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1 | INTRODUCTION

Aleix Eixea® |

Valentin Villaverde®

Abstract

The Abrigo de la Quebrada is a Middle Palaeolithic rockshelter located in the Rambla de
Ahillas in the Iberian Range (Valencia, Spain). Archaeological work began in 2007 and
was completed in 2015, reaching the rockshelter substratum and uncovering a record
that spans from MIS 5 to MIS 4/3. The data from the geoarchaeological and
micromorphological study of the site allow us to deduce that it was formed by alluvial
contributions from the ephemeral stream, in different subenvironments varying
from channel/bar to floodplain facies. These alternate with debris from different
displacement processes depending on the unit, such as solifluction-gelifluction, mass
displacement, and diffuse runoff. In addition, collapse episodes of the overhanging
rockshelter roof influenced the pedological evolution of the record, with implications
for the archaeological levels, especially in Unit G (Level IV). From a paleoenvironmental
point of view, a more contrasted variability is reflected in the upper units of the site
(MIS 4/3), especially in Unit G (Level IV), which, based on data, suggests temperate
conditions, and in Unit H (Levels Il and Il) indicate cold conditions. In contrast, the
lower units (MIS 5) are generally temperate, with the exception of Unit C (Level Vllla),

which reflects a colder phase.
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The central Iberian Mediterranean region is an area rich in
Middle Palaeolithic sites that are unevenly distributed throughout

The Abrigo de la Quebrada site is located at the contact between the
central region in Mediterranean Iberia, near the coast, and the Iberian
Range, a medium-altitude mountain range (ca. 1000-2000 m amsl) in
the interior of the Iberian Peninsula. Both areas contain Neanderthal
occupations (Figure 1a) ranging from MIS 9-8 to MIS 3 (Eixea,
Chacédn, et al., 2020; Mazo & Alcolea, 2020).

the territory but tend to be concentrated in the south of the
province of Valencia and the north of the province of Alicante.
They are linked to different natural corridors: in the north, the
Baix Maestrat and the Millars; in the center, the Turia, Magro, and
Canal de Navarrés corridors; and in the south, the Vall d'Albaida,
Vinalopd, and Vega Baja corridors (Eixea, Chacén, et al., 2020).

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium,

provided the original work is properly cited.
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FIGURE 1 Geographical situation. (a) Location of the Middle Palaeolithic sites mentioned in the text. In the white dashed circle, Central
Iberian Mediterranean sites: 1. Cova del Bolomor (Valencia); 2. Cova Beneito (Alicante); 3. Cova Negra (Valencia); 4. Abric del Pastor (Alicante);
5. El Salt (Alicante); 6. Rambla de los Morenos (Valencia); 7. San Luis (Valencia); and 8. Abric del Barranc del Carcalin (Valencia). In the red dashed
circle, Iberian Range sites: 9. Gran Dolina (Burgos); 10. Pefa Miel (Logroiio); 11. Los Toros (Teruel); 12. Las Callejuelas (Teruel); and 13. Cuesta de
la Bajada (Teruel). The Abrigo de la Quebrada site is marked with a white dot (b). Location of the Abrigo de la Quebrada (Chelva, Valencia).
(c) View of the site (marked with a black arrow) from the Rambla de Ahillas. Drip zones can be observed on the rockshelter wall.

It is in the latter corridor where most of the sites are concentrated,
among which the Cova del Bolomor (Fernandez-Peris, 2007), Cova
Beneito (Doménech, 2005), Cova Negra (Eixea, Oltra, et al., 2020),
Abric del Pastor (Connolly et al., 2019), and El Salt (Galvan
et al.,, 2014) stand out for their archaeological records. In the
central zone, which is the area of interest in our study, there are
records such as Rambla de los Morenos, San Luis, and Abric del
Barranc del Carcalin (Eixea, Chacén, et al., 2020; Ferndndez-Peris &
Martinez-Valle, 1989), although these sites are not as large as the
previous sites mentioned.

In the Iberian Range, archaeological sites located in caves and
rockshelters are also numerous and are distributed in two sectors
(Mazo & Alcolea, 2020): the northwest, Arlanza basin, in which we
highlight some sites such as Gran Dolina (Carbonell et al., 2014) and
Pefia Miel (Rios-Garaizar & Eixea, 2021; Utrilla et al., 1987), and the
southeast, upper Turia basin, the area of interest to us, where the
sites of Los Toros (Utrilla & Alvarez, 1985), Las Callejuelas (Domingo
et al., 2017), and Cuesta de la Bajada (Santonja et al., 2014), among

others, are located.

The site of the Abrigo de la Quebrada, located in the Turia river
corridor, specifically in the Rambla de Ahillas (Figure 1b,c), is an
important enclave for information on the Neanderthal populations in
this area since it is chronostratigraphically included in MIS 5 and
possibly reaches MIS 3 (Carrién-Marco et al., 2019; Eixea, Chacon,
et al., 2020; Real et al, 2020). It also has a geogenic and
anthropogenic sedimentary record at the base of the rockshelter
resting directly on limestone bedrock.

The record offered by the Abrigo de la Quebrada within the
regional context is especially important because there are few sites
analyzed from a geoarchaeological point of view in alluvial deposits
such as the ephemeral streams corresponding to the Middle
Palaeolithic, except for the records located in the Altiplano de
Yecla in Murcia, Spain (Lépez-Campuzano & Conesa, 2008; Lopez-
Campuzano, et al., 2007). These deposits, in general, represent a
rare type of record due to the erosive action of the ephemeral
streams characterized by steep slopes and a changing morphology.
Furthermore, their torrential and sporadic nature does not favor

the preservation of lateral deposits and leads to difficulties in
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the geomorphological and paleoclimatic interpretation of the site. Our
work focuses on analyzing the Abrigo de la Quebrada site from a
geoarchaeological point of view, mainly through micromorphological

analysis. The specific objectives of our research are to

1. Analyze the variability of the depositional and postdepositional
processes involved in the Abrigo de la Quebrada record in detail
and clarify the geogenic evolutive history.

2. Distinguish the type of anthropogenic activity recognized in the
sedimentary record of the site and resolve if it has been impacted
by both depositional and postdepositional geogenic processes. In
the latter case, we aim to determine how these processes may
have interfered with the preservation of both occupations and
archaeological remains.

3. Deduce the paleoenvironmental conditions of the record and its
surroundings to better understand the interaction between
Neanderthal communities and the environment that they inhab-
ited, and to compare the episodes from MIS 5 with those
established during MIS 4/3.

Our geoarchaeological research at the Abrigo de la Quebrada
contributes the knowledge of the Middle Palaeolithic occupations in
the southeast of the Iberian Range at the beginning of the Late
Pleistocene.

2 | THE SITE
2.1 | Location and geological context

The Abrigo de la Quebrada (39°48'25''N, 01°00'49"'W) is located in
Chelva, 69 km northwest of Valencia (see Figure 1b) and 728 m a.s.l.
(Badal et al., 2012; Carrién-Marco et al., 2019). Discovered in 2004,
and although a test pit was used to evaluate the possibilities of the
site, it was not until 2007 that systematic archaeological excavation
began (Eixea et al., 2011). This work finished in 2015 after reaching
the bedrock of the rockshelter.

The current dimensions of the rockshelter are 38 m wide and
between 2 and 9 m deep from the dripline to the back wall, which
would have originally extended 11m. The surface is slightly
uneven, with a slight slope in a N-S direction, front to back.
Erosional processes on the talus outside the dripline explain the
truncation of the record, which would have affected the upper
levels of the site. The excavated area was 30 m? for the upper
levels and about 27 m? for the lower levels, with a total thickness
of 4m (Real et al., 2020).

The site is located in the last foothills of the Javalambre mountain
range in the Iberian Range (see Figure 1b). The outcropping
formations are mainly Middle/Upper Jurassic pisolitic-oolitic lime-
stones and Kimmeridgian micritic limestones, where they alternate in
an environment of Lower Jurassic clayey limestones and marls with
siltstones and intercalations of Lower Cretaceous Barremian sand-
stones (Assens et al., 1973; Villaverde et al., 2008).

The Abrigo de la Quebrada is located on the left bank of Rambla
de Ahillas, around 8-10m above the current river bed. This
ephemeral stream, which descends from the Sierra de Javalambre
(Pérez-Cueva, 1985), runs through mountainous and steep relief,
forming a canyon. In the final stretch, it flows into a plain together
with other ephemeral streams, and these feed the river Tuéjar-
Chelva, a tributary of the river Turia. At present, Ahillas is an episodic
flood channel, and its water supply is mainly rainwater. Its
topographic course generally runs from north to south, although in
the study area, it runs from southeast to northwest.

The modeling of this area of Rambla de Ahillas forms a narrow
corridor with an irregular longitudinal profile. Its slopes were formed
by steep drops between the tabular limestone strata that shaped the
relief of the site, exposing numerous rockshelters (Figure 2a). These
are preferentially located in the limestone stratification planes, areas
of weakness that favor erosion, as well as by processes of mechanical
alteration and dissolution that generated inlets along the limestone in
this sector, as is the case of Abrigo de la Quebrada itself. At the foot
of the slopes there are mainly boulders and occasional debris.

Thirty meters from the site in a NW direction on the left bank of
the ephemeral stream, there are 20-50 cm of alluvial deposits formed
by subrounded gravels of mainly micritic limestone with almost no
fine-matrix (Figure 2b). Longitudinally furrowed potholes are located
in the bedrock and silty-clayey fillings are retained in some sectors.
Vegetation colonizing some sectors of the channel (see Figure 2a) is
consistent with a river system that alternates flash floods with long
periods of water inactivity (Mateo et al., 1988).

The NW orientation of the rockshelter means that direct sunlight
is scarce, which is also a consequence of the narrowness of the ravine
with its canyon-like characteristics and the steepness of its slopes.
Significant drip zones can be observed on the walls of the rockshelter
(see Figure 1c), and in some zones, there is an incipient formation of
carbonate concretions.

The stratigraphic and sedimentary record of Abrigo de la Quebrada
has been obtained mainly from the archaeological profiles shown in
Figure 3a,b. The description of the lithostratigraphic units, from bottom
to top, is presented in Table 1 and Figure 3c. Some features of the field
description of units C, D, and E are reflected in Figures 4 and 5.

2.2 | Archaeological assemblage

The Abrigo de la Quebrada comprises nine archaeological levels.
Human presence corresponding to the Middle Palaeolithic is
recorded in throughout the site, except Levels | and VI. Level |
corresponds mostly to the use of the rockshelter as a stable in
historical times and will not be dealt with in this article. For Level VI,
two optically stimulated luminescence dates on the feldspar fraction
are 80,000 + 4700 a and 83,200 + 5400 a (Carrion-Marco et al., 2019;
Real et al., 2020).

From an archaeological point of view, the levels ranging from
Il to V contain the most evidence of occupation and have several

radiocarbon dates. Levels I|lI-V were dated by radiocarbon
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FIGURE 2 Views of the Rambla de Ahillas. (a) General view of the canyon, showing the formation of rockshelters (black arrow), as well as the
colonization of vegetation in some parts of the river bed. (b) Fluvial sedimentary sequence of the Rambla de Ahillas near Quebrada showing

rounded to subrounded gravels (G), overlain by an increase in sand (S).

accelerator mass spectrometry: Il at 40,500 + 530 14C a B.P. and
IV at 43,930+750 14C a B.P. (Real et al., 2020; Villaverde
et al., 2008), although Levels Ill and IV were also dated by
acid-base oxidation, giving results >50,800 14C a B.P. and
>51,600 14C a B.P. (Eixea et al., 2011-2012) and V >47,100
14C a B.P. (Real et al.,, 2020). The lithic industry includes
discoid and centripetal Levallois technologies, and the tools are
simple sidescrapers and Mousterian points. The abundance of
cortical fragments, cores, and flakes of different sizes suggests
that the knapping was carried out in situ (Carrion-Marco
et al., 2019). Flint, mainly local, was used as raw material, although
other raw materials are also used like limestone and quartzite
(Eixea, Chacén, et al., 2020). In the fauna, mainly from Level IV,
remains of eight different families were identified: Bovidae,
Equidae, Cervidae, Leporidae, Testudinidae, Suidae, Rhinoceroti-
dae, and Canidae. Ibex (Capra sp.), horse (Equus ferus), and deer
(Cervus elaphus) are the most abundant taxa (Carrion-Marco
et al., 2019; Real et al., 2020). With regard to the microfauna,
Microtus cabrerae has been detected in Levels Il and V (Carrion-
Marco et al., 2019).

The lower levels of the record, from VIl to IX, have not been
absolutely dated and present a different pattern of lithic and faunal
remains, especially in Levels VII and VIII (Eixea, Chacén, et al., 2020;

Villaverde et al, 2017). In the lithic industry, discoid knapping

dominates and the raw material is mainly flint. Regarding the fauna,
specifically in VII, leporids are the best represented group and are
likely the result of nonanthropic consumption activities. The leporids
are followed by ungulates, with the Equidae families standing out, of
which part of the sample could correspond to the donkey (Equus
hydruntinus), followed by Cervidae and Bovidae-Caprinae, most of
which seem to correspond to activities of Neanderthal groups (Real
et al, 2019). Microfauna of Levels VII and VIII include Arvicola
sapidus, Microtus cabrerae, Terricola duodecimcostatus, and Apodemus
sp., with Elyomis quercinus present only in VIII (Carrién-Marco
et al.,, 2019).

The archaeobotanical data from the excavations show the
same anthracological taxa at all levels, such as Ephedra sp. (joint
pine), Ericaceae (heather), Juniperus sp. (juniper), monocotyledons,
Pinus nigra and/or P. sylvestris (black and/or Scots pines), Pinus tp.
pinaster (maritime pine), Pinus sp., cf. Pistacia sp., evergreen
Quercus sp. (holm oak, kermes oak), Quercus sp., cf. Rosmarinus
officinalis (rosemary), and Viburnum sp. Carpological remains of
Celtis, of possible Fabaceae, and other angiosperms were also
identified. Level VIII has the highest taxonomic diversity and Il has
the lowest. In general, pines dominate (80%-90%) and angios-
perms (5%-10%) are the least prevalent (Carrién-Marco
et al., 2019). The phytolith analyses focus especially on the upper

levels, from which it can be deduced that herbaceous plants
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Abrigo de la Quebrada
Unit Level Lithology Dates
I I Historical times
I 40.5+ 0.5 k 14C a BP (III)
H { i >50.8 k 14C a BP (II)
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FIGURE 3 Location of the main sectors studied. (a) Plan of the site, showing the sections analyzed in red and in blue, situation of the profile
image in (b). (b) Right sagittal profile, seen from bottom to top: Unit D (AL VII) with blocks, the central part of Unit E (AL VI) and the upper part of
Unit F (AL V) and part of Unit G (AL IV). The OSL sampling of Unit E is circled. (c) Stratigraphic column of Abrigo de la Quebrada showing the
different lithostratigraphic units, archaeological levels, and dates. AL, archaeological level; OSL, optically stimulated luminescence.

dominate, although leaves and wood/bark of woody plants are also
found (Esteban et al., 2017).

The available paleoecological and technological data suggest
that the Neanderthal communities that inhabited the site exploited
the immediate environment by hunting ibex, horse, and deer in a
pine forest environment. Most of the lithic raw material corre-
sponds to local flint and comes from an area within 2-8 km (Eixea
et al,, 2011).

3 | METHODS

The study procedure that we used consisted of stratigraphic-sedimentary
field description (see Table 1) and the application of soil micromorphology
applied to the entire stratigraphic record, except for Unit B, in which we
were only able to sample the sandy laminations. The study was based on
the following profiles of the site's grid: A-3, C-3, E/3-4, E-4, E-5, E-7, G-5,
I-4, I-5, 1/4-5, and K-3 (Figure 6a-f). The analysis of some combustion
areas, specifically in profiles E-3 and I-5, and grid square G-3 is also
included in the study.

The protocol that we followed for the extraction of intact block

samples, a total of 20, consisted of introducing the sediment into

boxes covered with plaster, which allowed us to obtain blocks
without altering the structure and arrangement of the sediments.
Samples collected by M. Mercé Bergada were processed at the
Micromorphology and Image Analysis Service in the Department of
Environmental and Soil Sciences at the University of Lleida. The
blocks were air-dried and then oven-dried at 40°C for 48h to
minimize precipitation of soluble salts during sample drying. They
were then impregnated with an unsaturated colorless orthophthalic
polyester resin and diluted with styrene at a ratio of three parts resin
to one part styrene with a Methyl Ethyl Ketone Peroxide catalyst and
activator (cobalt octoate). The embedded blocks were cut into smaller
blocks a few centimeters thick and two thin sections were made for
each block, generally 13.5x55cm in size, although some are
7.7 x5.5cm and all are 30 um thick. Thin sections (in total 43) were
observed under a polarizing stereomicroscope and a petrographic
microscope at magnifications between x6.3 and x400, using plane-
polarized light (PPL), crossed-polarized light (XPL), and oblique
incident light (OIL). Thin-section description and interpretations
follow the guidelines proposed by Bullock et al. (1985), Stoops
(2021), Stoops et al. (2010), and Nicosia and Stoops (2017).

When presenting the microstratigraphic study of the strati-

graphic units, we use the term microunit (MU) to distinguish

a *9 ‘€T0T ‘$5$90TST

ssdny woy papeoy

1IPUOD) PUE SWLID L Y1 238 “[£202/01/27) U0 ATe1qr AuuQ ASJIAL “(-9U] BANQET) Sqnopeay £q ££612'98/2001°01/10p/wo" Ad[1a Kreaqyjauy

:sdny)

10)/W00" K[ IM"

P!

QSUAOIT SUOUIIO.) dATILAI)) d[qear[dde aty Aq pauIaa0T a1 sa[onIE V() 138N JO S| 10y A1eIqi auI[uQ A1 UO (



15206548, 2023, 6, Downloaded from htps://onlinelib

ry.wiley.com/doi/10.1002/gea.21973 by Readcube (Labtiva Inc.), Wiley Online Library on [22/10/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

s[aAe.8 sy} Jo 9zis sy ‘dol ay3 piemo) pue ‘Ysodsp syl
Ul 9[qISIA SI UOIJRIUSWISD pue S)D0|q 9Je I3y} ‘saienbs-pLs g-)|
pue £-y 9y} ul Aj[enadsa pue aseq ay3 3y ‘2Jenbs pls g-) sy
ul Ajjernadss ‘Suiddejsano awos yum pue Adusapual 3samyiiou [N
yuou e yum adojs sy JO UonIaIp Sy} Ul PajUSLIO S|9ABIS pue 2/SUAS L €D
'd'd BOPT AT Ly< dlypijosejed SIPPIN  $9]qqod duolsawl| dejnueqns Ag pauliod :sApjo Ayjis Yam sajgqod -V/9dAS L wd ge (A 4 €-v

MERCE BERGADA ET AL.

1/1- 3youd ul Ajjeidadss ‘Suippaq Anem e sey pue /-€/1

9AIS0J3 S| 30BIU0D 3| "S9INPOU £0DBD SWOS YIM ‘193[aYsH20. ¥/1-D

'S FCEY 9U3 JO J40329S Jduul 3y ‘€-3/D Ul AJ[e1dadsa ‘sjoAead patsieds €D
pue ey /¥ *008 SRR SWos yym suopjeuiwe| Ag>-Ajis UMOIG UM SPUEeS Spubs 9/GdAS’ L WI00T-06 N3 z-€/3

‘se||iyy ap ejquiey piemoy 3dnige pue J33ays3d04 3y}
JO [[EM 3Y} 0} 3SOJD S10393S Ul 083U dSNYIQ ‘(AHAIDE euney
[0S pue $3001) A}IAIROE [B2130]0Iq JO SIJEI} DJE 243y} ‘do} By}
plemo] ‘adojs 3seayiou Jysi|s e pue AdUspus} Jejngey e yim
‘pajuasaldal 3534 S| AI}DWOSS S} AIBYM SI J03I3S /]-D-3 Y|
*S9SE3IDU| S3|GGOD JO 2dUSsaId B} pue SZIS Ul 3SEU23P Ay}
‘do} 3y} pJeMO} pue UOIFEUOCIED JO S3BI} UM SYI0|q SJe 343U}
‘JlUn ay3 Jo aseq ay3 pJemo] ‘sjuswiSely 3euogied ale Wos
pue ‘s3]gqod auoisawl| papunoigns o3 JejnSueqns YIm sAep ¥/1-9
d1yMjose[ed SIPPIN  AMiS UMoIq 40 pasodwio) :siapjnog awos pub sa|qqod Yim sADJD AYIS V/9UAS'L wgy  (IANA  L-b/3

‘|eodJ4BYD 03 IX3U (T/9YAG /) UOije|nwNIIe
21312[ed YsIUYM e Ag paysingunsip si pue paquosap aq
pINO2 1Byl ‘Wd G JO SSAWDIYL B YUM Y13us| ul wd ZT Inoge ‘-3
9|I404d ay3 Ul pa1edo| SUO dY3 Aj[edlyIdads ‘salnjes) uolsnquiod
9Je 943U BaJe PIJBABIXD dU} JO 3534 9y} dn Ixew Sx20|q
3y pue ‘W 4 8ulle10) ‘G-g/|-D-3 401995 Ul pa3edo] si jisodap
S1Se|D 9y 'SY20|q SWOS YUM Jay1930] Juswasuelle [edILIaA e
ul Jeadde ‘wd gT-ZT ‘sisepd Aleld syl ‘p-3 ajyoud uf '9-3 sjiyoud
10J 3d92%3 ‘suol3aJou0d djeuogled ou Ajjedndeld yjm sijis G-£/9
Apues umolg-ysiAels yum wd GT> sised Ajeld Jo 1i1sodsp e jo 9-¢/3
dlyyjosejed S|PPIA  SISISUOD ] "JSBIYLIOU YlIou Sy3 piemo) sadojS :siap[noq pup s3spj) T/9YAGL  wa09-SE  (BlIIA) D S-€/I

‘un snolAaid sy 01 309dsaJ YIIM 10BJUOD 38U € S| aJa]
‘9/| 9|140.1d U] ‘'Spues UMO.IQ WNIPaW pue aull JO suoljeulwel
SWOS YM ‘ped JSMO| 8y} pIemo] suoiaiduod Jysi|s yim
(le111ew |eoi3ojoseyd.e ul wd 9> s)9193e|d Jo w0 3Y) ul ‘S|9Ae.S Jejn3ue Jo suolje|edsajul (@ pue
9sealdul ue) o1ylljoseled S[ppIN U1yl awos Jo pasodwo) :suoibuIwD| ApUps pup SjaADIS Ip[nSuyy /SUAS L w2 9z qilA) g 9-1/I

*193|2YSy20. dY3 JO deUISgns

(22uspIAe SUO3ISAWI| 3Y3 YHM JOBJUOD Ul S| 3| "PAJUBWAD ANy SI pue

auoq pue |eu3snpul $3|qgad BUoISBWI| PAPUNOIGNS PUE SI|GGOD YHM SPUES UMOI]
awos) alynjoejed SPPIA - Y3l Jo dn spew si 3| FOIPD YUM s3jqgad pub $3[qqod YHm spubs C/LYAS'L wdg'g XN v S-v/1

WILEY-

sajeq@ pouad uonduasap piaid 003  ssawPIL  (Tv) Hun  s3[yoid

684

‘epelqan® e| ap o3uqy Jo uondudsap pjaly Adejuswipas pue oiydea8ijesis ¢ 379dV.L



15206548, 2023, 6, Do

loaded from https:,

b

685

-WILEY

MERCE BERGADA ET AL.

‘d'd BOPT A9 TG< PUB 'd'd EDPT AL O+ 6EY

(In) "d'd B O¥T A8°0S< PUe 'd'g & DPT JS0F S OF

sajeq

pouad oLI03sIH

2lylljoseled S[ppliN

dlyyjo=eled S|PPIN

pouiad

"J0EJUOD }3U B pue A}dwoas Jejnge; e YPm ‘sanpisal

Jlue8I0 pue S[aABIS PapuNoIgns YIM spues AYIS :bLIaIow dupsIiQ

‘S[oAe.3 suolsawl|

SWOS pue Spues A}|IS awos YUm ‘(z//¥AG Z) uonejnunaoe
21219[82 YSIIYM JO pasodwo) “Wd /£ T SSaUWdIY] ‘T ‘sanpisal
[202JEUD YIM (17/GYAG /) Uonoel) ABa-AY|is umolq Sep

e J0 3unsISuod wd T> SSauUXdIY| g :paysindunsip sem dol o1
woj30q wouy duanbas Suimojjo) ayy ataym ‘G-| ajiyoud ul eale
uoiISNQWIOD Jej) e Ajjeals1oads ‘saunjes) uolIsnquiod aJe aJay |
*Je|n3a.11 9q 03 Spud) A1JDW093 I pue ‘G-€/\ U9IMISg 9SOyl
ul Ajje12adsa ‘5103295 SWOS Ul 19BJUOD DAISOJT “UMOI( SI XIJjew
1Is Apues a3 pue ‘g-y a1enbs pLS ul Ajerdadss ‘suoisuouod
€008 yum Jeadde Asyj ‘doy ay3 psemo] ‘ASojoydiow
papunoigns e YliM pue 10129s G/M-|-9 Yl pIemo] 3Sealdap
0} puaj jey)} auojsawl| s3sefd Ajejd wd {,-T 03 asu SulAIS Sjaness

Je[n8ueqns pue Jejngue Aq paziiajoeleyd :3jis Apups Yim s[pApio

“Jejnge} aq 03 spus} Al}oWOoaS 3y} pue 10e3U0d

3snyIp AJISA "punoge seale uoiIsnquiod pue spusuodwiod
|e2180]02eYDY “1233eW JIUESIO Ul SSESIDUI UB SE [[9M SE ‘5101095
SWOS UJ US3S 3 UED UOIIEIUSWY) “IS}IYSHI04 3} JO IPISINO
aU3 pJemoy ysiujwip Jeys s|aAels pue sajqqod Jensueqns Yum

pue spues paJojod-umolq Ylim sAepd AJfis Aq pawioA :sAppd Ay

‘|[BM J93[9Ys3204 By} JO J03I9s aY3 Ul Ajjeidadss

‘oposida 3 ay3 03 10adsal Y3IM 19BIU0D SSNYIP pue Aduspual
Jejngel e yum A1awoas) "Ajuedijiudis saseatoul uonoely Aep
9y} pue Joj0d ul Jx.Jep aJe Ay} ‘doj ayj pJemol y3noyije ‘spues
umoiqg Yaim sAepd Aqjis Jo dn apew si XII1eW 9y ‘S9SEId9P

uondusap ppa1d

0/GYAS’L

V/SUAS 'L

“V/9UAS L

7/SUAS'L

1010D

(panuiuoD)

ry.wiley.com/doi/10.1002/gea.21973 by Readcube (Labtiva Inc.), Wiley Online Library on [22/10/2023]. See the Terms and Conditions (https://onlinelibrary.wiley.com/terms-and-conditions) on Wiley Online Library for rules of use; OA articles are governed by the applicable Creative Commons License

‘|oA3)] |ed130j08BYDIE “TY UONEIASIGAY

(0N €-v

S/A-I-D
S-3
NH G-€/V

S-3

S-€/9

S-v/1

€

(\) 9 €D

(Iv) #un  ssjyoid

T 3149vl



MERCE BERGADA €T AL.

“ Lo [

(b)

FIGURE 4 Profile E/3-4. (a) General view, showing Unit C (AL Vllla) and Unit E (AL VI) location of image (b)—black, image (c)—red. (b) Detail
of the arrangement of the horizontal platy clasts; note the ashy residues. The sampling area of Sample 12 is indicated by the arrow. (c) Clasts in
vertical arrangement also due to the presence of blocks that restricted deposition. AL, archaeological level.

(@)

(b)

FIGURE 5 Detail of Units D and E. (a) Unit D (AL VII). General view of a block in a vertical position showing the formation of carbonate
concretions (black, arrow). (b) Units C (AL Vllla), D (AL VII), and the basal part of Unit E (AL VI), shown in the G-1/4 profile. The wavy bedding is

shown in red. AL, archaeological level.

microstratigraphic units identified in thin section. In the case of
the record analyzed, some of the MU coincide with the field units
and their facies, and only in some cases microscopic observation
has been able to detail additional MU (Table 2). We included the
micromorphological analysis of the combustion areas in each unit

to better contextualize the anthropogenic activity.

4 | RESULTS

In this section, we present the most important micromorphological
aspects of each unit and MU in stratigraphic order. These are shown
in more detail in Table 3. From now on, when we refer to

archaeological levels, they will be referred to with the acronym AL.
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(a)

FIGURE 6 Detail of micromorphological sampling. (a) Profile 1/4-5: 5.18 (Unit A, AL IX) and S.17 (Unit B, AL VIlIb-c). (b) Profile I-5: S.16 (Unit C, AL
VIlla). (c) Profile E-7: 5.13 and S.14 (Unit D, AL VII) and S.15 (Unit D, AL VII-Unit E, AL VI). (d) Profile E-4: S.11, S.10 and S.9 (Unit E, AL VI). (e) Profile
E-G/5 marking the following samples: S.3 (Unit G, AL IV-Unit H, AL IlI-1l) and S.4 (Unit G, AL IV) and Profile I-5: S.5 (Unit G, AL IV-Unit H, AL llI-Il) and
S.6 (Unit G, AL V). (f) Detail of profile I-5. Samples 5 and 6. The upper part of S.5 includes the Unit H hearth. AL, archaeological level.

The descriptions are complemented by the interpretations presented
in the Discussion section. Micromorphological characteristics such as
the composition of the coarse fraction and the micromass are
generally the most homogeneous features of the record and are
highlighted as follows:

The lithological and mineralogical composition consists mainly
of limestone (pisolithic, oolitic, and micritic), mostly subangular to
subrounded, as well as quartz, feldspar, and calcite. Muscovite and
glauconite also occur in Units A, B, and E. Anthropogenic
components are common, except in Unit E and to a lesser extent
in Units A and B, with the majority in Unit G. Biogenics components
such as bones and teeth with various traces of thermoalteration are
present. Particularly noteworthy are fat-derived char in Units D and
G, terrestrial molluscs, especially in Unit D, and some coprolites in
Unit G. Charred fragments such as charcoals and plant remains are
common and predominate in Units F and G. Calcitic ashes appear in
Units C, G, and H. Silica phytoliths are also found in Units C, D, F, G,
and H. The micromass is mainly calcitic crystallitic, although in some
units, it also appears as an undifferentiated type, in the case of Unit
C, as phosphatized clayey, and in others due to the increase of
amorphous organic matter, especially in Unit G. The other

micromorphological features described vary between units and MU.

4.1 | Microstratigraphic description
The units and MU analyzed are as follows (see Table 3):

Unit A (AL IX) is represented by MU.1. Poorly sorted coarse
and medium sands dominate, with subrounded pebbles and
cobbles of pisolithic-oolitic and micritic limestone (Figure 7a). It
is matrix-supported and occasionally clast-supported. There are
some reworked bones and subangular flint fragments in the basal
part. The carbonate groundmass with microsparite crystallization
(Figure 7b) and with traces of calcitic depletion in some zones, as
well as calcitic coatings mainly in sands (Figure 7c) appear as
pedofeatures. Unit B (AL VIIIb and Vllic) is only represented in thin
section by MU.2. It is composed of fine and medium subrounded
sands with some rounded pebbles and cobbles, the same lithology
as Unit A. There are also some woody charcoal fragments and
bones of a larger size than the sand fraction. The calcitic
hypocoatings in vughy voids, sometimes together with fine
material and hypocoatings of Fe oxides and hydroxides, stand
out as pedofeatures.

Unit C (AL VIlIa) is represented by the MU.3 and is characterized
by the presence of subangular clast-supported pisolithic-oolitic

limestone fragments (see Figure 4b). Some show in situ cracking
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TABLE 2 Correlation of the units and microunits of Abrigo de la Quebrada.

Units (AL) Main stratigraphic features

A (IX) Sands with cobbles and pebbles with CaCO3
B (VIIIb-Vllic) Angular gravels and sandy laminations

C (Vllla) Clasts and boulders

D (vll) Silty clays with cobbles and some boulders
E (VI) Sands

F (V) Cobbles with silty clays

G (IV) Silty clays

H (11-11) Gravels with sandy silt

Abbreviations: AL, archaeological level; MU, microunit.

(Figure 8a,b), and some fragments also appear in a vertical position,
especially in profile E/3-4, in particular, Sample 12a. The micromass is
yellowish brown of «clay and silty fine material, slightly
undifferentiated b-fabric (Figure 8c,d), with a channel microstructure
and vesicular voids in some zones. Compared to the previous MU,
there is an increase in woody charcoal, some with traces of
fragmentation, as well as bone remains and some tooth fragments.
In some areas, especially in grid square I-5 (Sample 16), laminar crusts
of calcium carbonate with spherulites of about 100 um (Figure 8e,f)
and traces of dissolution appear as pedofeatures. Calcitic pendants
are also found below gravels and are composed of successive laminae
ranging from clear, micritic to dark brown, dominated by detrital
material. Finally, we highlight the coatings and hypocoatings of fine
material, clays, with oriented domains, especially in profile E/3-4

(Sample 12a). In the combustion area located in profile E-3 (see

MU Main microstratigraphic features

MU.1 Coarse-medium sands and pebbles with CaCOs3.
MU.2 Fine and medium sands.

MU.3 Platy clasts.

MU.4 Silty clays and gravels.

MU.5 Ungraded sands.

MU.6 Ungraded sands.

MU.7 Well-sorted fine/medium sands.

MU.8 Well-sorted coarse sands.

MU.9 Well-sorted fine/medium sands (clay aggregates).
MU.10 Well-sorted fine/medium sands.

MU.11 Well-sorted fine/medium sands (clay aggregates).
MU.12 Well-sorted fine/medium sands.

MU.13 Well-sorted coarse sands.

MU.14 Well-sorted fine/medium sands (clay aggregates).
MU.15 Clayey silts.

MU.16 Clayey silts.

MU.17 Clayey silts.

MU.18 Clayey silts.

MU.19 Gravels with silty clays with CaCOs.

MU.20 Silty clays with organic and charcoal residues.
MU.21 Silty clays with CaCOas.

MU.22 Silty clays with organic and charcoal residues.
MU.23 Silty clays with CaCOag.

MuU.24 Silty clays with organic and charcoal residues.
MU.25 Gravels with silty sands.

MU.26 Silty sandy gravels with silt capping.

Figures 4b and 9a,b), there is a 6.5-mm-thick calcitic accumulation
with some prismatic calcium carbonate pseudomorphs and ashes
(Figure 9c). In the lower part, there are light impregnations of Fe
oxides and hydroxides with some charcoal residues (Figure 9d).
Pedofeatures include coatings and hypocoatings of fine material with
oriented domains (see Figure 9c), and the detrital material appears
with traces of brunification and impregnations of Fe oxides and
hydroxides.

Unit D (AL VII) is represented by MU.4, which is characterized by
the presence of carbonate concretions in the gravels and carbonate
fragments. Some of these concretions appear with banded lamina-
tions, some micritic and lighter in color, and some detrital and darker
(Figure 10a); others also appear with microcrystalline, laminated
fabric and with a palisade or columnar habit in which the growth

points of the crystals can be seen (Figure 10b,c) (J. M. Cervelld,
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FIGURE 7 Unit A (AL IX) MU.1/Sample 18. (a) Transmitted light scan of part of the thin section with subrounded cobbles and pebbles in
sands. (b) Cemented coarse and medium sands XPL in the black box in (a). (c) Calcitic depletion zones and calcitic coatings (white arrow) mainly in
sands XPL in the red box in (a). MU, microunit; XPL, crossed-polarized light.

personal communication, 12th June, 2021, Institut d'Arqueologia
[IAUBY]). The fine fraction is composed of mainly sandy silty clays with
a channel/granular microstructure and the presence of vesicular
voids and a matrix-supported fabric. Discrete laminations of fine
material appear among the groundmass (Figure 10d). There is an
increase in almost whole gastropod remains (Figure 11a) and a
considerable decrease in charcoal and bones compared to the
previous unit, although there is some fat-derived char (Figure 11b),
a residue produced from the burning of meat, bone, and/or animal fat
and characterized by numerous vesicles with small fissures or cracks
radiating from the walls (Mallol et al., 2017; Villagran et al., 2017).
Silica phytoliths and some spores (Figure 11c) are found scattered
throughout the groundmass. The pedofeatures from biological soil
activity include calcitic hypocoatings and dense incomplete phyto-
morphic calcite infillings (queras) (Figure 11d). There is also high
lumbricid activity manifested by chamber formation and biogenic
calcite granules.

In Unit E (AL VI), several MU are found in three groups:

1. Sands, unsorted: This includes MU.5 and MU.6. Dominance of fine
to medium sands consisting mainly of quartz and subangular

gravels of pisolithic and oolitic limestone (Figure 12a). Some

micritic hypocoatings appear on the gravels. Toward the top,
MU.6, there is a decrease in cobbles and dominance of
subrounded fine sands with clayey silts giving rise to some
laminations <1.5mm thick. Concentric orthic nodules of iron

oxides and hydroxides appear.

2. Sands with a tendency to be well sorted: This includes MU.7 to MU.14.

In general, fine to medium sands (Figure 12b)—MU.7, 9, 10, 11, 12,
and 14—mainly composed of subangular to subrounded quartz and,
to a lesser extent, micritic limestone, some clay aggregates, especially
in MU.14, and some chert. They can appear, as in MU.10 and
MU.12, with laminations of very fine sands (Figure 12c). Coarse to
very coarse sands are also found in MU.8 and MU.13 (Figure 12d),
composed of subrounded to rounded micritic limestone, quartz,
muscovite, and aggregates of red clays.

Despite the particle size of the different MU, it is worth
highlighting their composition, in which, apart from quartz and mica
and in some cases chert, micritic limestones also appear repeatedly in
the current bed of the ephemeral stream (rambla), as well as in the
alluvial profiles. The subrounded aggregates of silty clays (terra rossa)
from the limestone formations that can currently be seen in the bed

of the rambla are also noteworthy.
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FIGURE 8 Unit C (AL VIllla). (a) MU.3/Sample 12a. Cracked in situ platy clasts of limestone in PPL. (b) Same as (a), in XPL. (c) MU.3/Sample
16. Phosphatized clayey and silty fine material with spherulites in the dashed circle on either side of charcoal residues, in PPL. (d) Same as (c), in
XPL. (e) MU.3/Sample 16 Calcite-rich groundmass with spherulite in the dashed circle, in PPL. (f) Same as (e), calcitic crystallitic b-fabric, in XPL.
MU, microunit; PPL, plane-polarized light; XPL, crossed-polarized light.

3. Clayey silts with fine sands: They are located at the top of the

sequence and are represented from MU.15 to MU.18. They are
characterized by a greater contribution of clayey silts, which
gradually increase toward the top of the sequence. Moreover,
they have a greater sedimentary thickness, especially MU.17
(Figures 12e) and 18. Sandy silt laminations appear in the latter.

are found and it is especially distinguished from the others by a
series of features such as calcitic hypocoatings in voids, faunal
passages, fecal pellets, clay coatings in voids, and in the detrital
material.

Unit F (AL V) is formed by subrounded to subangular cobbles and

The lithological and mineralogical composition does not differ gravels of pisolithic-oolitic limestone in a matrix of silty clays and a

from the two previous groups described, but some plant residues matrix-supported fabric. The gravels show traces of dissolution.
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FIGURE 9 Unit C (AL VIlla), Sample 12b, Hearth. (a) Overview transmitted light scan. (b) At the top, calcitic ashes in OIL are shown. (c) Detail
of (b) with some calcium carbonate pseudomorphs of prismatic forms and hypocoatings (HY) of fine material, in XPL. (d) Slight traces of
thermoalteration in the groundmass with some charcoals in the red box in (a), in XPL. OIL, oblique incident light. XPL, crossed-polarized light.

There is an increase in fragmentary charcoal, bone, and flint in
relation to the previous units.

Two MU have been distinguished: MU.19 has a vughy, vesicular
microstructure with traces of calcitic depletion in the groundmass,
some calcitic coatings in gravels, and dense or loose microsparitic
infillings. MU.20 is characterized by a granular, crumbly micro-
structure in some areas and by silty-clay coatings around the gravels.
Amorphous residues of organic matter and silica phytoliths are more
abundant in MU.20. There are also dense incomplete infillings of
phytomorphic calcite (queras), channels, calcitic hypocoatings, and
aggregates and voids typical of soil faunal activity.

Unit G (AL IV) is generally characterized by a vughy and channel
microstructure with a matrix-supported fabric of silty clays with fine
sands. There are some subrounded gravels with traces of dissolution.
Laminations of very fine material are found (Figure 13a), sometimes
consisting of charcoal and/or organic residues (Figure 13b). There is a
considerable increase in archaeological remains in the groundmass.
Particularly noteworthy are the remains of bones and teeth with
various traces of combustion, yellow to orange-reddish in PPL, and
with some fissures, as well as brownish-black partially carbonized
organic matter residues in PPL and black woody fragmenting charcoal
with the presence of calcium oxalates (Figure 13c,d). The biological

activity of the soil fauna is highlighted by the presence of ellipsoidal

mite droppings in channels (Figure 13e), calcitic hypocoatings, and
dense incomplete infillings of phytomorphic calcite (queras) in the
voids of the groundmass (Figure 13f).

Several MU can be distinguished, which can be grouped into two

according to their pedosedimentary features:

1. Silty clays with CaCO3. This would include MU.21 and MU.23
(Figure 14a,b). They are especially distinguished by their partially
cemented micritic groundmass. In MU.23, there are some
fragments of ash and charred remains that are in an advanced
state of disintegration.

The bones, mainly those of a spongy structure, appear with
CaCOg; infillings and hypocoatings in the pores (Figure 14c) and on
their edges. There are some yellow cryptocrystalline hypocoatings
in PPL in the detrital material.

In MU.23, a combustion area in grid square G-3 (Figure 14d)
was located in the thin section (Sample 19), in which it was
distinguished from top to bottom (Figure 14e): 3.5-mm-thick
calcitic ashes, which are slightly phosphatized, making it practi-
cally isotropic in some zones. Some brown to brownish gray bone
fragments appear (Figure 14f) with bubble-shaped pores. The
microstructure is massive/vughy with an open porphyric-related

distribution. There are some predominantly fine sand and quartz
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FIGURE 10 Unit D (AL VII) MU.4/Sample 13. (a) Fragment of concretion in the groundmass with banded laminations, some lighter-colored
micritic and some darker, more detrital, in XPL. (b) General view of a concreted limestone fragment, L, in XPL. (c) Same as (b) in detail.

Microcrystalline fabric, laminated and with a palisade or columnar habit in which the growth tips of the crystals are visible, in XPL. (d) General
view of laminations, marked with dashed lines, in a bioturbated groundmass, in PPL. MU, microunit; PPL, plane-polarized light; XPL, crossed-

polarized light.

particles. At the bottom, partially cemented silty clays appear. It is
distinguished by the occurrence of orthic nodules and impregnations
in the groundmass of Fe oxides and hydroxides (see Figure 14e).

2. Silty clays with organic and charcoal residues (Figure 15a)
comprise MU.22 and MU.24. Amorphous organic residues
dominate together with remains of woody charcoal in the process
of disintegration, some of them partially charred (Figure 15b);
some appear with a filiform morphology. Silica phytoliths
(Figure 15c) and ashy aggregates are scattered in the groundmass
(Figure 15d), especially in MU.24.

In the bone remains that are abundant in these MU, some are
found with in situ fissures that give rise to articulated and slightly
displaced fragments (Figure 16a). Some bone remains appear with
traces of combustion, mostly reddish-brown with black contours in
PPL (Figure 16b) and fissures; others appear with staining showing a
reddish hue in PPL (Figure 16c) and with traces of dissolution
(Figure 16d), leading eventually to their fragmentation; and finally,
others appear with calcified filament infillings (Figure 16e,f). Some

fat-derived char also present.

In MU.22, there are fragments of coprolites distinguished
by their tabular morphology, 2-3mm, formed by an optically
isotropic yellow phosphate cryptocrystalline accumulation with an
undifferentiated groundmass (Figure 17a-c). They contain some silica
phytoliths, as well as some bone fragments with some mineral
particles. They show stains and pigmentations of Fe oxides and
hydroxides from 25 to 40 um. All these features correspond to
animals with a carnivorous diet (Brénnimann, Pimpin, et al., 2017),
some of which show vertical fissuring.

In MU.24, there are some <1 mm fragments of coprolite with
incipient fragmentation (Figure 17d). Inside, there are fecal spheru-
lites and disarticulated silica phytoliths (Figure 17e,f), suggesting that
they belong to an animal with a herbivorous diet (Bronnimann, Ismail-
Meyer, et al., 2017). There are also several flint fragments. Among
the pedofeatures of these MU, we highlight Fe oxide and hydroxide
impregnations in the groundmass as a result of thermoalteration,
especially in MU.24.

Unit H (AL Ill and Il) is mainly composed of gravels of tabular
morphology with a subangular and subrounded tendency of the clast-

supported type. Two MU have been distinguished—MU.25 and
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FIGURE 11 Unit D (AL VII). (a) MU.4/Sample 14, practically whole gastropod, in PPL. (b) MU.4/Sample 13, fat-derived char, in PPL. (c) MU.4/
Sample 13, arrow-marked spores scattered in the groundmass, in PPL. (d) MU.4/Sample 14, dense incomplete phytomorphic calcite infilling
(quera) in a dashed circle, in PPL. MU, microunit; PPL, plane-polarized light.

MU.26—in which differences exist in the microstructure and
pedofeatures. It should also be noted that both MU show a decrease
in anthropogenic components with respect to Unit G, although in
MU.25, they are more abundant. There are well-preserved woody
fragments, some of which show ring-porous and tracheid structures
(Figure 18a). The latter is typical of coniferous species. Bone
fragments and flint elements are also found.

MU.25 is characterized by a microstructure with a
lenticular-platy tendency (Figure 18b) and by a fissure in the detrital
material, and sometimes, traces of dissolution with a slightly vertical
orientation (Figure 18c). In contrast, MU.26 is distinguished by an
intergrain microaggregate and granular microstructure (Figure 18d)
and pedofeatures that include fine material coatings on top of or
around the detrital material in the form of silt capping (Figure 18e),
some coatings and infillings of fine material in voids, and detrital
material (Figure 18f).

In the located combustion area within Unit H (AL Ill), the
following features have been distinguished (Figure 19a): a layer
formed by calcitic ashes, with a platy and lenticular microstructure
showing “banded fabrics” (Figure 19c), and the presence of mainly
fine quartz sands and some gravels of micritic and oolitic limestone.

There are abundant, grayish-colored bones in PPL, some of them

vertical with fissures. Articulated silica phytoliths are also present
(Figure 19d). Pedofeatures include some silt cappings among the
aggregates and among the bone fragments, and localized sparitic
calcitic infillings causing fragmentation of the bone remains. The
lower part is composed of silty clays with orthic nodules of iron
oxides and hydroxides, and reddish-brown plant residues are also
observed in PPL in a partially carbonized horizontal arrangement
(Figure 19a,b), most likely bark (Ismail-Meyer, 2017). Some elongated

silica phytoliths are present.

5 | DISCUSSION

5.1 | Geogenic record: Depositional and
postdepositional processes

The sedimentary dynamics of the site begins with Unit A (AL IX), with
coarse and medium sands with subrounded cobbles, the infilling of
the bar or the channel of the Rambla de Ahillas. It is an episode of
alluvium with local cobbles as a product of bed scouring, with
moderate to high hydraulic energy, typical of flash flood with a

nonuniform regime. This unit indicates a phase of alluvial activity with
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Quebrada Sample 11
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FIGURE 12 Unit E (AL VI). (@) MU.5/Sample 15, fine to medium sands with subangular limestone gravels, in XPL. (b) Sample 11, overview of
granoclassified sands—MU.10, 11, 12, 13, and 14—transmitted light scan. (c) MU.12/Sample 11, lamination of very fine, well-sorted sands, in
XPL. (d) MU.14-MU.13-MU.12/Sample 11, general view of red clay aggregates (arrow) and micritic limestone sands in MU.13, in XPL. () MU.
17/Sample 9, clayey silt with some voids likely due to biological activity, in XPL. MU, microunit; XPL, crossed-polarized light.

high sediment loads suggestive of a possible decrease in vegetation
cover and an increase in erosion and consequent sediment produc-
tion. The bed of the ephemeral stream penetrated the rockshelter
itself. Some reworked archaeological remains can be found.
Subsequently, microsparitic-type calcium carbonate crusting
occurred. Some traces of dissolution and recrystallization are
observed, a feature that may occur from the parent material itself
due to the translocation of bicarbonates in the water circulating
through the system (Boixadera & Poch, 2008). Hardening and

cementation of the horizon would have occurred as a result of

successive dissolution/reprecipitation processes and also because it
is in contact with the limestone substrate of the rockshelter, which
does not facilitate drainage.

After a sedimentary interruption, Unit B (AL VIlIb and VllIc) is
represented by a thin intercalation of angular gravels and cobbles,
with laminations of fine to medium sands. This corresponds to an
episode formed by local debris and alluvial contributions from the
rambla that reactivates the transport of course sediments, but not
with as much energy as in the previous unit. These dynamics were

intermittent, as suggested by features such as CaCOj;

a *9 ‘€T0T ‘$5$90TST

“sdyy woy pop

) puE sud L 3 298 “[£202/01/27] U0 Areiqry auru ASJIm “(-oul BARGET) Squope £q ££612°898/2001°01/10p/woo Aofia'A:

ssdny) suonip

10)/W00" K[ IM"

P!

QSUAOIT SUOUIIO.) dATILAI)) d[qear[dde aty Aq pauIaa0T a1 sa[onIE V() 138N JO S| 10y A1eIqi auI[uQ A1 UO (



MERCE BERGADA €T AL.

699

FIGURE 13 Unit G (AL IV). (a) MU.23/Sample 20, clayey silt laminations between the groundmass marked with arrows, in PPL. (b) MU.22/
Sample 6, organic/charcoal residues laminations marked with arrows, in PPL. (c) MU.22/Sample 4, wood charcoal and associated calcium oxalate
crystals, in XPL. (d) MU.22/Sample 4, detail of calcium oxalate crystals, in XPL. (e) MU.23/Sample 20, loose continuous infilling with mite
excrement, ellipse, in PPL. (f) MU.22/Sample 6, dense incomplete infilling of phytomorphic calcite (quera) with a black arrow, B (bone) and mite
excrement, with red arrows, in PPL. MU, microunit; PPL, plane-polarized light; XPL, crossed-polarized light.

hypocoatings that appear in the voids as a result of calcium
carbonate precipitation due to root metabolism (Durand
et al., 2010), thus corroborating episodes of ephemeral stream
inactivity. As in the previous episode, there is some crusting and
recrystallization, but not as pronounced. There is a slight increase
in archaeological remains, most likely due to more favorable living

conditions at the site.

Unit C (AL VIlla) corresponds to an episode with different
processes in its formation. First, frost action resulted in fragmenta-
tion of the limestone material of the rockshelter walls and roof into
coarse clasts. Some of the large clasts have an angular and platy
morphology. There are also boulders from the rockshelter roof that
induced a change in the morphology of the settlement, followed by

a solifluidal displacement of the materials, inducing lobes with

a *9 ‘€T0T ‘$5$90TST

“sdyy woy pop

BIPUOD) PUE SWdL 941 298 “[£207/01/27] U0 Aeaqr] SuruQ AJ[1AL “(‘OU] BARQET) FqUOpEa £q ££612°895/Z001°01/10p w0 o1&

ssdny)

10)/W00" K[ IM"

P!

QSUAOIT SUOUIIO.) dATILAI)) d[qear[dde aty Aq pauIaa0T a1 sa[onIE V() 138N JO S| 10y A1eIqi auI[uQ A1 UO (



MERCE BERGADA €T AL.

= 8 £9-0102 Yavy83N0

FIGURE 14 Unit G (AL IV). (a) MU.23/Sample 20, overview of the CaCO3-bearing silty clay-type microunits in which bones, burnt (BB) and
unburnt (NB), are observed, in PPL. (b) Same as (a), in XPL. (c) Detail of the previous bone, in which CaCOs infillings and hypocoatings are

observed in the pores, in XPL. (d) MU.23/Sample 19, general view of the thin section from the black box part of the hearth. Transmitted light
scan. (e) Detail of (d), view of the hearth: upper, calcitic ashes, slightly phosphatized, and lower, thermoaltered silty clays (TH), in PPL. (f) Detail of
(e), brown to brownish gray bone (calcined) and bubble-shaped pores due to high combustion, in PPL. MU, microunit; PPL, plane-polarized light;

XPL, crossed-polarized light.

well-developed preferential orientation of clasts, some of which
show vertical or inclined changes in orientation because of repeated
movements and variations due to freeze-thaw processes. Occasion-
ally, some are fissured in situ, all indicating a cooling climatic episode.

In the E-G-1/3-6 sector of the rockshelter, where the clast
fraction is more abundant, there is the formation of laminar calcrete

crusts consisting of a dark-colored micritic band with calcite
spherulites. Its genesis has been suggested to be due to the biogenic
activity, most likely of cyanobacteria and bacterial mats that
developed as thin films in wet environments and subsequently dried
out, meaning that they must form at the sediment/atmosphere
interface (Alonso-Zarza & Wright, 2010; Durand et al., 2010;
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FIGURE 15 Unit G (AL IV). (a) MU.22/Sample 4, silty clays with fine organic material, in PPL. (b) MU.24/Sample 5, partially charred woody
fragment, in PPL. (c) MU.24/Sample 5, silica phytoliths distributed in the groundmass with an arrow, in PPL. (d) MU.24/Sample 5, ash fragment
(A) distributed among the groundmass, in PPL. MU, microunit; PPL, plane-polarized light.

Verrecchia et al., 1995). We propose that its origin in Abrigo de la
Quebrada in some sectors was favored by the presence of boulders
in sectors E-G-1/7-10 that did not facilitate drainage of thaw water
and so this bacterial activity developed. This also reveals that Unit C
was exposed to the atmosphere for a certain period of time.

Another interesting feature in the same sector is the formation of
pendants on the clasts. Their genesis is related to processes of
dissolution and precipitation of carbonates, which is accentuated in
the lower part of the detrital material as more humidity has been
retained (Dorronsoro et al., 2020; Ducloux & Laouina, 1989; Durand
et al., 2010). These accumulations appear in the form of layers; the
ones closest to the clasts are older and are formed of micritic calcium
carbonate and the most recent ones are formed by an increase in
detrital material and appear darker. According to Durand et al. (2010),
the carbonate-rich laminations form in more arid phases with less
biological activity, the latter more typical of a more humid
environment; therefore, it also demonstrates certain environmental
changes in the same unit that would correlate with the above
processes. Finally, we identified illuviation of fine material in voids
and gravels that is likely due to liquefaction processes on the surface
and/or rapid percolation of surface runoff after thawing (Van Vliet-
Lanoég, 2010).

The paleoenvironmental conditions of this Unit C were initially
cold and arid, but gradually became wetter as conditions moved
toward a less harsh environment.

Unit D (AL VII) is caused by several processes: (a) an episode of
rockshelter roof collapse that is particularly reflected in grid
squares E/4-5, not as important as in the previous episode,
although in E-3, there are still gravels and cobbles from the
rockshelter wall, but not as abundant as in the previous episode,
and (b) a mass displacement as the coarse material is embedded in
a very fine matrix and tends to have an orientation depending on
the slope of the deposit (Karkanas & Goldberg, 2019). Some
laminations of very fine material are also observed in the matrix as
a result of this displacement.

One aspect to consider is that there are carbonate concretions in
the cobbles and blocks (see Figure 5a) that did not originate in situ,
but are instead from the initial roof or wall of the rockshelter. This
feature indicates that between Units C and D, there was a hiatus in
which conditions were favorable for the precipitation of carbonates,
due to a warm environment and availability of water.

After the formation of Unit D, conditions of stability were
established. This is indicated by localized root activity in the form of

calcification-decalcification features associated with impregnation of
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FIGURE 16 Bones in Unit G (AL IV). (a) MU.22/Sample 4, bone fragment probably cracked by trampling; some displacement is observed, in
PPL. (b) MU.22/Sample 4, bone with thermoalteration traces with reddish-brown color with black contours, in PPL. (c) MU.24/Sample 5, bone
fragment with reddish staining, Fe oxides and hydroxides extending over the surface, in PPL. (d) MU.24/Sample 5, traces of dissolution and
fissuring around these reddish impregnations, in PPL. (e) MU.22/Sample 4, fragment of a possible burnt tooth with calcified filament infillings
(arrow), in PPL. (f) Detail of calcified filament infilling in the black box in (e), in XPL. MU, microunit; PPL, plane-polarized light; XPL, crossed-

polarized light.

root tissues known as queras (Durand et al., 2010), silica phytoliths, and
some spores. There is also evidence of biological activity, namely, faunal
passages, biogenic calcite granules excreted by earthworms (biospher-
oids) (Canti, 2017; Durand et al., 2010), and the abundant presence of
terrestrial gastropods. All these features suggest that Unit D was

subaerially exposed for a period of time and that pedogenesis began.

Unit E (AL VI) is due to the alluvial dynamics of the ephemeral
stream, in which different episodes can be distinguished with a
sequence generally decreasing in grain size. It can also be seen by the
erosive contact in some sectors, as well as by its wavy bedding, which
is indicative of this dynamic (see Figure 5b). We located several

episodes, among which we distinguish from bottom to top:
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FIGURE 17 Excrements in Unit G (AL IV). (a) MU.22/Sample 4, a bone (B) is distinguished together with an excrement (E) of a suspected
carnivorous animal, which is highly phosphatic, slightly fragmented in PPL. (b) Same as (a), but in XPL. Note that the excrement is optically
isotropic with undifferentiated b-fabric. (c) Same as (a) in detail. Some silica phytoliths with an arrow, as well as stains of Fe oxides and
hydroxides, in PPL. (d) MU.24/Sample 3-bottom-, overview of a fragment of excrement of a suspected herbivorous animal, dashed circle, in XPL.
(e) Detail of (d) with some silica phytoliths, arrows, in PPL. (f) Detail of the previous image with numerous fecal spherulites, arrows, in XPL. MU,
microunit; PPL, plane-polarized light; XPL, crossed-polarized light.

Sands with angular gravels from the dismantling of the previous
unit, which could correspond to episodes of higher energy,
perhaps of the flash flood type.

Well-sorted mainly fine to medium sands denote a low-traction
energy environment perhaps in the water recess or could

correspond to overflows of suspended load. There are also some

episodes of medium to coarse sands without gravel or pebbles, a
fact that makes us believe that these correspond to episodes of
higher energy.

Massive clayey silt corresponding to high-turbidity flood water
stagnation with a high concentration of suspended detrital

material. This episode is important as it represents an
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FIGURE 18 Unit H (AL llI-1). (a) MU.26/Sample 2, cross-section of conifer wood charcoal in the process of fragmentation. Xylem tissue with
vessels (tracheids), in PPL. (b) MU.25/Sample 3—top— microstructure with a lenticular-platy tendency, in PPL. (c) MU.25/Sample 3—top—
vertical or inclined orientation of detrital material, marked with arrows, in XPL. (d) MU.26/Sample 2, granular microstructure, in PPL. () MU.26/
Sample 2, fine material coatings on top of or around the detrital material in the form of silt capping (SC), in PPL. (f) MU.26/Sample 2, clayey silt
infillings (IN), in PPL. MU, microunit; PPL, plane-polarized light; XPL, crossed-polarized light.

abandonment of the river bed in the rockshelter at Abrigo de la
Quebrada. It shows pedogenesis, since we found biological
activity such as roots, soil fauna, and some woody residues,
which suggests interruptions in the sedimentary record.

In general, Unit E corresponds to different alluvial episodes

with some energy changes, mostly rather low, which may indicate a

progressive abandonment of the channel in the deposit. A
significant change in sediment supply with less input led to a low
erosion rate on the slopes, corresponding to a period under
increasing humidity and temperatures with local vegetation
coverage. In its final stretch, it functioned as a floodplain. In short,
this alluvial dynamic would not be conducive to the occupation of

the area of the site.
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FIGURE 19 Hearth, Unit H (AL Ill). (a) General view of the hearth, Sample 5: thermoalteration zone (TH), and ashes, in XPL. (b) Detail of the
lower part. Horizontal plant residues partially charred, perhaps bark, in XPL. (c) Ash area with banded fabrics with some burnt bone fragments, in
PPL. (d) Articulated silica phytoliths, arrows, in PPL. PPL, plane-polarized light; XPL, crossed-polarized light.

From Unit F (AL V) onwards, there are no more accumulations
from the Rambla de Ahillas in the rockshelter. A series of processes
were involved in its origin: First, fragmentation of the walls and roof
of the rockshelter caused a slope in a northerly direction, especially in
the K-3 grid square of the site. Thereafter, some episodes of mass
displacement occurred, corroborated by vesicular voids typical
of muddy flow liquefaction processes (Bertran & Texier, 1999;
Karkanas & Goldberg, 2013). In MU.19, a microsparitic secondary
carbonate cementation is observed that may be due to precipitation
and evaporation cycles with some traces of dissolution and
recrystallization. There is an increase in human activity well recorded
in the two MU, although toward the top, MU.20, an episode of
stabilization is observed, with an incipient increase in organic matter
residues, contrasted also by the important presence of biological
activity, including both roots and soil fauna suggestive of pedogenic
activity.

Next, Unit G (AL IV) shows a change from the previous units from
a sedimentary point of view. This unit is mainly formed by runoff,
although some gravels from the fragmentation of the rock still appear
in the sectors close to the rockshelter wall.

These diffuse runoff episodes gave rise to laminations that

occurred throughout Unit G, even in postoccupation episodes. In this

unit, the concentration of organic fine material and plant residues
increased compared to the previous unit. These plant residues are
burnt and nonburnt and contain silica phytoliths, which, together
with the presence of roots (channel microstructure, phytomorphic
calcite, and calcitic hypocoating), is indicative of a stabilization
episode in the environment. There is also the intercalation of micritic
carbonation laminae, especially reflected in MU.21 and MU.23,
where carbonate precipitates in the clay micromass fill the spaces
between voids. In short, Unit G reflects a phase of low sedimentation
that favored strong development of pedogenetic features that appear
mixed with human activity.

From this point, there is an abrupt change with respect to the
previous Unit, G, characterized by Unit H (AL Ill and II), which
represents the end of the Pleistocene record of the site. This is the
result of increased frost-shattered clasts of the walls, and in some
sectors, erosive contact at the boundary of Units G and H can be
observed. A series of characteristic features of repeated freeze-thaw
episodes are found in both the matrix and the coarse fraction. These
features include the microstructure with a lenticular tendency, mainly
in MU.25, which creates banded fabrics in some zones, frost cracks in
the detrital material, and a change in its arrangement to inclined or

vertical (Van Vliet-Lanoég&, 2010). Accumulations of finer material on
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top of the coarse elements—silt cappings—especially in MU.26, would
favor their translocation. Another process that is observed is the
abundance of illuviated fine material in the form of infillings that can
be attributed in this context to liquefaction of the surface during
thawing, also located in MU.26 (Van Vliet-Lanoég, 2010).

All these features indicate a major change in the environmental
conditions of the rockshelter, which undoubtedly suffered from the
frost effects. It is likely that, during drier periods, cryoclastic
sedimentation was very active. Later, and even after human
occupation, continuous freeze-thaw cycles caused the rotation of
aggregates, detrital material, and archaeological material resulting in
accumulations typical of gelifluction processes (Van Vliet-
Lanoé, 2010). These processes indicate cooling associated with an
increase in humidity.

In summary, Unit H (AL Il and IlI) represents a significant shift in
environmental conditions in the rockshelter with a marked decrease

in ambient temperature.

5.2 | Anthropogenic activity in the sedimentary
record

In Abrigo de la Quebrada, Neanderthal activity is evident in
practically the entire record from a microstratigraphic point of view,
except for Units A (AL IX) and E (AL VI), which have geogenic
characteristics not very conducive to the rockshelter's habitability.
However, the identification of anthropogenic activity manifests itself
mainly in hearths and especially in Unit G (AL IV), where the density

of components is considerable.

5.2.1 | Hearths

The hearths analyzed were located in Unit C (AL VIlla), Unit G, (AL
1V), and, finally, Unit H (AL Ill). They are characterized by their flat or
slightly concave morphology, in which it has been possible to identify
a single combustion event. The hearths in general consist of rubified
sediment overlain by ash and a few associated lithic and bone
remains.

In Unit C, a hearth was located in profile E-3, composed of
woody tissues and ashes characterized by calcitic accumulation
together with some prismatic pseudomorphs of calcium carbonate
representative of bark and wood ash (Brochier, 1996). The support
shows traces of thermal alteration slightly affected by processes of
illuviation of fine material.

In Unit G, a hearth characterized by silty clays with CaCO3; was
found in MU.23, specifically in grid square G-3. We can distinguish
cemented detrital material with marked traces of thermoalteration. In
its upper part, calcitic ashes with calcined bone remains are evidence
of a high-intensity fire (Mentzer, 2014).

In Unit H, profile I-5, there is also a hearth in which the fire is
established on a detrital layer with moderate thermal transformations

together with partially carbonized plant remains and phytoliths that

seem to correspond to a previous anthropic activity in Unit G. In the
upper part, there are calcitic ashes with a high content of silica
phytoliths and calcined bone remains, all denoting high-intensity
combustion (Bergada, 1998; Villagran et al., 2017), but probably
below 750-850°C, as the phytoliths do not show signs of melting
(Canti, 2003). This hearth appears with the freeze and thaw traces
typical of Unit H. It also subsequently underwent dissolution and
reprecipitation processes, forming microsparitic to sparitic CaCO5
infillings in the ashes as well as in the fissures of the bones, which, in
some cases, led to their fragmentation. Its formation is due to local
dissolution of ashes, followed by precipitation. Slow crystallization is
evidenced by crystal sizes of >50um, indicating a very cool
environment and stable conditions (Durand et al., 2010).

In all, the microstratigraphic study shows that there are
practically no differences between the hearths analyzed, despite
their time difference. These combustions reached high temperatures,
which is probably why there are practically no charcoal fragments. It
is difficult to hypothesize the function of these hearths as there is a
lack of micro-scale studies on the extent of these combustion areas.

Finally, the good preservation of the ashes, with no evidence of
dispersion especially in the hearths of Units C and H, could indicate a
lack of reiterated occupations in the rockshelter. However, these
considerations must be interpreted with caution, as very few hearths
have been analyzed from a microstratigraphic point of view at
this site.

52.2 | UnitG (AL IV)

This unit is associated with a high density of anthropogenic and
biogenic components that distinguish it from the rest of the record.
Two of the most important are bones and teeth, some with traces of
thermoalteration and to a lesser extent fat-derived char.

Some bones have in situ breakage that resulted in articulated and
slightly displaced fragments, most likely due to trampling (Miller
et al., 2009; Villagran et al., 2017). These data reinforce evidence for
human activity in the unit that, in some cases, is related to
combustion. One of the aspects worth highlighting about these
components is their diagenetic evolution according to the localized
MU. In the silty clay MU.22 and MU.24 with high organic contents,
bone remains are more abundant. The bone remains are generally
reddish-brown, and in some cases, have stains that appear reddish-
orange in PPL. These features are due to microbial activity leading to
the precipitation of iron and manganese compounds (Bergada
etal.,, 2013; Polo-Diaz & Fernandez-Eraso, 2010; Villagran et al., 2017)
and also due to the precipitation of humic acids from the soil
(Villagran et al., 2017). This would accentuate the dissolution
features, giving rise to an increase in porosity and more subrounded
contours at the bone edges due to the acidic environment (Karkanas
& Goldberg, 2019). Other bone fragments have calcified filament
infillings of fungal origin (Durand et al., 2010).

In contrast, in the CaCOs silty clay MU.21 and MU.23, microbial

activity in the bone fragments is considerably reduced, which is also
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an indication that carbonate precipitation was rapid, immediately
after the formation of the MU. One of the features affecting bone
remains is their enrichment in carbonate in their pores or at their
edges, which, in some cases, causes their fragmentation. This process
is due to carbonate-rich solutions derived from the surroundings
reacting with the phosphate material in the bones. It is these MU that
we believe best preserve the hearths such as the one located in grid
square G-3 discussed in the previous section, since cementation
prevents the proliferation of biological activity in the soil.

The components of plant origin are both uncharred and charred.
Some are woody and associated with calcium oxalate crystals, and
their presence may be due to combustion taking place at a low
temperature (Milek, 2014) or due to poor oxidizing conditions
(Courty et al., 1989), data that, when associated with the main traces
of thermoalteration observed in some bones, also reflect moderate
temperatures. A smaller proportion of woody ash remains are
reworked mainly by biological activity.

It is worth mentioning that some coprolites of animals with
carnivorous and herbivorous diets have been found in different MU
but penecontemporaneous to Neanderthal activity. All these fea-
tures, as well as the pedogenic activity that developed, allow us to
infer that the rate of sedimentation was slow, diffuse, and irregular,
and therefore, the occupation surfaces were subaerially exposed,
favoring the formation of cumulative palimpsests (Bailey, 2007).

In this unit, occupations were more recurrent in the settlement,
but at the same time intermittent and/or seasonal, as there are also

features that indicate that it was frequented by animals.

5.3 | Chronostratigraphic and paleoenvironmental
evolution

Some challenges arise in establishing the chronostratigraphic and
paleoenvironmental evolution of the site (Table 4) in its regional
context, because from a chronological point of view, it only has a
series of dates that cover the part from Unit E (AL VI) to Unit H (AL
I1). The dates obtained from Unit E ¢.80.0-83.2 ka give us a reference
ante quem of the lower part of the sequence and allow us to make
some conjectures.

The first episode, Unit A (AL IX), was part of the bed or bar of the
ephemeral stream. It is difficult to infer its attribution on a temporal
and especially isotopic scale. It can be correlated by the ~8-10m
height of the deposit to other terraces that have been estimated to
correspond to the Late Pleistocene. These terraces include the Tuéjar
river terrace, T5 of 10-15 m (Martinez-Gallego, 1987), which is part
of the drainage basin of the Rambla de Ahillas and the lower Turia,
level Il of 5-10 m (Carmona, 1982; Pérez-Cueva, 1985).

According to the available data, this unit corresponds to a
torrential flood under arid climatic conditions with a decrease in
vegetation cover and an increase in erosion and consequently an
increase in sediment production. It is suggested that aggradation
probably occurred during the cold stadials of MIS 5. A period of

aggradation of the fluvial systems in the Iberian Range and in other

Mediterranean localities has been identified during stadial 5d (Soria-
Jauregui et al., 2016), perhaps also the case of Abrigo de la Quebrada.
Subsequently, calcium carbonate cementation processes oc-
curred, giving rise to a petrocalcic horizon, which is a common
advanced-phase calcic horizon in Pleistocene alluvial records from
Iberia (Lopez-Campuzano et al., 2007; Roquero et al., 1999), usually
found in arid or semi-arid environments (Soil Survey Staff, 2015).

After a sedimentary interruption, Unit B (AL Vlllc and b) was
formed by debris contributions, as well as by episodes of alluvium
from the ephemeral stream. The energy is less in these episodes
relative to those before. The layout of the deposit suggests that the
rockshelter was not part of the main channel of the ephemeral
stream. This is an episode, unlike the previous one, where more
evidence of human activity is found.

This is followed by Unit C (AL VIlla). As we have pointed out in
the previous section, its formation and evolution are complex, as
several processes are involved. First, cold environmental conditions
led to frost-shattering processes that produce abundant clasts, some
of large size, as well as some collapse of the rockshelter roof,
resulting in a change in the morphology of the site. Then, as the
topography of the basal units shows a slight slope, there were certain
displacements caused by the effects of thawing and solifluction
processes, and it is in this episode that we locate the Neanderthal
occupations in the rockshelter. From an environmental point of view,
conditions have eased and in some areas of the rockshelter, even
calcretes are produced by the biological activity of cyanobacteria. By
way of correlation, perhaps this last environmental episode could
already be linked to a more benign interstadial period of MIS 5.

Next, there is an episode of stability and biostasis that led to a
significant growth of carbonate concretions in the rockshelter roof;
this would be in line with the wetter and probably more temperate
conditions of the interstadial period, which could be correlated with
the tuffaceous records located in the Iberian Range, especially those
recorded in the valley of the Ebron river, a tributary of the Turia river
dated between MIS 6-MIS 5180-100 ka (Sancho et al., 2015), or it is
also correlated with the formation of speleothems in the northern-
most part of the Iberian Range such as the Grutas del Cristal (Teruel,
Spain), in which the greatest growth of these formations would occur
between 110 and 100 ka related to MIS 5c¢, a warm period (Moreno
et al., 2013). After this episode of stability and biostasis, Unit D (AL
VIl) formed, characterized by a second collapse from the roof that led
to a change in the morphology of the rockshelter and caused a mass
displacement of the detrital material. Then, sedimentary deposition
slowed based on evidence of increased biological activity, particularly
plant roots and a proliferation of gastropods, in an environment with
a tendency to ambient humidity. Human activity decreases in relation
to the previous unit.

From there, and especially in the sectors furthest from the
rockshelter wall, there are different alluvial accumulations from the
Rambla de Ahillas, Unit E (AL VI). Higher energy marks the initial
episodes with erosional contact present, although there is a
dominance of fine-grained particles and little presence of cobbles.
The localized MU indicate that this phase of aggradation was
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TABLE 4 Synthesis of the Late Pleistocene evolution of the Abrigo de la Quebrada.
Unit i:zglaeologlcal Pedosedimentary and anthropic processes Palaeoenvironment  Dates MIS Age
Alluvial: bar/channel bottom. CaCO3 Arid. decreased
A IX accumulation -petrocalcic horizon. > MIS 5 (d?)
. vegetation cover
No human occupation
B VIIIb/VITIe Local debris and Alluv1a1 episode. (Less) (Less) arid MIS 5
CaCOs3 accumulation
Gelifraction, overhang roof collapse and
C Villa solifluxion. Laminar crusts - calcrete. Cold (arid to humid) MIS 5
Human occupation (combustion features)
[ T 7 Shortbiostasy - episode of growthof T T T
carbonate precipitation on the roof of the Humid and warm MIS 5
oo ... Tockshelter (in form ofspeleothem) _ ___ ___ . ___ . _.
D VII Qverhang roof collapse, mass TemPerate (arid to MIS 5
displacement/pedogenesis humid)
Alluvial (granodecrescent sequence). MU.5 Temperate and
E VI and MU.6- flash flood. MU.7-MU.14. - low increased rainfall. 80.0 + 4.7 ka MIS 5a
energy, receding waters. MU.15-MU.18.- Increased vegetation  83.2+ 5.4 ka
floodplain. No human occupation cover
[ T T T T T T T  Boundary.
e R e MISSMIS4
- Temperate (to more
F A% Muddy ﬂoyv and the beginnings of arid conditions) >47.1k 14C a BP MIS 4
pedogenesis or
lefus.e mn9ff (raquall).vPedogenesm - Temperate (to humid ~ 43.9 % 0.7k 14C a BP MIS 4/3
G v organic horizon-, biostatic stage. Important "
. . conditions) >51.6k 14C a BP
human occupation (combustion features)
. . Cryogenesis and gelifluction. Cold (to humid 40.5 + 0.5k 14C a BP (IIT) MIS 4/3
Human occupation (combustion features) conditions) >50.8k 14C a BP (III)

Note: The dashed lines show proposed episodes not recorded in the sedimentary fill. The MIS age have been based on LR0O4 stack of marine benthic

foraminiferal 5180 data (Railsback et al., 2015).
Abbreviation: MU, microunit.

characterized by flooding events that resulted in the deposition of
fine material from reduced flow velocities typical of a vegetation
covered area. The top of the Unit E functions as a floodplain with
certain stability in the environment. The resulting conditions would
be temperate and with higher rainfall. This episode would be dated
between 80.0 £4.7 and 83.2 + 5.4 ka, which would place it chronos-
tratigraphically around MIS 5a. At Cueva Anton in the Mula Valley
(Murcia, Spain), an alluvial accumulation episode is also situated in
MIS 5a and characterized by a warm climate and high rainfall
(Angelucci et al., 2018).

After Unit E, we propose an incision phase of the Rambla de
Ahillas, since after this episode, no fluvial accumulations are found in
the rockshelter. In some basins of the SE peninsular, a phase of river
incision has been attributed to the beginning of MIS 4 in the case of
the Aguas River in Almeria (Shulte, 2002) and to the MIS 4 itself in
the Mula Valley, Cueva Antén (Angelucci et al., 2018). Soria-Jauregui
et al. (2016) proposed for the upper River Ebro (northern Iberian

Peninsula) that river incision would occur in phases of climatic
transition from glacial to interglacial conditions and vice versa. Based
on all these data, we speculate as a hypothesis that this episode was
chronostratigraphically located in the transition from MIS 5 to MIS 4.

After a period of sedimentary interruption in the Abrigo de la
Quebrada, Units F (AL V) and G (AL IV) accumulate, which stand out
for their pedogenetic evolution with a redistribution of carbonates
and an amorphous organic accumulation of vegetal origin that is
mixed with the remains of human activity, mainly in Unit G. The
environmental conditions would have been temperate, with periods
of oscillating humidity. This is indicative of environmental stability
typical of a biostasis phase. The dates obtained place these units at
around 43.9k 14C a B.P. and >51.6k 14C a B.P., which, although not
precise, are chronostratigraphically located in MIS 4 or MIS 4/3. In
the upper Turia basin, specifically in Gestalgar, 45 km from the site, in
a deposit corresponding to an alluvial fan that crowns the T1 terrace

of the valley, an illuvial clay horizon (Bt) is located in level II, dated by
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thermoluminescence at 45 and 46ka and attributed to MIS 3
(Fumanal, 1996). This indicates that around this time, there
were phases of stability that allowed the development of soils in
the Pleistocene records. To all this, we must add that in Unit G, there
are bone remains of the Mediterranean tortoise (Testuto hermanni).
There are also some indications of their presence in MIS 4/3,
although they were mostly present in the Iberian Peninsula during the
Last Interglacial (Morales Pérez & Serra, 2009; Real et al., 2021).

From Unit G onwards, an erosional contact is observed in some
sectors and the environmental conditions worsen considerably, as
determined in Unit H, dated at 40.5k 14C a B.P. and >50.8k 14C a
B.P. (AL Ill). There are episodes of frost shattered clasts and
gelifluction that would be associated with cold oscillations. The
dating, as in Unit G, does not offer a good resolution; however, it
could also be placed in MIS 4/3. In any case, in the absence of a set of
dates, we believe that the inferred paleoenvironmental data are
insufficient to make any chronostratigraphic approximation for Units
G and H. We are further limited by few specific records for MIS 4 in
Iberia that can offer a view of this period (Mallol et al., 2019). It
should also be added that the geoarchaeological study carried out at
the nearby Abric del Pastor (Alcoi, Spain), located in MIS 4 and the
beginning of MIS 3, does not reflect any paleoenvironmental
differences either, with evidence of generally cold conditions (Mallol
et al., 2019). In any case, what we can suggest is that these units
correspond to contrasting paleoenvironmental conditions: Unit G (AL
IV) corresponding to a more temperate, interstadial phase and Unit H
(AL 1lI-11) corresponding to a colder, stadial phase. These units may
perhaps already be located at the beginning of MIS 3, as character-
ized in different proxies by rapid climatic changes (D'Errico &
Sanchez-Goni, 2003) and reflected in different chronostratigraphic
proposals of this isotopic stage (Railsback et al., 2015; Rasmunssen
et al,, 2014).

6 | CONCLUSIONS

The stratigraphic sequence offered by the Abrigo de la Quebrada
represents an excellent record of the beginning of the Late Pleistocene
in the upper basin of the River Turia in the Iberian Range. For this
reason, Abrigo de la Quebrada, apart from contributing to the
archaeological knowledge of the Neanderthal occupations in this area,
also becomes an indispensable witness from the geoarchaeological and
geomorphological points of view of the evolution of the Rambla de
Ahillas ravine and, in short, of the Turia river.

A relevant aspect of the Rambla de Ahillas ravine evolution is the
incision of the ephemeral stream, between Unit E (AL VI) and F
(AL V). This in fact preserved the site from later erosive actions and
contributed, from our point of view, to the fact that human
occupations were more recurrent at the site, since it would have
made the ravine a much more accessible route.

The site can be described as an alluvial terrace in which a water

flow dynamic has been detected, with intermittent floods alternating

with debris from around the rockshelter. In addition to these
processes, the retreat of the rockshelter roof along the sequence
favored postdepositional dynamics and soil formation. It is during
these biostasis phases, with a tendency toward stability, that human
occupations increase, while at the same time, they have a
palimpsestic nature due to the slow burial of the surfaces of the
occupation, as is the case of Unit G (AL IV). In some MU of this same
unit, the formation of carbonate laminae has preserved anthropo-
genic features in the sedimentary fill.

Discontinuities are reflected throughout the stratigraphic record.
There is a more contrasting paleoenvironmental variability from a
microstratigraphic point of view in the upper units (Units F, G and
H)—MIS 4/3—especially in the more temperate Unit G (AL IV) and in
the cooler Unit H (AL Il and II). On the other hand, the lower units
(from Unit A to Unit E)—MIS 5—are generally temperate, except for
Unit C (AL Vllla), where there is evidence of cold. However, the
phases of most active morphogenesis are located in the lower units
of the record. These phases of active morphogenesis are more closely
related to the alluvial dynamics of the ephemeral stream.

In short, we believe that a geoarchaeological and microstrati-
graphic vision can be another tool to understand the interaction of
geogenic and anthropogenic processes at the site and can provide
not only the evolutionary history of the sedimentary record but also
of its immediate surroundings, contributing to more detailed
knowledge of the modus vivendi of the Neanderthal communities
that inhabited the Ahillas ravine.
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