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Previous geochronological and archaeological studies on the rock shelter Jarama VI suggested a late survival
of Neanderthals in central Iberia and the presence of lithic assemblages of Early Upper Paleolithic affinity.
New data on granulometry, mineralogical composition, geochemical fingerprints and micromorphology of
the sequence corroborate the previous notion that the archaeological units JVI.2.1 to JVI.2.3 are slackwater
deposits of superfloods, which did not experience significant post-depositional changes, whereas the
artifact-rich units JVI.3 and JVI.1 mainly received sediment inputs by sheetwash and cave spall. New AMS
radiocarbon measurements on three samples of cut-marked bone using the ultrafiltration technique yielded
ages close to, or beyond, the limit of radiocarbon dating at ca. 50 14C ka BP, and hence suggest much higher
antiquity than assumed previously. Furthermore, elevated temperature post-IR IRSL luminescence measure-
ments on K feldspars yielded burial ages for subunits JVI.2.2 and JVI.2.3 between 50 and 60 ka. Finally,
our reappraisal of the stone industry strongly suggests that the whole sequence is of Mousterian affinity.
In conclusion, Jarama VI most probably does not document a late survival of Neanderthals nor an Early
Upper Paleolithic occupation in central Iberia, but rather indicates an occupation breakdown after the
Middle Paleolithic.

© 2013 University of Washington. Published by Elsevier Inc. All rights reserved.

Introduction

Human occupation of the Iberian Peninsula during the late
Pleistocene is concentrated on the coastal strip and its hinterland,
whereas evidence for human presence in the interior is significantly
lower (Bicho et al., 2007). This pattern is particularly evident in the
Early Upper Paleolithic where the interior seems to be abandoned by
humans (Delibes de Castro and Díez Martín, 2006; Cacho et al., 2010;
Schmidt et al., 2012). In contrast, Neanderthals occupied central Iberia
in the Late Middle Paleolithic as demonstrated by Mousterian assem-
blages and Neanderthal fossils from, for example, Cueva de la Ermita,
Cueva Millán (Moure and García-Soto, 2000; Díez et al., 2008), Prado
Vargas (Navazo and Diéz, 2008), Peña Capón, Valdegoba (Díez et al.,
1988–89), and Jarama VI (Jordá Pardo, 2001).

Besides lithic assemblages of Middle Paleolithic character, the
presence of Neanderthals was postulated based on an undiagnostic
human fossil from Jarama VI (Lorenzo et al., 2012). The human meta-
tarsal fragment was embedded in fluvial sands and silts forming
the middle stratigraphic subunit of Jarama VI (JVI.2.2). This subunit
contained scattered archaeological remains (bones and lithics),
some concentrated around a small hearth. The underlying, archaeolog-
ically sterile subunit JVI.2.3 separates thesefinds from a richMousterian
assemblage and bones of micro- and macro-mammals excavated from
the gravelly deposit of unit JVI.3. Archaeological material was also
found in lutitic sands of subunit JVI.2.1. The uppermost unit, unit JVI.1,
contained artifacts that have been preliminarily attributed to the
Upper Paleolithic (Jordá Pardo, 2001).

The chronological frameworks of this and other Middle Paleolithic
sequences in central Iberia are still unreliable as few radiometric
ages are available. At Jarama VI, three conventional radiocarbon
measurements of charcoal, directly associated with human activity
(Zilhão, 2006) gave age estimates of 29.4–26.9 cal ka BP (Beta 56640),
44.1–29.8 cal cal BP (Beta 56639) and 42.6–34.5 cal ka BP (Beta 56638)
at 95.4% probability for the stratigraphic sequence of archaeological
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units JVI.1, JVI2.1 (hearth feature) and JVI.2.2, respectively (Table 1).
These radiocarbon dates suggest a late survival of Neanderthals in central
Iberia, at a time when anatomically modern humans were already
present in northern Iberia (Zilhão, 2006; Maroto et al., 2012).

The timing of Neanderthal disappearance in Iberia and a possible
coexistence with modern humans are matters of dispute. A late sur-
vival of Neanderthals in southern Iberia has been inferred from
young radiocarbon ages related to Mousterian layers at, for example,
Gorham's cave, Gruta de Oliveira and Boquete de Zafarraya (Hublin et
al., 1995; Finlayson et al., 2006; Zilhão, 2006) and was related to the
presence of glacial refugia in the South (Finlayson and Carríon,
2007; Jennings et al., 2011). Schmidt et al. (2012) have demonstrated
that AMS radiocarbon dates from Late Middle and Early Upper
Paleolithic layers are scattered (cf. Higham et al., 2012). This scat-
ter is most likely related to contamination or poor preservation of
radiocarbon samples (Higham et al., 2009; Maroto et al., 2012;
Wood et al., in press), but stratigraphic problems and difficulties
in associating the sample with human activity have undoubtedly
played a role in some cases (Zilhão, 2006). Therefore, it appears
possible that the prolonged survival of Neanderthals in southern
Iberia is not real but is related to problematic dates.

Jarama VI may play an important role for investigating a possible
late survival of Neanderthals in central Iberia and the cultural transi-
tion towards the Upper Paleolithic. Based on new geoarchaeological
research, we re-evaluated the geological and cultural sequences of
Jarama VI. Here we provide detailed descriptions of the rock shelter
deposits including new sedimentological, geochemical, mineralogical
and micromorphological results and present a reappraisal of the lithic
inventory. Finally, we present a revised chronological framework for
Jarama VI based on new AMS radiocarbon and luminescence dates
Table 2. These data shed new light on the hypotheses of a prolonged
survival of Neanderthals in central Iberia.

Geographical setting and sediment sequence

The Upper JaramaValley is located at themunicipality of Valdesotos,
on the northwestern edge of the Guadalajara province (Spain) (Fig. 1).
This area is on the southern slope of the eastern part of the Central
Range. It belongs to a region limited to the north by the Spanish Central
Range (Somosierra and Sierra de Ayllón) and to the south by the tabular
reliefs of theMadrid Tertiary Basin. In this area the Upper Jarama Valley
cuts and runs through a narrow strip of dolomites, dolomitic limestones
and limestones (Santonian, Upper Cretaceous) tilted towards the
southwest (ITGE, 1990) and affected by a strong karstification.
Discordant above the Cretaceous carbonate rocks appear detrital
deposits of the Neogene made by alluvial fans generated in an early
stage before the location and downcutting of the Jarama River during
the Pleistocene. The karstic system is spanned by Jarama River, creat-
ing a karstic canyon with many caves and rock shelters in the cliffs of
both banks, which are the proof of the different stages of the karstic
development and the downcutting of the river. Some of these caves

have Pleistocene and Holocene stratigraphic records (Jordá Pardo,
1993).

The modern climate of the area is Meditarranean (Csb according
to Koeppen, Atlas Climático Ibérico, sino ano) with a comparatively
short dry season in the summer (Muñoz Muñoz et al., 1989). Mean
annual temperature is around 12.5°C, and mean annual precipitation
amounts to ~700 to 900 mm, while both parameters change consider-
ably with altitude in the mountainous area (Atlas Climático Ibérico,
sino ano; Muñoz Muñoz et al., 1989). Little information is available on
paleoclimatic conditions during marine oxygen isotope stage (MIS) 3,
because terrestrial archives covering this period are scarce in central
Iberia (cf. González-Sampériz et al., 2010; Moreno et al., 2012).

Sediment cores retrieved from the Villarquemado paleolake
(40°30′N, 1°18′W, 987 m asl, Moreno et al., 2012) and the Fuentillejo
maar (38°56′N, 4°3′W, 635 m asl, Vegas et al., 2010), located about
180 and 230 km to the ESE and SSW, respectively, of Jarama VI pro-
vide evidence for the occurrence of millennial-scale climatic changes
in central Iberia. Based on lithological facies, magnetic susceptibility
and geochemical proxies, sediment unit IV of the Villarquemado se-
quence accumulated in the distal part of an alluvial fan or in an ephem-
eral lake, reflecting dry climatic conditions during the lower half of MIS
3 (Moreno et al., 2012). After deposition of this most arid part of the
whole sequence, sediment units III and II accumulated during the
upper part ofMIS 3. The sediment facies represent alterations of shallow
carbonatic lake and clastic lake paleo-environments, the latter with flu-
vial influence, which were interpreted as reflecting millennial-scale
fluctuations between moist and more arid climates. Lithological,
geochemical, palynological (Vegas et al., 2010) and additional bio-
marker records (Ortiz et al., 2013) of the Fuentillejo core also reflect
paleo-environmental changes with pulses of dry and cold climatic
conditions, which were correlated with Heinrich events. Although
age models for both sequences rely on few radiocarbon dates, only,
and correlation with individual events of climate change is not very
reliable, it appears to be very likely that millennial-scale climate
change, well-documented in marine cores off Iberia (cf. Moreno
et al., 2012 for further references), are also recorded in terrestrial
archives of central Iberia.

The rock shelter Jarama VI is located about 23 m above the present
water level of Jarama River, 822 m above sea level. Several remnants
of fluvial terraces are preserved in the valley, the uppermost being
located about 9 mbelow the opening of the shelter. Detailed descriptions

Table 1

Results of radiocarbon dates for the Paleolithic sequence at Jarama VI. Radiocarbon dates have been calibrated against IntCal09 (Reimer et al., 2009) in OxCal v.4 (Bronk Ramsey,
2009). To obtain a reliable date, collagen should comprise N1% of the dry bone weight, and have a δ13C of ca. −20‰, C:N ratio of 2.9–3.4 and %C of ca. 44% (van Klinken, 1999) and
charcoal should be rich in C (Rebollo et al., 2011).

Lab code Unit Square Material 14C-age 14C
std

cal BP
(95.4% probability range)

Collagen yield (%) δ13C C:N %C Reference

Beta-56640 JVI.1 H-4 Charcoal 23,380 500 29,370–26,920 – – – Low Jordá Pardo, 2007
OxA 21714 JVI.1 D-3 Cut-marked pelvis fragment.

Indeterminate species
N50,200 – – 1.4 −19.3 3.4 46.9 Wood et al., in press

Beta-56638 JVI.2.1 D-4 Charcoal (hearth feature) 29,500 2700 44,090–29,830a Low Jordá Pardo, 2007
Beta-56639 JVI.2.2 F-4 charcoal 32,600 1860 42,580–34,450 Low Jordá Pardo, 2007
OxA-X-2310-22 JVI.2.2 E-4 Cut-marked tibia/humerus.

Indeterminate species
49,400 3 700 0.5 −18.2 3.2 43.2 Wood et al., in press

OxA-X-2290-56 JVI.3 D-4 Cut-marked diaphyseal fragment N47,000 0.7 −18.8 3.3 45.3 Wood et al., in press

a Date may extend beyond the calibration curve.

Table 2

Summary of lithic assemblages in the different archaeological levels of Jarama VI.

JVI.1 JVI.2 JVI.3 Total

Hammer 47 179 178 404
Chopper – – 1 1
Cores 32 21 95 148
Retouched flakes 24 23 84 131
Flakes 220 119 810 1149
Total 323 343 1168 1833
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of the sedimentary fill of the shelter were presented by Jordá Pardo
(2001, 2007) and are summarized briefly below.

The lowermost stratigraphic unit JVI.4 consists of carbonated
white sands, 10–15 cm thick, which are a product of the dolomitic
substratum weathering. The unit does not contain any archaeological
materials or faunal remains. The overlying unit JVI.3, 5–60 cm thick,
contains well-rounded shale gravels, shale and quartzite stones and
abundant angular dolomitic boulders in a matrix of gray, brown
and red-brown clayey sand (Fig. 2, North profile). The gravel and
well-rounded boulders originate from the river, whereas angular
and subangular dolomites were provided by roof fall probably linked
to cryoclastic processes and later reworked by the river. The unit

contains Mousterian lithic industry, as well as the bones of large
herbivores (Bos/Bison sp., Rupicapra rupicapra, Cervus elaphus, Equus
caballus and Rhinocerotidae indet.) and micromammals (Microtus sp.,
Rodentia indet.; Adán Alvarez et al., 1995).

Unit JVI.2, 10–160 cm thick, consists of laminated and homoge-
nous beds of silty sands and sands showing many features of fluvial
deposition such as parallel or crossed lamination and stream ripples.
The lower part of this unit (Unit JVI.2.3) is archaeologically sterile.
In the north profile (Fig. 2), located near the cave entrance, it can be
subdivided into four layers separated by erosional disconformities
and paraconformities indicating at least four cycles of fluvial deposi-
tion and erosion. Interbedding with gray medium sands reflects

Figure 1. A, Location map of Jarama VI. B, Geological context of the Jarama VI rock shelter in the geologic map scale 1:50.000 (I.T.G.E., 1990). Legend: A: Concordant contact;
B: Discordant contact; C: Fault; D: Sincline; Ordovician: 1, Black shales; Triassicc: 2, Sandstones and lutites; Upper Cretaceous: 3, Sands and lutites (Cenomanian), 4, Marls
(Turonian), 5, Dolomites, limestones and marls (Coniacian), 6, Dolomites, dolomitic limestones and limestones (Santonian), 7, Marly dolomites and dolomitic marls (Campanian),
8, Dolomitic calcareous breccia (Campanian–Maastrichtian); Upper Cretaceous–Paleocene: 9, Red lutites, gypsum and conglomerates; Upper Miocene–Pliocene: 10, Conglomerates
and lutites; Lower Pleistocene: 11, Pebbles, gravels, sands and clays; middle Pleistocene: 12, Pebbles, gravels, sands and clays; Holocene: 13, Alluvial deposits. B, C and D, Photos of
the Jarama canyon and the Jarama VI rock shelter.
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deposition under high velocities of flow, but these layers readily
disappear towards the interior, where unit JVI.2.3 thins (Fig. 2). The
intermediate part (unit JVI.2.2) contained scattered archaeological
finds, bone remains and a hearth feature. Farther inside the rock shel-
ter, the uppermost unit JVI.2.1 contained numerous Mousterian lithic
artifacts. The faunal remains are represented by large herbivores
(R. rupicapra, C. elaphus), micromammals (Pliomys cf. lenki, Microtus
arvalis-agrestis group, Apodemus sp., cf. Oryctolagus cuniculus and
Rodentia indet), birds (Alectoris rufa, Pica pica and Pyrrhocorax graculus),
amphibious (Pelobates cultripes) and Pisces indet. (Adán Alvarez et al.,
1995). The sandy facies of unit JVI.2 arefluvial depositswith overflowing
facies that, according to Jordá Pardo (2001, 2007), were deposited
during a superflood.

Unit JVI.1 consists of reddish sands and clays with angular au-
tochthonous dolomite fragments. Its lower limit is erosive. The dolo-
mite derived from the cave ceiling by cryoclastic processes indicating
a cold and dry environment and fine materials have been washed in.
This unit contains a rich assemblage of lithic artifacts, previously
attributed to the Early Upper Paleolithic (Jordá Pardo, 2001, 2007),
as well as bone remains of large herbivores (Bos/Bison sp., R. rupicapra,
C. elaphus, E. caballus, Rhinocerontidae indet. and Canidae indet.),
micromammals (Soricidae indet., M. arvalis-agrestis group, Allocricetus
bursae, Sciurus vulgaris, cf. O. Cuniculus and Rodentia indet.), birds
(A. Rufa, Coturnix coturnix, Columba livia/oenas, Bubo bubo, Falco sp.,
P. pica, Pyrrocorax, P. graculus, Corvus corone and Corvidae indet.),
reptiles (Lacerta lepida), and amphibious (Bufo bufo; Adán Alvarez
et al., 1995). Furthermore, a Homo sp. tooth was recovered from
sediments collapsed from unit JVI.1 between two consecutive exca-
vation seasons.

In the interior of the cave, dolomite breccia and stalagmitic crust
(unit 0) capped the stratigraphic sequence. The crust probably formed
after a change towards warm and slightly moist climatic conditions.

Sedimentology, geochemistry, mineralogy and micromorphology

Sampling and methods

The North profile of Jarama VI and squares E to I of the West pro-
file were described in the field and representative samples were
taken from archaeological units JVI.2.2, and JVI.2.3 for granulometric
and geochemical analyses. Two samples from unit JVI.1 were taken
from the Northwest profile in squares F-5/E-5 and from the East
profile in square J8. From the latter, a remnant of unit JVI.2.1 was
sampled. Most of unit JVI.3 was omitted due to high contents of
gravels and boulders. The sampling locations are indicated in Figure 2.

The sediment sampleswere dry-sieved. All determinationsdiscussed
below were conducted on the fine fraction (b2 mm in diameter). The
granulometrical composition of the fine fraction (b2 mm in diameter)
was determined using a Beckman Coulter LS 13320 after dispersion of
samples with 0.1 M Na4P2O7·2 H2O and end-over-end shaking for
12 h. Granulometric characteristicswere evaluated using theGradistatv6
spread sheet (Blott and Pye, 2001). The major- and trace-element com-
positions were determined on ground samples using X-ray fluorescence
(Spectro Xepos) at the Institute of Physical Geography of RWTH Aachen
University.

Fourteen samples were taken from archaeological units JVI.1, JVI.2
and JVI.3 for mineralogical analyses at the Laboratory of Geology of
the Museo Nacional de Ciencias Naturales of Madrid. One sample
from unit JV.3 was taken from the North profile in square I-4. Six sam-
ples from unit JVI.2 were taken from the North profile in squares I-4,
three from the North profile and one from the East profile in square
J8. Two samples from units JVI.1 were taken from the East profile
in square J8 and one was taken from the northwest profile in
squares F-5/E-5. The mineralogical composition of the mud fraction
(b0.063 mm in diameter) was determined by XRD and all samples
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Figure 2. Sketch of West and North profiles (A and C, with orthophoto) with locations of sampling, and excavation map (B).
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were analyzed following the dust method for the identification and
quantification of the predominant mineral phases (REF?). The analysis
was carried out using a Philips PW 1830 X-Ray diffractometer with Cu
cathode and a wavelength of Kα = 1.54051, scanning from 3° to 65°
2θ and digital recording Philips PW 1710. The equipment control and
the diffractogram profiles studies weremanagedwith the Spanish soft-
ware XPowder (ver. 2004.04). This program provides a fast qualitative
and quantitative identification of samples (Martín-Ramos, 2004).

In order to investigate the microstructure of the deposits, four soil
monoliths were extracted from representative parts of units JVI.1,
JVI.2.2 and JVI.2.3. The monolith from unit JVI.2.2 includes small red
lenses of silty to clayey sediment, which may represent burned soil
preserved in the vicinity of the hearth exposed during excavation.
All monoliths were impregnated with artificial resin, hardened and
cut into 1-cm plates (see Beckmann, 1997 for experimental details).
Thin sections, 6 cmwide, 8 cm high and ~30 μm thick, were prepared
by Th. Beckmann (Schwülper-Lagesbüttel, Germany). The thin sec-
tions were described according to Stoops (2003).

Grain-size distributions, geochemical fingerprints and mineralogy

Considering the whole sediment (coarse and fine fraction), unit
JVI.1 is made up of fine gravelly very coarse silty fine sand and corre-
sponds to the textural group of gravelly muddy sands, very poorly
sorted, with bimodal grain-size distribution. Subunit JVI.2.1 is com-
posed of very fine sandy very coarse silt included within the textural
group of sandy mud, with bimodal distribution and poorly sorted.
Subunit JVI.2.2 belongs to the textural group of slightly gravelly
sandy mud (slightly very fine gravelly very fine sandy very coarse
silt) with unimodal distribution and poorly sorted. Subunit 2.3 be-
longs to the textural group slightly gravelly muddy sand (slightly
medium gravelly very coarse silty fine sand) with unimodal distribu-
tion and poorly sorted. Unit JVI.3 is composed of very coarse silty
sandy medium gravel and corresponds to the textural group muddy
sandy gravel, with bimodal grain-size distribution and very poorly
sorted.

Concerning the fine fraction, sand is the dominant grain-size frac-
tion in all samples, whereas silt + clay (mud) amount to a maximum
of 43% in sample S9 from unit JVI.1 (Supplementary Table 1). Most
samples have unimodal grain-size distributions (Fig. 3) except of
samples S1 (unit JVI.2.2) and S9 (unit JVI.1) showing polymodal and
sample S3 (unit JVI.2.2) bimodal distributions. The samples S1 and S9
are very poorly sorted showing large D10/D90 ratios (Supplementary
Table 1). Except of S6 from unit JVI.2.3, all other samples are slightly
better sorted. In respect to modal grain size and shape of frequency
curves, there is a close similarity of samples S2, S3, S4 (all from unit
JVI.2.2) and S7 (from unit JVI.2.3) with comparatively fine grain sizes
on the one hand, and the considerably coarser samples S5, S6, S8, S11
(all from unit JVI.2.3) and S10 (from unit JVI.2.1) on the other hand.
Most frequency curves are slightly negatively skewed and leptokurtic.
The negative skew may be related to elongated mica grains, which,
depending on grain orientation during measurement, will be recorded
as either sand-sized or silt-sized grains. Sample S11 classifies as pure
sand, whereas the other samples belong to the texture class of silty
sand. Overall, the granulometric properties of most samples show
typical granulometric compositions of fluvial sands and silts, whereas
the polymodal grain-size curves of samples S1 and S9 from units
JVI.2.2 and JVI.1 suggest a polygenetic origin involving fluvial and grav-
itational deposits.

The major elements Ca, Mg, S and P indicate distinct differences
in the geochemical composition of the samples S1, S9 and S10 taken
from unit JVI.2.2, JVI.1 and JVI.2.1 (group 1, Supplementary Table 2),
in comparison to the remaining samples which derived from units
JVI.2.2 and JVI.2.3 (group 2, Fig. 4). The Ca and Mg contents are
highest in samples S1 and S9 and, probably, result from the presence
of primary and secondary calcite. Sample S10 (unit JVI.2.1) has a

lower Ca and Mg content, but still higher than in most samples
from group 2. Sample S6 (unit JVI.2.3), however, shows much higher
Ca contents than the other samples of group 2. Sulfur was found in
low concentrations in samples of group 1 only. Interestingly, samples
from this group also have higher P contents, probably related to accu-
mulation of organic matter. In group 2, the Si and Zr contents show a
rather close relationship to the median grain size (m), which is posi-
tive between Si andm and negative for Zr andm (Fig. 4B). Sample S11
has the coarsest grain-size distribution and shows the lowest con-
tents of Mg, P, K, Ti, and of most minor elements detected.

Overall, the geochemical composition suggests a grouping accord-
ing to the origin and location of the samples. Those of group 1 are a
mixture of allochthonous and autochthonous materials including
dolomitic limestone and river-transported shale, quartz and mica.
Group 2 encompasses samples from the allochthonous fluvial deposit.
The sample S10 takes an intermediate role between the two groups,
which also holds for sample S6 in respect to an elevated Ca, content
probably related to the presence of secondary calcite.

The mineralogy of the fine fraction of the entire sequence is mark-
edly siliceous with three phases that can be clearly differentiated
(Fig. 5; Supplementary Table 3). The lower unit (JVI.3) is character-
ized by a considerable presence of dolomite (21.8%), accompanied
by abundant quartz, feldspars, kaolinite and muscovite/illite. The mid-
dle unit (JVI.2) is strongly siliceous with abundant quartz, feldspars,
kaolinite and muscovite/illite, with clinochlorite in the reddish silt
lense of subunit JVI.2.3. In the upper unit (JVI.1) reappears dolomite
(20.6%) accompanied by quartz, muscovite/illite, kaolinite, feldspars
and clinochlorite. The mineralogy of the fine fraction of the sediments
is comparable with that of the zone and is mainly composed of
tectosilicates, phylosilicates and clays originated from the siliceous
bedrock (quartzites, shales and schists of the Paleozoic) located
upstream from the cavity and transported by the stream of Jarama
River. The lower and upper units contain autochthonous-sourced
dolomite related with cryoclastic processes.

Figure 3. Grain-size distributions of samples S1 to S11.
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Micromorphology

The thin section JAR-M1 from unit JVI.1 shows a poorly sorted
mixture of spherical or elongated rock fragments consisting of dolo-
mite, shale and quartzite embedded in a groundmass of and silt grains
of quartz, carbonates and very few feldspar and mica (Figs. 6A and B).
The dolomite fragments are angular to subangular, while the shale
and quartzite fragments show high degree of rounding. In the upper
left corner of the section, a strongly fractured limestone fragment is
present (Fig. 7A). The longitudinal axes of the elongated shale frag-
ments are often steeply inclined. The porosity is moderately high.
Simple packing voids and chitonic to chito-gefuric microstructures

are dominant. Locally, abundant vughs are found along with vughy
microstructure. Peds are poorly developed. The fine material (b5 μm
in diameter) is light yellowish brown and has a dotted appearance
reflecting a mixture of fine silt and clay particles. The most prominent
pedofeatures are silt cappings and coatings, which cover rock frag-
ments (Figs. 7B and C) and larger mineral grains. The cappings are
found on all faces of elongated grains reflecting tilting of the grains
after formation of cappings. In some of these coatings, a weakly de-
veloped granostriated b-fabric can be observed. Further pedofeatures
are rare coatings, incomplete infillings and pendents of micrite.

The thin section shows a detrital sediment containing both frost-
shattered dolomite debris from the cave wall and allochtonous

Figure 4. Geochemical fingerprints of cave deposits from units JVI.1 (S1 and S9) and JVI.2.1 (S10) as well as from the fluvial deposits of units JVI.2.2 and JV.2.3 (other samples). The
linear relationship between Si/Ti and K/Zr reflects the effect of median grain size, which shows close correlations with Si (r = 0.610**, 0.046%, n = 11) and Zr (r = −0.818, 0.002%,
n = 11).
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Figure 5. Mineralogical composition of the mud fraction (b0.063 mm).
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well-rounded elongated shale fragments, most probably originat-
ing from the Jarama River bed. Indications of fluvial accumulation
such as bedding, horizontal alignment of elongated grains or lami-
nation are not found. Tilting of elongated grains and occasional silt
cappings hint to frequent frost action (cf. Van Vliet Lanoë, 2010)
withmixing of the original deposit. Initial development of soil structure
and weak carbonate metabolism indicate weak pedogenic alteration of
unit JVI.1.

The other thin sections display microlaminated or homogenous
well-sorted sands and silty sands mainly consisting of quartz and
mica. The long axes of mica grains are often parallel aligned and
horizontally to sub-horizontally oriented (Figs. 7D and E). Rock frag-
ments are very rare. The pore space is dominated by simple packing
voids and a monic microstructure and c/f related distribution is devel-
oped. In thin sections JAR-M3 and JAR-M4 vesicles with a preferred

orientation pattern parallel to laminations are common (Figs. 6C
and D). These vesicles have probably been formed by entrapped air
during rapid deposition of suspended particles.

Reddish-brown lenses of medium silt to clay (Figs. 6C and 7F) are
present in thin sections JAR-M 2 and JAR-M 3. The lenses are charac-
terized by compound layering, moderate degree of compaction and
frequent shrinkage planes. Locally, microcrusts of sparitic calcite can
be found. The clay-rich fine material shows a weakly developed
stipple-speckled b-fabric. Fire impact is not apparent. The lenses are
interpreted as rip-up clasts of fluvial deposits accumulated under
low-energy flow. In thin section JAR-M3 a sharp erosional contact
(Fig. 6C) is visible, which delineates the interface between archaeo-
logical units JVI.2.2 and 2.3.

Few animal burrows (Figs. 6D and 7G), passage features or root
channels are found, indicating limited bioturbation of the fluvial

Figure 6. Flatbed scans of thin sections JAR-M1 (A), -M3 (C) and -M4 (D). Note the vertically oriented long axes of grains in A (archaeological unit JVI.1), the brown rip-up clast in
the lower left of C and the erosional contact between units JVI.2.2 and JVI.2.3 (solid line in C) as well as the gradual transition between two layers within unit JVI.2.3 (dashed line in
D). The original size of the thin sections is 6 cm × 8 cm.
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Figure 7. Micrographs from thin sections of Jarama VI. A: Fractured limestone (¿dolomite?) within unit JVI.1 (thin section JAR-M 1, plain polarized light (PPL), frame width
is ~5 mm). B: Elongated, well-rounded shale fragments with silt and clay cappings. Note the vertical orientation of the fragments and of the capping (JAR-M 1, PPL, frame
width is ~5 mm). C: Silt and clay capping and coatings on rock fragments and mineral grains (JAR-M 1, PPL; frame width ~1.25 mm). D: Silt and clay lenses (unit JVI.2.2)
with compound layering in sandy groundmass of JAR-M 2 (partially crossed polarizers (XPLp), pore space is gray, frame width is ~5 mm). These lenses are interpreted as
rip-up clasts. E: Banded fabric of groundmass with sub-horizontally aligned elongated mineral grains (JAR-M 2, PPL; frame width ~0.625 mm). F: Same as E, under partially
crossed polarizers (XPLp; frame width ~ 0.625 mm). G: Contact between the subunits 4.2 and 4.3 of JAR-M 4. The upper subunit has a finer texture and is more densely
packed than the lower one. Note the horizontal orientation of mineral grains in both units. In the upper left two root channels with coatings and hypocoatings of micritic
calcite and few calcite infillings are visible (PPL; frame width ~5 mm). H: Animal burrow partially filled with coarse mineral grains and rock fragments (JAR-M 3, PPL, frame
width is ~5 mm).
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deposits. Instead, the horizontal orientation is often perfectly pre-
served, also in textural intercalations within macroscopically homog-
enous sands. Pedofeatures are very rare. Locally, very few calcite
coatings and infillings are found, for example at a layer interface
within JAR-M4 (Fig. 7H).

Overall, the thin sections from archaeological units JVI.2.2 and 2.3
exhibit well-sorted and commonly microlaminated fluvial sediments
with very weak signs of mechanical disturbance and pedogenic
alteration.

Radiometric and dosimetric dating

Radiocarbon dating

The results of the three conventional radiocarbon dates (Jordá
Pardo, 2001, 2007; Table 1)were described above. The sample locations
are projected to the West profile of Figure 2. As reported by Beta
Analytic (Florida, USA), each charcoal sample was first boiled/washed
free of adhering mineral matter and carefully examined/picked for
any intrusive rootlet contamination. The charcoal was then lightly
crushed and washed in dilute hot acid and alkali solutions to remove
carbonate and humic acid contamination, before being rinsed in hot
distilled water, dried, and converted to benzene to enable conventional
radiocarbon measurement. The laboratory noted that the carbon con-
tent of the samples was low. Not only did this make measurement
difficult (the counting time needed to be quadrupled), but also it sug-
gests that the charcoal was poorly preserved and a large proportion of
the samples may have been sediment rather than charcoal. Low-carbon
charcoals are often found to produce problematic dates, as the sedi-
ment component may contain carbon of a different age to the charcoal
(Rebollo et al., 2011)

A second series of radiocarbon measurements were conducted on
anthropogenically modified bones held in the Universidad de Burgos
(Wood et al., in press). Thirty cut-marked bones were selected for %N
screening (Brock et al., 2010a, 2012). This technique provides an indi-
cation of whether sufficient collagen remains within a bone to enable
a radiocarbon date to be produced. Preservation was poor, but using
this technique the three bones most likely to contain collagen were
selected for dating (JVI.1 (OxA 21714), JVI.2.2 (OxA-X-2310-22) and
JVI.3 (OxA-X-2290-56)). The sample locations are projected onto
the section drawings in Figure 2 and results of all radiocarbon dates
summarized in Table 1.

Radiocarbon dating followed the methods described in Brock et al.
(2010b) and Bronk Ramsey et al. (2004). Bones were treated with the
ultrafiltration protocol, involving a series of HCl and NaOH washes
to remove carbonates and humic acids, gelatinization to take the
collagen fraction into solution, filtration with a 60–90 μm Eeze™ filter
to remove large insoluble contaminants and ultrafiltration with
Vivaspin™ 15 30 kDa MWCO ultrafilter. The purified collagen was
combusted in an elemental analyser (e.g., ANCA-GSL) coupled to an
isotope ratio-mass spectrometer (e.g., Sercon 20–20) where carbon
and nitrogen abundance and stable isotope ratios were measured.
The remaining CO2 was collected cryogenically, converted to graphite
over an iron catalyst, and measured in an AMS (Bronk Ramsey et al.,
2004). A bone specific pretreatment correction has been subtracted
(Wood et al., 2010).

Collagenwas extracted fromall three bones, but only one (Ox-21714)
containedmore than the 1% collagen that van Klinken (1999) suggests is
required to produce a reliable radiocarbon date. However, all samples
had carbon and nitrogen abundances and stable isotope ratios typical
of collagen (van Klinken, 1999), suggesting that they are not severely
contaminated. Two samples produced radiocarbon dates that are indis-
tinguishable from the laboratory background, and have been ascribed
“infinite” dates. The third sample, OxA-X-2310-22, produced a finite
date of 49,400 ± 3700 14C yr BP. Radiocarbon dates become indistin-
guishable from background when their error exceeds 4000 yr. As this

sample is so close to background and has a collagen yield of b1%, it
should be regarded as a minimum age estimate and most likely falls
beyond the limit of radiocarbon dating.

Luminescence dating

In order to provide a geochronological framework for Jarama VI
and to cross-check radiocarbon dating, five samples were extracted
from units JVI.2.2 and JVI.2.3 using metal tubes. The samples were
dated by luminescence techniques at the laboratory of the Institute
of Geography in Cologne. Optically stimulated luminescence (OSL)
dates the last exposure of mineral grains to daylight (Huntley et al.,
1985). For luminescence dating two parameters have to be determined:
the equivalent dose (De, Gy), which is the amount of ionizing radiation
the sample absorbed during burial, and the dose rate (D0, Gy ka−1), the
amount of energy per unit time released through the decay of naturally
occurring radionuclides within and in the surrounding of mineral
grains. Several dating protocols are routinely applied on quartz and
feldspar tomeasure the De. Partial bleaching of the luminescence signal
can result in age overestimation because of insufficiently long or inten-
sive sunlight exposure in fluvial settings, (Olley et al., 1999). Reducing
the number of grains simultaneously measured on a sample disk
(aliquot; Duller, 2008) or single-grain techniques (Duller et al., 1999;
Olley et al., 1999) help to identify fully bleached grains associated
with the true depositional age.

Due to their stable signal and better bleachability when compared
to feldspar, most studies use quartz for age determination in fluvial
settings (Wallinga et al., 2001). However when quartz is not suitable
for dating, e.g. the signal is saturated, ages can still be obtained by in-
frared stimulated luminescence (IRSL) on feldspar, if present in the
sample. Potassium-rich feldspars have the advantages of bright lumi-
nescence signals and a higher saturation dose allowing for extending
the potential dating range. However the optical signal of feldspar is
reported to be less light sensitive, i.e. it is harder to bleach (e.g.,
Godfrey-Smith et al., 1988; Lowick et al., 2012). The greatest disad-
vantage of feldspar is a phenomenon referred to as anomalous fading
(Wintle, 1973), which is thought to be the result of quantummechan-
ical tunneling (Visocekas, 1979) that leads to a loss of signal over
time. In order to overcome a resulting age underestimation, several
approaches have been proposed to correct for the observed fading
(e.g., Huntley and Lamothe, 2001; Kars et al., 2008) or by measuring
elevated temperature feldspar signals, which are less prone to fading
(Buylaert et al., 2009, 2012; Thiel et al., 2011).

All preparation procedures for the determination of the equivalent
dose were carried out under subdued red illumination, following
standard procedures (Wintle, 1997). By sieving and chemical treat-
ment the purified quartz and K-rich feldspars in the grain-size range
of 100–150 μm were extracted for dating. Estimation of the external
dose rate was conducted using a high-resolution gamma-ray spec-
trometer with a high purity germanium detector. The cosmic ray
dose rates were calculated according to Prescott and Hutton (1994),
taking into consideration the altitude and geomagnetic latitude of
the sampling site and the thickness, density and water content of
the overlying sediments. Additionally the attenuation of cosmic-rays
in the overlying rock was accounted for and a correction for the geo-
metric shielding by the rock shelter was incorporated using the equa-
tions given by Dunne et al. (1999). Measured present-day water
contents varied between 0.3 and 2.0% (Supplementary Table 4).
These values probably underestimate the annual mean water con-
tent because sampling was conducted after the hot and dry summer
season. Considering the weak intensity of weathering of the sedi-
ment, it is, however, not likely that water contents had been much
higher in the past. We therefore estimated amean annual water con-
tent of 5.0%. All dose rate data are summarized in Supplementary
Table 4.
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Measurements of the equivalent dose followed standard single-
aliquot regenerative-dose (SAR) procedures for quartz (Murray and
Wintle, 2000, 2003; Wintle and Murray, 2006) and feldspar (Wallinga
et al., 2000). Considering the depositional context of the sediments
this protocol was first applied to quartz due to its better signal
bleachability. However, quartz signals were found to be in or close
to saturation for all samples (i.e., N2·D0, Wintle and Murray, 2006;
Supplementary Fig. 1), probably because of the high average envi-
ronmental dose rate of 3.8 Gy ka−1. Thus no quartz OSL ages could
be obtained. Therefore the infrared stimulated luminescence (IRSL)
of potassium-rich feldspars was measured, which saturates at higher
doses compared to quartz. In addition, we adopted modified elevated
temperature post-IR IRSL (pIRIR) protocols from Buylaert et al. (2009;
pIRIR225) and Thiel et al. (2011; pIRIR290) (Supplementary Table 5) to
minimize a probable signal underestimation induced by fading.

The bleachability of both pIRIR signals was tested by measuring
residual doses after increasing exposure time to UV light in a Hönle
SOL2 solar simulator and sunlight. In both cases the pIRIR225 signal
yielded lower residual doses and thus bleaches faster than the
pIRIR290 signal (Supplementary Fig. 2). The applicability of the pIRIR
protocols to the samples investigated in this study was further tested
by dose recovery tests. While the pIRIR225 protocol was able to success-
fully recover the given laboratory dose of 374 Gy (measured/given dose
ratio 0.98 ± 0.02 and 0.99 ± 0.02), the pIRIR290 protocol could not
recover the given dose within 10% from unity (1.25 ± 0.27 and
1.20 ± 0.04) (Supplementary Fig. 3).

Considering the results of bleaching and dose recovery tests, the
pIRIR225 protocol was found to be the more appropriate approach
for De measurements of the samples under study here. Between 14
and 16 individual equivalent doses were determined for each of the
five samples. Despite the pIRIR290 protocol not being able to success-
fully recover a laboratory dose and its higher residual doses, 11 indi-
vidual equivalent doses were determined for sample JAR-3 using this
protocol. This was done in order to validate the assumption that there
will be a considerable difference in De and hence in calculated ages
between pIRIR290 and pIRIR225 protocols. The relative spread in equiva-
lent doses after takingmeasurement uncertainties into account, termed
overdispersion (OD), varies between 8 and 10% for all samples except
JAR-3. The latter has higher OD values of 17% and 13% for the pIRIR225

and pIRIR290 protocol, respectively. Additionally, for sample JAR-2 and
JAR-3 equivalent doses were determined using the conventional
IRSL50 dating protocol measuring the feldspar signal at 50 °C. As
expected due to a likely occurrence of fading, the obtained equivalent
doses were considerably lower than those obtained by pIRIR225 or
pIRIR290. In order to correct for the loss of signal over time, fading
tests were conducted. Mean g-values of 3.0 ± 0.9 (JAR-2, n = 11)
and 3.9 ± 0.9 (JAR-3, n = 11) were calculated using the equations
given by Huntley and Lamothe (2001). No fading corrections were
applied to pIRIR signals, as measured fading rates of these signals have
been argued as potential laboratory artifacts (Thomsen et al., 2008;
Buylaert et al., 2009, 2012; Thiel et al., 2011).

Equivalent doses for age calculation were determined using the
central age model (Galbraith et al., 1999) and the age model after
Fuchs and Lang (2001) for the pIRIR225 De distribution of sample
JAR-3. For a complete summary of results on equivalent dose and
dose rate determination see Table 3. The calculated luminescence
ages for all samples and protocols are shown in Figure 8 and expanded
upon in the Discussion section below.

Re-evaluation of the archaeological sequence

As mentioned previously, the Jarama VI lithic assemblage has been
tentatively attributed to the Middle Paleolithic (units JV.2 and JV.3),
and Early Upper Paleolithic (unit JVI.1) (Jordá Pardo, 2001). A recent
study and reassessment of this material, summarized below, concludes

that all three units show technological characteristics that may be
attributed to the Middle Paleolithic.

Raw material

The raw material acquisition strategy is nearly identical on all
three levels. Quartz is the most frequently used material, followed
by quartzite, both of autochthonous origin. Their possible source
areas have been located in the immediate environs of the site.

The case of flint is different. It composes just 7% of the assemblage,
in contrast to quartz (62%), and has a minority presence on all levels
(9% on unit JVI.1; 4% on unit JVI.2 and 7% on unit JVI.3). Its exact origin
is still unknown, but it is definitely allochthonous as there is no natu-
rally occurring flint within 10 km of the site. Other materials such as
rock crystal, slate, dolomite and others complete the spectrum.

The studied assemblage consists of 1833 items, 323 of which are
from unit JVI.1, 342 from unit JVI.2 and 1168 from unit JVI.3. These
totals do not include fragments. A remarkably large percentage of
cobbles was found on all three levels (see Table). Detailed analysis
of these cobbles has found very few with percussion marks or evi-
dence of having been part of the lithic tool production sequence.
They were almost certainly brought into the cave by men, given
that there is no other possible explanation for their presence at
this site.

Unit JVI.1
Forty-seven of the 323 analyzed items from unit JVI.1 were quartz,

quartzite and fibrolite. Twenty-two of them (5 quartzite, 2 fibrolite
and 15 quartz), were used for percussion.

The cores include 31 quartz and one quartzite item. Eight of the
quartz cores are fractured, while the others include eleven bifacials,
eleven unifacials, and multifacials. The most frequent system is cen-
tripetal, followed by items with orthogonal negatives and unifacials.
The quartzite core is centripetal bifacial. These items generally have
a cortex on one face, and initial or moderate exploitation (none are
exhausted). One was tested and discarded due to its poor material
quality, and another (Carbonell et al., 1999) shows evidence of heavy
recurrent unifacial work. The lithic reduction system on unit JVI.1 can
be described as non-specific and opportunistic.

Among the 220 blank flakes, 65% are quartz, 21% quartzite, 9%
flint and 5% rock crystal. Most butts are non-cortical, platform and
unifaceted, and 32% are cortical with non-faceted butts. 20% of the
dorsal surfaces have a cortex. Several flakes are débordante, in some
cases Levallois. Some flakes are from discoidal exploitation systems,
and three flint flakes are burnt.

Seven of the 24 formal tools are fractured. They have similar
technical characteristics to the flakes, the majority unifaceted with a
non-cortical platform and non-cortical dorsal surfaces. With unifacial
retouches and a generally simple angle, the types include ten dentic-
ulates, seven notches, a side scraper, a double-side scraper (Fig. 9, 1),
an end scraper (Fig. 9, 2), three flakes with simple retouch and a
partially retouched item (Fig. 9, 3).

The lithic production system as well as the collection of tools
contradicts the attribution to an Early Upper Paleolithic as proposed
by Jordá Pardo (2001). The lithic assemblage for JVI.1 reflects a clear
Middle Paleolithic association, as does the lower two units JVI.2 and
JVI.3.

Unit JVI.2
An assemblage of 343 items was recovered on the upper levels of

this unit, including 179 cobbles, of which 24 quartz and quartzite
items bear percussion marks and evidence of use. Twenty-one of the
cores are quartz and quartzite, and one is flint.

The 21 cores discovered in unit JVI.2 give a clear picture of the
applied lithic reduction system. As in unit JVI.1 mostly unspecific
and opportunistic reduced flake cores are dominant (17 cores). Only
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3 cores prove the existence of a surface-oriented conception, which
corresponds with the Levallois recurrent centripetal method (Fig. 10,
14–16). The realization of the applied method is very simple and
makes use mostly of given configurations of the used pebbles: natural
surfaces on the lower surface and crude preparation of the striking
platform or simple secondary use of negatives from lower-surface
preparation.

The majority (77%) of the 119 flakes are quartz. Almost 50% have
cortical and non-cortical butts, which can also be seen on the dorsal
surfaces and the cores, suggesting that the blanks were not prepared
prior to their exploitation.

The butt surfaces are platform in 90% of cases, and almost 50% are
unifaceted. We have detected siret fractures, discoidal flakes, a few
Kombawa, many debordante and plunging flakes. The quartzite
items are slightly larger than the quartz, although all have micro
and small formats (Bagolini). The two chert flakes are Levallois.

There are eleven formal tools in quartz, one in quartzite, ten in
chert and a single one in rock crystal. The sample comprising 22
formal tools is composed of nine side scrapers (Fig. 10, 4–11), three

convergent side scrapers (Fig. 10, 1–3), one notched piece (Fig. 10,
12), one burin (Fig. 10, 13), one bec, three denticulates, two points
(including one pseudo-Levallois point), one quartz notched on blade
and one retouched flake. Together, they reflect a typical late Middle
Paleolithic association. Some of the formal tools in chert are on
Levallois flakes and one is burnt.

Unit JVI.3
The lowest archaeological unit has yielded the richest collection.

We have retrieved 1168 lithic tools, including 178 cobbles in different
materials, of which scarcely 30 were used.

Under the lithic remains, 95 cores and 21 formal tools were
detected. In contrast to the upper levels the lithic production system
in unit JVI.3 is quite diverse. Beside the omnipresent unspecific and
opportunistic reduced flake cores (63), the discoidal method with
(6) and without flat base (5) and different methods following the
surface conception—Levallois preferential unidirectional (2), Levallois
recurrent unidirectional (4) and centripetal (14)—are present
(Fig. 11, 22–24; Fig. 11, 25–26; Fig. 12, 4–5; Fig. 12, 1–3; Fig. 11,
16–21). Additionally a single core was reduced corresponding to
the Le Pucheuil-type method (Fig. 12, 6). It is important to note
that natural pebble surfaces as well as flake lower surfaces are inte-
grated in every core reduction strategy, either Levallois or not. This
underlines the economic use of local pebbles and the integration of
given convexities in the construction of the cores.

There are 810 flakes, many of which are from discoidal cores. 25%
of the butts are from cortical flakes, primarily platform and uni- and
bi-faceted, and 82% of the dorsal surfaces are non-cortical. No cortical
butts have been found among the flint flakes. More of this material
was used than in the case of quartz or quartzite, suggesting that the
blanks were prepared prior to their exploitation.

As with unit JVI.2, denticulated quartz flakes and chert side scrapers
predominate the assemblage of 84 formal tools, which include several
types of side scraper (Fig. 11, 1–7), including lateral and convergent side
scrapers (Fig. 11, 11–15), and three double side scraper (Fig. 11, 8–10).

Discussion

New radiometric dating of the site, new stratigraphic data and
the re-evaluation of the lithic inventory shed new light on human

Table 3

Dose rate data, equivalent doses and IRSL ages for five samples from Jarama VI.

Unit Laboratory
CODE

Sample Minerala Protocol Number of aliquots
accepted/measuredb

Age modelc Overdispersion
OD (%)d

Equivalent
dose De

(Gy)e,f

Cosmic ray
dose rate
(Gy ka−1)g

Total dose
rate D0

(Gy ka−1)h

g2 days

(%/decade)
Luminescence
age (ka)i

JVI.2.2 C-L3140 JAR-1 FS pIRIR225 16/16 CAM 8.0 ± 0.5 243 ± 13 0.089 ± 0.018 4.63 ± 0.50 – 52.5 ± 4.9
JVI.2.2 C-L3004 JAR-3 FS pIRIR225 15/16 F/L 16.5 ± 1.3 250 ± 24 0.097 ± 0.019 4.45 ± 0.64 – 58.8 ± 6.8

pIRIR290 11/11 CAM 13.0 ± 1.1 371 ± 25 0.097 ± 0.019 4.25 ± 0.49 – 87.4 ± 8.2
IRSL50 16/16 CAM 9.1 ± 0.5 165 ± 9 0.097 ± 0.019 3.05 ± 0.43 3.9 ± 0.9 38.8 ± 3.3

53.9.7 ± 6.9
JVI.2.3 C-L3141 JAR-2 FS pIRIR225 15/15 CAM 9.8 ± 0.6 215 ± 12 0.080 ± 0.016 4.06 ± 0.46 – 53.0 ± 5.2

IRSL50 15/15 CAM 7.2 ± 0.4 150 ± 8 0.080 ± 0.016 3.21 ± 0.46 3.0 ± 0.9 36.9 ± 3.5
46.6 ± 5.9

JVI.2.3 C-L3005 JAR-4 FS pIRIR225 14/14 CAM 9.7 ± 0.6 196 ± 11 0.090 ± 0.018 3.35 ± 0.34 – 58.6 ± 5.1
JVI.2.3 C-L3006 JAR-5 FS pIRIR225 14/14 CAM 10.2 ± 0.7 226 ± 13 0.060 ± 0.012 3.94. ± 0.41 – 57.2 ± 4.9

a FS = feldspar. For all samples the 100–150 μm grain-size fraction was used.
b Aliquots were rejected if a) the test dose signal was less than three times the instrumental background, b) the recycling ratio of signals induced by duplicate regenerative

doses was less than 0.9 or above 1.1 (Murray and Wintle, 2000), c) the recuperation rate was greater than 5% of the natural signal (Aitken and Smith 1988), and d) the
sensitivity-corrected natural signal was above 2·Do, so that no reliable De estimate could be obtained.

c CAM = central age model, F/L = model after Fuchs and Lang (2001).
d The overdispersion was calculated using the central age model.
e For all samples and protocols, recycling ratios are within 10% of unity (1.02 ± 0.03 in average) and recuperation rates remained below 3% of the natural signal.
f For the pIRIR225 and pIRIR290 protocol residual doses of 2.79 Gy and 18.11 Gy respectively were subtracted from the equivalent dose used for age calculation.
g The cosmic ray dose ratewas calculated using the equations given by Prescott andHutton (1994), with additional consideration of cosmic ray attenuation in the rock shelter roof and

a correction for the configuration of the cave (Dunne et al., 1999). To account for any uncertainties associated with cosmic dose rate calculation an error of 20% was implemented.
h When calculating the total dose rate a long term average water content of 5 ± 3% was assumed for all samples. For feldspar samples an a-value of 0.07 ± 0.02 (Preusser et al.,

2005) was used to account for external α-dose rate and a K concentration of 12.5 ± 0.5% (Huntley and Baril, 1997) was assumed.
i Luminescence ages in italics are non fading-corrected IRSL50 ages.

Figure 8. Summary of IRSL ages for all samples, and for all protocols. Residual doses
were subtracted (Table 3) and a systematic error of 5% associated with the beta source
calibration was taken into account before age calculation. The error bars represent
1-sigma errors.
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occupation of Jarama VI (central Iberia) and provide important infor-
mation on the purported late survival of Neanderthals in the region.

Processes of sediment accumulation and alteration

The accumulation of rock shelter deposits at Jarama VI took place in
five main depositional phases. During a first phase, fragments of the
dolomite roof were deposited simultaneously to human occupation;
during the second phase, these autochthonous fragments located in

the external part of the rock shelter were reworked and mixed with
sands and gravel of the Jarama River. A rich artifact assemblage in-
dicates intensive use of the cave by Neanderthals (unit JVI.3).

The third phase during accumulation of units J.VI.2.3 to 2.1 started
with partial erosion of the underlying sediments followed by deposi-
tion of fluvial fines with very low gravitational input of dolomitic
limestone blocks from the cave wall. The granulometric composition
and cuneiform sediment package suggest that fluvial accumulation
occurred during exceptional high flood events, when runoff spilled
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Figure 9. Unit JVI.1: Formal tools on flakes: double side scraper (1), end scraper (2), and partial retouched piece (3) (gray shading = retouch).
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Figure 10. Unit JVI.2: Formal tools on flakes: convergent side scraper (1–3), side scraper (4–11), notched piece (12) and burin (13). Core configuration: recurrent centripetal
(surface conception) (14–16) and unretouched bladelet (17). The unretouched bladelet (17) is documented to prevent a confusion in classification because the object looks
like a Châtelperron point (gray shading = retouch).
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Figure 11. Unit JVI.3: Formal tools on flake: side scraper (1–7), double-side scraper (8–10), convergent side scraper (11–15). Core configuration — recurrent centripetal (surface
conception) (16–21), bifacial (volume conception) (22–24) and recurrent centripetal (volume conception) (25–26) (gray shading = retouch).
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over the bedrock sill at the entrance of the cave. Entering the rock
shelter, runoff velocity decreased leading to deposition of compara-
tively fine sediments ranging from silty very fine sands to medium
sands. The sediments are preserved, since theywere probably protected
from later floods by the bedrock sill or blocks collapsed near the cave
entrance. The sediment properties and the hydraulic and geomorpho-
logical conditions suggest that unit JVI.2 consists of slackwater flood
deposits, which typically accumulate well above the mean water table
at protected niches of the valley slopes or of gorges and canyons during
exceptional floods (e.g., Thorndycraft and Benito, 2006; Woodward
et al., 2001). These deposits are also reported from the catchments
of Jarama and Tagus rivers (Alonso and Garzón, 1996; Benito et al.,
2003). Radiometric dating of slackwater deposits in Central Spain,
however, has focused on Holocene sequences so far (cf. Thorndycraft
and Benito, 2006).

Near the entrance of the rock shelter, several phases of deposition
and erosion were identified in unit VI 2.3. The comparatively sharp ero-
sional contacts between units JVI.2.3 and 2.2 and the occasional occu-
pancy by humans during accumulation of JVI.2.2 and 2.1 suggest that
deposition occurred during several high flood events. The preservation
of the hearth feature in JVI.2.2 indicates comparatively low energy of
flow in the interior part of the cave. The duration of sedimentary
hiatuses in between depositional periods is difficult to assess. We ex-
pect that hiatuses were short, because homogenization andmechanical
disturbance of sediment layers by bioturbation and pedogenic alter-
ation are very limited. Also, pedogenic alteration and weathering of
the sediments is very weak.

The contact between unit JVI.1 and JVI.2 is well marked by the
lithological difference between the two units. The contact consists
of a paraconformity and represents a short stratigraphical diastema
that preceded the onset of the fourth depositional phase. Unit JVI.1

is composed of a mixture of autochthonous and allochthonous
sediments: common dolomite spall originates from the cave wall,
whereas fine gravel and sands were emplaced by low-energy processes
like sheetwash. On the upper surface of JVI.2, marks or impressions
left by well-rounded allochthonous pebbles and cobbles are detected.
Those coarse components were probably brought into the shelter by
humans during the sedimentation of unit JVI.1 (Jordá Pardo, 2007).
Frost features are common, indicating that the sediment was more
strongly affected by moisture and temperature changes than the un-
derlying deposits. These changes contributed to increased intensity
of weathering and pedogenic alteration.

The last depositional phase yielded chemical precipitates of the
stalagmitic crust in unit JVI.0, which sealed the sequence in the inte-
rior part of the cave. It cemented angular dolomite debris from the
cave wall, accumulated on the surface of unit JVI.1 over an unknown
period of time.

Chronological framework

Recent re-dating of sites on the Iberian Peninsula has put into ques-
tion the reliability of young radiocarbon dates from Middle Paleolithic
context (e.g., Zilhão et al., 2011) and the prolonged survival of Neander-
thals (Wood et al., in press). Recent improvements in the pretreatment
of radiocarbon samples (Bird et al., 1999; Higham, 2011) mean Nean-
derthal occupations dated with the routine ABA protocol often increase
in agewhen redated using new techniques such as ABOx-SC of charcoal
or ultrafiltration of bone collagen (Higham, 2011). Given the new dates
from Jarama VI on collagen extracted with an ultrafiltration protocol,
the previous radiocarbon dates on charcoal pretreatedwith anABA pro-
tocol (Beta-56639, Beta-56638 and Beta-56640) must be rejected. The
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Figure 12. Unit JVI.3: Core configuration: recurrent unidirectional (surface conception) (1–3), preferential unidirectional (surface conception) (4–5), and Le Pucheuil-type unidirectional
(volume conception) (6).
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new ultrafiltration dates suggest that the entire sequence is likely to fall
beyond the limit of the radiocarbon method at ca. 50 14C ka BP.

Samples taken from unit JVI.2.2 were dated to 52.5 ± 4.9 ka (JAR-1,
C-L3140) and 58.8 ± 6.8 ka (JAR-3, C-L3004) by the pIRIR225 protocol.
The observed overdispersion in De values of JAR-3 (C-L3004;
Supplementary Table 4) being perceptibly larger than in all other sam-
ples and the De distribution indicate poor re-setting of the IRSL signals
during transport. Post-depositional mixing of sediments causing the
spread in Des can be ruled out as there is no clear sedimentological ev-
idence. For JAR-3 (C-L3004) the application of the model of Fuchs and
Lang (2001) seems to be a reliable method to identify fully bleached
grains associatedwith the true depositional age. This assumption is sup-
ported by the fact that both JAR-1 (C-L3140) and JAR-3 (C-L3004) are
from the same stratigraphic unit and hence should yield comparable
age estimates. Further evidence is provided by the fading-corrected
IRSL50 age of 53.9 ± 6.9 ka for JAR-3 (C-L3004), which is in good agree-
ment with both the pIRIR225-ages of the same sample and JAR-1
(C-L3140). The pIRIR290-age of 87.4 ± 8.2 ka for JAR-3 (C-L3004) is
most likely overestimated, since the pIRIR290 signal suffers from large
residual doses (Supplementary Fig. 2) and the protocol is not able
to successfully recover an artificial laboratory dose (Supplementary
Fig. 3). Samples taken from unit JVI.2.3 yielded pIRIR225-ages of
53.0 ± 5.2 ka (JAR-2, C-L3141), 58.6 ± 5.1 ka (JAR-4, C-L3005)
and 57.2 ± 4.9 ka (JAR-5, C-L3006). The fading-corrected IRSL50
age of 46.6 ± 5.9 ka for sample JAR-2 (C-L3141) seems to under-
estimate the true depositional age. However a homogeneity test
(see Galbraith, 2003; Galbraith and Roberts, 2012) provides evidence
that all age estimates of unit JVI.2.3 are consistent (P = 0.42) with a
common value. We therefore propose a weighted mean pIRIR225-age
of 56.3 ± 2.9 ka for unit JVI.2.3 (P = 0.73).

The new radiocarbon and luminescence age estimates suggest that
the whole sequence is older than previously thought (Jordá Pardo,
2001, 2007).

Cultural attribution

Consistent differences in the way the rawmaterial was handled have
been found on all three levels: tiny and exhausted cores, products with-
out cortex and retouched flakes with resharpening edges in the case of
flint. Quartzite and quartz were not used in the same way, as the cores
seem to have been left in an initial state of exploitation, without prior re-
duction, due to the local availability of this raw material and flakes and
formal tools with cortex on butts and dorsal surfaces. It should be
noted that the quantitative difference between the assemblages on the
three levels is due to the different size of the areas dug on each one, al-
though the intensity of visits to the caves may not have been constant.

The present technological analysis confirms the observation that
the lithic assemblages found on the three levels at Jarama VI corre-
spond to the Middle Paleolithic. The exploitation systems and the
types of products, both retouched and non-retouched, along with the
standard Neanderthal morphotypes (denticulates and sidescrapers on
flakes) all correspond to this period.

Expeditive strategies of flake production and denticulate, notch
and scraper configuration have been found on units JVI.1 and JVI.2,
while unit JVI.3 contains more elaborated production sequences,
although the former characteristics are also present.

During the late Pleistocene, Neanderthal groups may have
inhabited several caves and open air sites in the Jarama Valley,
which in the case of the Jarama VI rock shelter clearly seem to be a
technological continuum that ended in the first half of MIS 3. After
the abandonment of the site by Neanderthals no reoccupation in
the late Pleistocene is evident. Scattered surface finds from later
prehistoric context indicate ephemeral occupation events only.
This setting supports the idea of a chronological hiatus between the
last Neanderthals and the first modern humans in central Iberia
(Schmidt et al., 2012).

Conclusions

New granulometric, mineralogic and micromorphological data cor-
roborate the previous hypothesis that the central part of the sequence
at Jarama VI (unit JVI.2) accumulated as slackwater deposits during sev-
eral superfloods. In contrast to this unit of allochthonous sediments,
units JVI.3 and JVI.1 contain larger amounts of autochthonous dolomite
and manuports from outside the cave.

The cultural sequence and chronological framework of Jarama VI
needed to be revised. The lithic inventory of unit JVI.1, previously at-
tributed to the Early Upper Paleolithic, has a clear Mousterian affinity;
hence the cave does not record the transition from Middle to Upper
Paleolithic in central Iberia. New radiocarbon and luminescence dat-
ing of the sequence shows that the main occupation at Jarama VI doc-
umented in units JVI.2 and JVI.3 ended before about 50 ka. Jarama VI
does not provide evidence for a late survival of Neanderthals in cen-
tral Iberia. However, due to its rich archaeological material Jarama
VI is a key site in the area for the study of the Middle Paleolithic. In
addition, the fluvial sequence of the site provides highly interesting
objects for the study of slackwater deposits in the Jarama River valley.

Supplementary data to this article can be found online at http://
dx.doi.org/10.1016/j.yqres.2013.06.010.
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