and equilibrated and analyzed as above.

Corrections for initial isotopic disequilibrium in 2*U/?U and final
isochron construction was performed using DQPB software®®, and the
robust isochron fitting technique described by Powell et al.®® and
Monte Carlo uncertainty propagation employing 50,000 iterations.

Stable isotope analysis. Enamel powder from the upper cheek teeth
series (P>-M°) of an Equus sp. specimen (VGr.0974) was sampled
sequentially along the growth layers using a dental drill, at a resolution of
1.5-2.5 mm, after removing the cementum. Stable isotopes of oxygen and
carbon in the structural carbonate of the third molar (M®) were analyzed
at the University of Arkansas Stable Isotope Laboratory, USA (UASIL),
while the premolars (P>-P*) and the remaining molars (M'-M? were
analyzed at the University of Northumbria, UK. Both laboratories use
Thermo Delta V Advantage isotope ratio mass spectrometers coupled to
GasBench Il sample preparation devices. Prior to analysis, samples were
treated with 1M acetic acid, rinsed with deionized water, and dried.

The Northumbria University stable isotope laboratory uses an
analysis method adapted from Spotl and Venneman®. 2000 + 20 ug of
sample were loaded into 12 mL borosilicate vials capped with butyl
rubber septa (LabcoTM), and flushed with helium for 480 s at 1.8 bar
on a bespoke flushing box supplied by Sercon Ltd. Carbon. Individual
measurement sequences (‘runs’) consisted of 80 measurements,
including standards, and all samples were reacted with 102 wt%
orthophosphoric acid at atemperature of 70 °C, with a reaction time of
104 min prior to measurement to ensure equilibration. For data eva-
luation, standards were measured at the beginning, end, and
approximately every 10 samples in each run. An in-house laboratory
calcite standard (Plessen) was used for linearity and drift correction
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(6C=2.40 %o, 60 =-1.31 %o, n=10 per run), alongside international
standards NBS18 and IAEA603 for stretching correction (each n >3 per
run). Nominal values from Kim et al.”® were used for NBS18 (§°C = -5.01
%o, 60 =-23.01 %0), while values stated by the IAEA were used for
IAEA603 (www.iaea.org; 6C = 2.46 %o, 6'°0 = —2.37 %o). One sample of
an in-house calcite standard (Pol2, §°C =-7.14 %o, 60 =-9.22 %) was
added to each run and used to evaluate long-term performance. Based
on this secondary standard, for the measurement period relevant to
the samples reported here, reproducibility is better than 0.1 %. for
both §°C and 6'0. All stable isotope data was initially reported on the
VPDB scale, but for climate calculations 60 values were transferred to
the VSMOW scale using the equation &6®Owsmow)=06"Owppp)y X
1.03092 +30.927°.

At UASIL, an international standard (NBS19) and an in-house stan-
dard (UASIL 22) were used for corrections, each in 8 aliquots analyzed
during the entire run. NBS19 standard values are §°C=1.95 %o VPDB,
680 =28.72 %o VSMOW, while UASIL 22 values are 6°C =-35.6 %o VPDB,
6%0=13.31 %o VSMOW. The standard deviation values for NBS19 and
UASIL 22 during the analysis of this set of samples were §°C-0.09%. and
6®0-0.17%o, and 6°C-0.08%o and 6°0-0.13%o, respectively.

Oxygen stable isotopes in the phosphate component of the enamel
of M® were analyzed at UASIL in six samples and reported on the
VSMOW scale. The phosphate was precipitated as Ag;PO, and analyzed
in a Thermo Delta V Advantage IRMS coupled to a TC-EA. Four standards
were measured along with this batch of samples: NIST 120c, USGS 80,
USGS 81, and an in-house Ag;PO, standard, with values of 21.93%.,
13.12%0, 34.78%o, and 6.57%. VSMOW respectively. Their within-run
standard deviation values were 0.60%o, 0.37%o, 0.54%o, and 0.29%o.

Average 60 values for each tooth were calculated considering
that summer season is defined by more data points than winter, thus
including all of them in the calculation of the average would skew the
result to higher values. To solve this issue, for each tooth we used the
same number of samples from summer as there were in winter. For
example, P> has 15 data points from two summer seasons while the
full winter season is clearly defined by only 7 points. We eliminated
from the calculation of the average the summer data points from
both ends of the series until we were left with 7 data points. By
contrast, P* winter is defined by four data points, whereas the sum-
mer is defined by only two, leading us to include only two winter
values in the calculation.

Using the available §®®0po4 and 6"*0caco3 values, we calculated the
relationship between them as 6'®0po4 = 6®0cacos X 0.96 - 8.06 (after
rejecting one data point as an outlier), similar to the equation of
lacumin et al.”* (6™®0po4 = 6*®¥0caco3 X 0.98 - 8.5). The shift between our
measured PO4-CO; samples is on average 8.9%, also similar to the
lacumin et al. value of 9.1%., indicating little to no diagenesis. We
therefore have high confidence that diagenetic changes are not
meaningfully influencing our results. Because the lacumin et al.
equation is based on a larger dataset, we used that equation to cal-
culate equivalent §'®0po4 values for the entire data series of 6®Ocacos
and further, we used the equations §®0pg4 = 6040 X 0.71+22.60 of
Huertas et al.”%, §%0po4 = 6'° 0400 X 0.9 +23 of Kohn and Cerling?*, and
6804120 = 6¥0po4x 1.11 - 26.44 of Amiot et al. > to calculate 60 values
of local meteoric water. Of these equations, only Amiot et al. incor-
porates error estimates; these errors are given as 6%°0,,=1.1128
(£0.0029) x 5®0po4 - 26.4414 (+0.0508). However, integrating those
uncertainties would affect only the second digit of the results, with no
discernible change in our interpretation.

While enamel 6°C values are generally shifted by 14.1+0.5%0
compared to plants’, we calculated the average annual plant value and
corrected it for the difference of 1.7%. between modern and Quaternary
atmospheric CO,”. The resulting plant tissue value was then used in the
equation of Kohn?, which allows for the calculation of the mean annual
precipitation amount (MAP): 6°C(%., VPDB) =-10.29 +1.90 x10* x alti-
tude (m) -5.61 x log;o(MAP +300, mm/year) - 0.0124 x latitude (°),

where the altitude of our site is 300 m and latitude is 45°. Kohn and
McKay™* estimate the uncertainties of this equation as being -50% for
MAP values higher than 500 mm/year, but never decreased below
120 mm/year. Although Kohn*’s equation is intended to calculate
annual precipitation values, we divide the results into 12 months in order
to calculate monthly values (as described in the SI). To our knowledge,
such use of this equation has not been validated before.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All data are available in the main text, supplementary discussion, and
supplementary data. Fossil materials are housed at the “Emil Racovitd”
Institute of Speleology (ISER) in Bucharest, Romania and the Museum
of Oltenia (MO) in Craiova, Romania; access to these collections can be
requested by contacting coauthors Petculescu (ISER) and/or Popescu
(MO). Source Data for Figs. 1, 3, 4, and 5 can be found in the Supple-
mentary Data files. Comparative data from the quantitative analysis of
the cut marks is available upon request to Michael Pante.

Code availability

All software and code used for data collection and analysis are outlined
in the methods section of the manuscript or provided in Supplemen-
tary Code 1.
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