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Abstract: The Abric Romani rock-shelter contains a 20 meters deep sequence with abundant anthropic occupations dated to
40-70 Kyrs. The top of the sequence wasfirst excavated and documented by Amador Romani. The uppermost archaeol ogi-
cal level, A. Romani’s Layer 2 (Level Aof the current stratigraphic nomenclature), contains an Upper Paleolithic assembla
geln this geoarchaeol ogica work the stratigraphic position of Level Ais discussed, through the presentation of the NW stra-
tigraphy and the results from micromorphological analyses. The paper aso reconsiders A. Romani’ s documentation. New
data alow usto strengthen his hypotheses on the characterization of the Middle and Upper Paeolithic boundary. The clear
chronostratigraphic framework available for level Aalows usto suggest a correlation between the continental sedimentary
record of Romani site and the globa chronostratigraphic and palaeoclimatic record derived from ocean and ice cores.

K ey words. Oxygen Isotopic Stage 3, Dansgaard-Oeschger events and cycles, aeolian dust, micromorphology, midd-
le-upper Paleolithic boundary, Abric Romani.

Resumen: El Abric Romani contiene una secuencia de 20 metros de espesor datada entre 40-70 Ka con ocupaciones
antrépicas. El techo de la secuencia fue documentado y excavado por Amador Romani. El primer nivel arqueol 6gico,
lacapa2 de A. Romani o nivel A delaactual estratigrafia, contiene industrias del Paleolitico superior. Este trabajo de
investigaci 6n geoarqueol égico discute la posicion estratigrafica del nivel A con la presentacion de la estratigrafiade la
seccion NW y los andlisis microscopicos de |os sedimentos muestreados. Pero también se apoya en la documentacién
de A. Romani donde se recogen meticulosamente diferentes aspectos de la capa 2 o nivel A. De esta forma, conside-
ramos que sus esquemas estratigraficos perduran en la caracterizacion del limite Paleolitico Medio y € Superior.
Finalmente, presentamos una serie de hipotesis de trabajo para caracterizar la transicion entre el paleolitico Medio y
el Superior en la escala del sistema deposiciona y el modo de registro microestratigrafico. Esto nos lleva a la expli-
cacién de mecanismos sedimentarios registrados. Destaca la presencia de particulas edlicas, dentro de la sedimenta-
cién carbonatada dominante, en el relleno de pie de cornisa del abric Romani. El cuadro cronoestratigréfico bien desa
rrollado y disponible para €l nivel A ayuda a sugerir conexiones entre el registro sedimentario continental de Abric
Romani y € registro paleoclimético y cronoestratigréfico global de sondeos marinosy glaciares.

Palabras Clave: Estadio isotopico 3, eventosy ciclos Dansgaard-Oeschger, particulas edlicas, micromorfologia, limi-
te paleolitico medio y superior, Abric Romani.
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1. Foreword

Abric Romani is a large rockshelter located in
the northeastern part of the Iberian Peninsula, 50
km west of Barcelona (figure 1). It forms part of
the travertine cliff at the right side of the Anoia
river, 310 meters above the Mediterranean sea
level. The stratigraphic sequence is about 20
meters deep. The archaeological levels are found
between 40-70 Kyrs within dated U/Th travertine
beds (Bischoff et al., 1988; Carbonell et al., 1994).
The uppermost archaeological Level A date to the
early Upper Palaeolithic (UP). Level B is the most
recent Mousterian Level (MP). Briophitic biocon-
struction were partly responsible for the sedimen-
tation of levels A and B near the travertine cliff.

Radiocarbon analysis of charcoal remains using
Accelerator Mass Spectrometry (AMS), has pro-
vided a radicarbon date for the basal Aurignacian
Level of about 37 = 2 ka (Bischoff et al., 1994).
Uranium-series analysis by Alpha Spectrometry
(AS) and Mass Spectrometry (MS) has provided a
calendar date for the carbonates of 43 + 1 Kyrs
(Bischoff et al., 1994). MS results from the best
sample above the Aurignacian bed indicate a cal-
endar age of 42.6 + 1.1 Kyrs (figure 2).

2. Stratigraphic overview and sampling

Much information on the MP-UP transitiona
boundary at Abric Romani has been accumulated
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Figure 1. Geographic and geologic location of the Abric Romani (Capellades, Anoia, Barcelona) in the NE of the Iberian Peninsula.
Legend of the geological framework of the Capellades area (Benzaquen et al. 1973; Pedn et al., 1975). 1, Plutonic Rock. 2, Palaszoic.
3, Mesozoic. 4, Comenozoic. 5, Quaternary travertine. 6, Quaternary undifferentiated. 7, anticline. 8, syncline. 9, thrust fault. 10,

reverse fault (?). 11, fault.

Figura 1. Stuacion geogréfica y geoldgica del Abric Romani (Capellades, Anoia, Barcelona) en el NE de la Peninsula Ibérica.
Leyenda del contexto geoldgico de la region de Capellades (Benzaquen et al. 1973; Peon et al., 1975). 1, rocas plutonicas. 2,
Paleozoico. 3, Mesozoico. 4, Cenozoico. 5, travertinos cuaternarios. 6, Cuaternario indiferenciado. 7, anticlinal. 8, sinclinal. 9, enca -

balgamiento. 10, falla inversa. 11, falla.
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Figure 2. Location of sedimentary samples in square Q/R57 and chronological framework.

A. Cross section drawn by A. Romani at central zone and Coveta Nord, including archaelogical levels (Bartroli et al., 1995). Note the
well excavated by A. Romani (pou Romani) and the topographic variation between Coveta Nord and the central zone.

B. Simplified topographic cross section at south and central zone (i-i") of sampled and dated context for the Mousterian-Aurignacian
boundary in Abric Romani (LevelsA and B). AR-1to AR-6 are the positions of geochronological samples (Bischoff et al., 1994). Best
chronological U/Th date: 42.6+0.4 for travertine bed atop Level A (Bischoff et al., 1994).

C. Field sketch and description in square Q/R57, in the Intern Dripping depositional system of centimetric or flat puddles, near
the wall shelter. 1, microkarstified and cemented fine and coarse clastic sediment. 2, bryophyte bioconstruction. 3, cemented fine
clastic sediment. 4, cemented sand and gravel. Level B. 5, microkarstified and cemented fine and coarse clastic sediment. 6, two
bryophitic bioconstructions separated by a sandy scar. 7, cemented sandy-silt. Level A. 8, two bryophitic bioconstructions sepa-
rated by asilt scar.

D. Microstratigraphic units identified in a thin section continuum of Q/R57 core-log (see table 1).

Figura 2. Stuacion de las muestras del cuadro Q/R57 y marco cronoestr atigrafico.

A. Seccion dibujada por Romani en la zona central y en la coveta norte. Emplazamiento de los nivel es arqueol 6gicos con la nomen -
clatura de Romani. Destaca la referencia del pozo Romani y la posicién topogréfica distinta de la coveta norte y la zona central.

B. Seccidn topogréfica de la zona simplificada en la zona sur y central (i-i") del limite Paleolitico medio - Paleolitico superior (nive -
les Ay B) y su detallado contexto geocronolégico. AR-1 a AR-6 indican la posicion de las muestras datadas (Bischoff et al., 1994).
C. Descripcion de campo en e cuadro en Q/R57, en el sistema de deposicion de goteo interno con charcos centimétricos. 1, clastos
finos y gruesos cementados y microcarstificados. 2, bioconstruccion de musgos. 3, clastos finos cementados. 4, Arenas y gravas
cementadas. Nivel B. 5, clastos finos y gruesos cementados y microcar stificados. 6, dos bioconstrucciones de musgos separadas por
una cicatriz de arenas. 7, limoarena cementados. Nivel A. 8, dos bioconstrucciones de musgos separadas por una cicatriz de limos.
D. Unidades microestratigraficas (UM) establecidas en laminas delgadas en continuo del muestreo en Q/R57.
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through the years. This boundary wasfirst noted and
studied at the beginning of the 20th century by
Amador Romani (Bartroli et al., 1995). With time,
the accumulation of data on the MP-UPlimit yield-
ed diverging views according to the different phases
of archaeological investigation in the site (Campillo
et a., 1999; Girat & Julia 1996; Mora 1988; Ripol
& Lumley 1965; Vaguero 1992; Vidal 1911).

During 1997, due to the expansion of the excava
tion area along the NW section, a deposit laying
above the stalagmitic floor was found near the traver-
tinewall in P41 square (figure 3 A). The discovery of
this remnant of the stratigraphy linked with abundant
sedimentary data from these levels alowed one of us
(I. Arteaga) to begin a graduate thesis project. In
1998, field description and sampling of the sediments
in squares Q/R57 (figure 2) and P41 on the NW sec-
tion (figure 3) were performed.

The present stratigraphic study of the MP-UP
transition at Abric Romani starts from spatial dis-
tribution related issues in those areas where the
sedimentation processes enabled clear definition of
the UP record (Q/R57), versus other areas where
stratigraphic distinction was less clear (P41).
Moreover, the stratigraphic study attemptsto estab-
lish a dynamic geoarchaeological research frame-
work for the Abric Romani sediments based on
continuous feedback between microscopic sedi-
mentary analysis and field description. Nine large
format thin sections (13 x 5 cm) were prepared at
the Soil Science laboratories of the University of
Lleida; description was done according to the ter-
minology established by Bullock et al., (1985).

3. Results

3.1 Sratigraphic sequence of MPand UP boundary

New data derived from better stratigraphic pro-
files, NW section in figure 3, together with previ-
oudly available information allows usto look deep-
er into the geoarchaeological nature of the MP-UP
transition at the Abric Romani. In thisway, we have
identified two different depositional systems at the
top of the Abric Romani sequence (figure 3 C): an
Internal Dripping depositional system (ID) and an
External Filling depositiona system (EF). The lat-

ter is characterized by a dominant presence of
Mixed Siliciclastic and Carbonated Silt (MSCS). In
the ID depositional system, pure carbonate materi-
als prevails and, for this reason, the detection of
MSCS material isrelatively easy.

The ID depositional system is formed by stro-
matolite domes with decimeter deep puddies near
the drip line impact zone. During the formation of
Levels A and B, these deep drip line puddles were
filled with clastic sedimentary facies (figure 3 C).
The cultural remains are accumulated onto a
palimpsest context. Towards the wall of the traver-
tine cliff, the dome formation mentioned above
shapes flat surfaces composed of shallow centimet-
ric puddles, which contain Mousterian and
Aurignacian occupations clearly separated by non-
anthropic layers (figure 3B). This zone of the ID
environment is characterized by an imbrication of
bioconstructions and clastic sediments, including
rare to occasional Mixed Siliciclastic and
Carbonatic Silt (MSCS). It is worth noting the
occurrence of anthropogenic materials during the
clastic sedimentary phases. The bioconstructions
are the main component of the non-anthropic sedi-
mentary layers delimiting the human occupations
of this zone, and thus providing a good distinction
of MP and UP boundary.

3.2 Microstratigraphy of the MP-UP transition at
Abric Romani

Extensive sampling of LevelsA and B in square
Q/R57 was carried out in order to correlate a pro-
file displaying clear stratigraphic differentiation
with another profile, in P41, in which differentia-
tionwas difficult. Initially, the P41 |og posed a sed-
imentary problem similar to the excavation of M39
square, in which it was not possible to locate nei-
ther Romani’s layer 2 nor Level A of the current
stratigraphy (Vaguero 1992). This problem was
already mentioned by Amador Romani in hiswork
at Coveta Nord, where he documented a low num-
ber of Aurignacian finds (Bartroli et al., 1995).
Romani proposed two possible classifications for
Layer 2 at the Coveta Nord: Aurignacian or
Magdalenian (Bartroli et al., 1995). Moreover, he
indicated the presence of significant anthropogenic
and paleobiological transformations at the EF con-
tact or layer 1. one human remain in association
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Figure 3. Location of sedimentary samples in square P41 and chronological and stratigraphic framework.

A, current profile (i’ -i) upper NW section, in B, within the planigraphic context of Amador Romani’s Level 2 (Bartroli, et al., 1995)

and position of the sampled sedimentary context.

B, current upper NW section of Abric Romani. a, travertine wall and roof. b, travertine boulders. c, stalagmite-stalagtite (flowstone)

formation. d, main contact of MP-UPsedimentary contextsin well defined-zone. Selected dates: Level A @ after Bischof et al., (1994),

and Level B@ after Bischoff et al., (1988).

C. Field sketch and description in square PA1. ID, Internal Dripping depositional system of deeper or decimetic puddlesin drop zone.

EF, External Filling. 1, stromatolite bioconstruction. 2, red sand and gravel, with charcoal fragments, lithic and faunal remains. 3, red

sandy silt with lithic and faunal remains. 4, red coarse silty sand with few anthropic remains. 5, red clayey silt with recent bioturba-

tion.

D. Microstratigraphics units identified in athin section continuum of P41 core-log (seetable 2).

Figura 3. Stuacién delas muestras sedimentarias en el cuadro P41y su contexto cronoldgico y estratigréafico

A. Stuacion del perfil estratigréafico (i’-i) de la seccion NW, en B, dentro de la representacion planigréfica del nivel 2 de A. Romani

(Bartroli et al., 1995).

B. Parte actual superior de la seccion NW del Abric Romani. Leyenda: a, travertino de la cornisa del abrigo; b, bloques de traverti -
no de cornisa; ¢, estalagminta-estalactita; d, contacto sedimentario entre el nivel del Paleolitico medioy el Paleolitico superior en la
zona bien diferenciada del Abric Romani.

C. Descripcién de campo en el cuadro P41. 1D, sistema de deposicion de goteo interno en charcos profundos. EF, sistema de deposi -
cion derelleno externo. Leyenda: 1, bioconstruccién estromatolitica; 2, arena grava roja, con carbones, industria litica y restos fau -
nisticos; 3, limoarena roja con industria litica y restos faunisticos; 4, arena gruesa y limos con pocos fésiles; 5, limoarcilla roja con

bioturbaciones recientes. .

D. Unidades microestratigraficas (UM) establecidas en laminas delgadas en continuo (enlaza con tabla 2).
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Table 1. Synthetic micromorphological description of the Microstratigraphic Units (MU) QR57 samples,
with depositional characterisation and palaeoenvironemental interpretation.
Tabla 1. Resumen de las unidades microestratigréaficas de las muestras de QR57.
Caracterizacién del dep6sito y su interpretacion ambiental.
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with pierced malacofauna (filled with Layer 1 sed-
iment or MSCS of EF depositional system), pig-
ments, and Upper and Middle Palaeolithic industry.
To thislist, we must add the presence of carnivore
activity evidenced by hyena coprolites.

Despite the evidence above, microscopic analy-
sis of the P41 samples has not provided any sign of
anthropization at the contact with Layer 1. Thus,
the P41 sample is relatively independent from the
anthropic and palaeobiological evidence at the
Coveta Nord described by Romani (Bartroli et al.,
1995). We interpret this observation as these loci
sharing the same pal aeotopographical setting with-
in the cavity (figure 2 A). In this way, we have
traced a clear correlation between P41 and Q/R57
in terms of anthropic impact on the sediment, pale-

oenvironment and depositional sedimentary condi -
tions. This correlation, which is outlined below,
indicates that the anthropic record, formalised by
Levels A and B, is located within the ID deposi-
tional system.

In order to illustrate the microstratigraphic
analysis, we have displayed the Microstratigraphic
Units (MU) in figures2 D and 3 D, and structured
ageneral approximation of the study intables 1, for
the Q/R-57 sequence, and table 2, for the P41 sam-
pled sequence. The analysis of microfacies features
and depositional characters (including postdeposi-
tional modifications) allow us to infer, for particu-
lar archaeological levels, environmental implica
tions previously observed in the field and from the
analysis of large format thin sections.
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Table 2. Synthetic micromorphological description of the Microstratigraphic Units (MU) P41 samples,
with depositional characterisation and palacoenvironmental interpretation.
Tabla 2. Resumen de las unidades microestratigréficas de las muestras de P41.
Caracterizacion del depdsito y su interpretacion ambiental.
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321lLevel C

Level C, centimetric Microstratigraphic Unit Il
(MU I1) at the log sampled in P41 (table 2 and fig-
ure 3 D) liesin unconformity between two stro-
matolithic bioconstructions. These bioconstruc-
tions, MU | and Il (figure 3 D) indicate moisture
in the cavity (Kahle 1977) (table 2). The sparitic
cementation of bioconstruction layer overlying

Level C (MU Il in table 2 and microphoto 1 in
figure 4), represents a slightly colder and humid
episode (Vogt 1974) (table 2). However,
anthropization in Level Cislinked to adrier, cold-
er episode, as indicated by the presence of surface
frost and by fragmentation of the bioconstructions,
as well as by the rare to occasional presence of
externa MSCS input (MU Il in table 2 and
microphoto 2 in figure 4).



3.22Level B

Level B, centrimetric Microstratigraphic Unit
[11 on the Q/R57 log is constituted by cemented
sand and silt, with weakly weathered bryophyte
bioconstruction (MU 111, table 1 and figure 2 D).
Fragmentation of the wall is documented in field
descriptions with the presence of fine gravel (fig-
ure 2 C, in 4). Although there are no traces of frost
on the surface, cliff humidity recorded in the clas-
tic weathered sedimentation indicates seasonal
humidity variation. There are signs of aeolian
activity, but with rare siliciclastic components and
afew, weakly corroded carbonated silts. The basal
Microstratigraphic Unit 11 is highly porous, associ -
ated with strong endolithic weathering, and it indi-
cates a warmer, more humid phase (Courty 1986)
(table 1, MU I1). Microstratigraphic Unit 1V, over-
lying Level B, comprises an increase in humidity,
which entails limited mecanical fragmentation.
This, added to a lack of micritization leads us to
interpret a hydric circulation model with colder
temperatures (table 1, MU 1V) (Courty et a.,
1994).

In the P41 decimetric Microstratigraphic Unit
IV (table 2), there is a strong anthropic impact
limiting its microstratigraphic correlation with
unit 111 from Q/R57. This unit displays a signifi-
cant sedimentary record featuring anthropogenic
processes (figure 4, microphoto 3). Regarding the
use of space, a diachronic formation of anthro-
pogenic facies was found evidenced by a dis-
placement of sediments overlain by sediment
modification due to trampling. The environmen-
tal and depositional interpretation for microstrati-
graphic correlation of the units is hampered by
the anthropic modification of the natural sedi-
mentary processes, especially among the
anthropic facies indicating sediment displace-
ment. In any case, the sedimentary constituents
composed by gravel and sand indicate fragmenta-
tion processes during relatively dry conditions by
seasonal contrast. Such conditions are also
recorded in the sediments through a slight
increase of siliciclastic materials and occasional
microaggregated carbonated silt. Nevertheless,
there is no evidence of transformation by surface
frost asin unit IV from Q/R57, in which Level B
has been clearly delimited.
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3.2.3 Level A.

Level A in Q/R57 is characterised by centimet-
ric Microstratigraphics Units VI and VII (table 1
and figure 2 D). Presence of gravel and sandy silt
and awell-devel oped laminar microstructure (table
1, MU VI) register a strong fragmentation of the
cliff. Mixed Siliciclastic and Carbonatic Silt mate-
rials (MSCS), forming well-developed laminar
microstructure, with frequent to common non-
weathered carbonated silt are occasionally present
(table 1, MU VII). Therefore Level A registers fea-
tures reflecting an increase in cold environmental
conditions, which are responsible for the fragmen-
tation and postdepositional evolution of the micro-
laminar structure (Vliet-Lanoé et a., 1984). These
environmental patterns are complemented by an
increasein dry conditions, favouring fragmentation
in the form of carbonated silts, as well as in an
increase in the input of MSCS materials.

In the P41 sequence, Microstratigraphic Unit V
is centimetric and registers noticeable anthropic
modifications, though not interfering significantly
with the natural processes (MU V, table 2). Thisunit
directly overlies the anthropic facies of MU IV,
Level B, though thereis an important change in the
nature of the sedimentary facies (table 2). It is com-
posed of small gravel with abundant dlightly weath-
ered carbonated silts and occasional siliciclastic
silts (figure 4 microphotos 4 and 5). Moreover, the
postdepositional transformations of these con-
stituents register a significant frost activity.
Microlaminar structure iswell developed here (fig-
ure 4, microphoto 4). Thus, unit Vexhibits the same
textural and postdepositional features observed for
MU VI and VII in Q/R57 (table 1). These features
allow usto follow a sequence of increasingly cold-
er and drier environmental conditions.

3.2.4 The microstratigraphic record between the
Internal Dripping (ID) and the Externd
Filling (EF) sedimentary contact

The transition of the depositiona system rup-
ture is represented by Microstratigraphic Units V1,
VII, VIl inthe P41 log (figure 3 C and D and table
2). Units VI, VII and VIII represent the end of the
ID environment. These units are characterized by
sedimentation of weathered sand and small gravel
from the cornice wall. Shattering is limited due to
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the shortening of the wet/dry cycles caused by the
high humidity of the cliff. Similarly, an increase of
humidity favours the increase of bioconstructions
on the cornice. Thus, we propose that this coarse
sand is the by-product of disaggregation caused by
the growth of bioconstructions on the cornice. The
sedimentation of this coarse sand along the basal
stretch of unit VI is rapid, since the fine fraction is
practically absent. This humid phase, featuring
sedimentation of coarse sand, allow us to note that
laterally, towards the wall, the sedimentary
processes comprise bioconstructions. Thus, it is
possible to propose the microstratigraphic correla
tion of this unit VI of P41 with MU VIII from the
Q/R57 samples. The latter features a bryophyte
bioconstruction with a strong sparite cementation
(see MU VIl in table 1).

In microstratigraphical units(MU) VIl and V111
from P41, the cornice coarse sand deposition
slowed down, a process which is also manifested
by the presence of well-developed postdeposition-
a transformations (table 2). These units contain
MSCS with abundant carbonated silts, suggesting
dlightly drier conditions and an increase in cold
temperatures. The increase of colder temperatures
at the top of the ID depositional system is recorded
with the variation of spongy microstructures that
shift vertically towards microlaminar structure
(figure 4, microphotos 6 and 7; and table 2, MU
VII to VIII). We interpret the presence of features
indicating rapid percolation and creeping in MU
VIl as a sign of important postdepositional trans-
formation by processes of freeze/thaw and struc-
tural collapse (table 2) (Vliet-Lanoé 1985). In this
way, MU VIII yielded alow sedimentation rate in
the cave filling rather than sedimentary input from
the cliff and cave wall. We propose this VII and
VIII UM a posterior sedimentary record that the
last near wall dated bioconstructions of Romani
sequence. The evolution towards poor drainage
conditions, which exaggerates the humidity factor
in the sampled zone, mask the dry conditions of
sedimentary formation process. Such an evolution
indicates that the decimetric puddles formed during
the ID sytem were filling. This is clearly seen in
their stratigraphic position according to field
descriptions.

Microstratigraphic Unit 1X contains the sedi-
mentary facies corresponding to the EF deposition-

al system (figure 3C), with very dominant MSCS
material. These facies indicate that the input from
the cave cornice is limited by the presence of dry
environmental conditions. However, the presence
of water is recorded through intercalations
(microphoto 8 in figure 4) and microlaminar struc-
ture, indicating superficial frost activity
(microphoto 9 in figure 5) (Vliet-Lanoé et al.,
1984). The sedimentary components composed of
dominant MSCS show the prevalence of aeolian
sedimentation generated by strong winds that accu-
mulate many siliciclastic silts containing rare to
occasional heavy minerals.

3.3 Nature of the Mixed Siliciclastic and
Carbonatic silts (MSCS)

Two groups of MSCS materials are recogniz-
able in the stratigraphic record. Those materials
related to the EF depositiona system is coarser,
with aless carbonatic content, and a many silicate
minerals and heavy mineras (figure 4, microphoto
8). The ID sedimentary depositional system,
MSCS materials are richer in weakly weathered
carbonates (figure 4, microphoto 5). The origin of
the silty components identified in the Abric
Romani sequence is poorly known. However it is
probably associated with Pleistocene glacial mor-
phogenetic land processes in the Anoia valley
(Gallart 1981; Gallart 1991). In the ID sedimenta-
ry sequence, MSCS silts are associated with frost
features (mainly ice lensing) and particularly with
shattered bioconstructions (table 1, in microestrati-
graphic unitsV, VI or Level A). Thisfragmentation
to gt particle sizes suggests a probable local
source for the carbonatic silts.

The two groups mentioned could be related to
two different sources: alocal one, in the surround-
ings of the travertine cliff, which would provide the
aeolian inputs of the ID system, and a more hypo-
thetical distant source that would form the EF
depositional system.

The origin of MSCS materials in the EF depo-
sitional system is more problematic and requires
more detailed analysis. The entrance of the caveis
oriented towards the Penedés Basin. We might sug-
gest that the Penedés depression is the source area
of the aeolian input identified in the sequence,
although it does not conform to eastern dominant



winds (Gallart 1981). Studies on loess sedimentsin
the NE of the Iberian Peninsula suggest that aeo-
lian deposition played a role during the Late
Pleistocene in coastal depressions and littoral
ranges in the Mediterranean (Solé Benet et a.,
1988; Solé 1961; Solé et a., 1957; Virgili 1960).
Recent investigations in the Ter Valey (Girona)
show the occurrence and significance of loess for-
mations that were differentially reworked after
deposition (Micher et al., 1991). The weak repre-
sentation of loess sediments in the Pleistocene
stratigraphy and in the geologic maps of the region
was strongly debated during the 1960s, especially
for the littoral and pre-littoral continental
Quaternary formations (Virgili 1960; Butzer 1964).
Finaly, aeolian materials recorded in lakes during
the last glacial cycle in Central Italy have shown a
North African origin (Narcisi 2000).

The location of the Capellades travertine cliff at
the contact between the Ebro Basin and the
Prelittoral Range, suggests that geographic relation-
ships have amore continental trend than alittoral or
pre-littoral one. In thisway, the aeolian record at top
of Romani sequence is hardly comparable by its
geographical position with the mentioned littoral
and pre-littoral models of loess sedimentation.

3.3.1 Environmental interpretation of MSCS

The depositional system of the EF has been
palaeoclimatically and depositionally interpreted in
different ways (Bischoff et al., 1988; Carbonell et
al., 1994; Mora 1988; Ripoll & Lumley 1965). The
microscopic evidence from the P41 core-log,
together with complementary evidence from
square $45 (not included in this data presentation),
have shown a dominant MSCS components. The
pal aeoclimatic interpretation is also clear, given the
existence of well developed frost transformations
(figure 4, microphotograph 9). The observed fea
tures, such as absence of the coarse components
derived from cliff fragmentation, lead usto suggest
that this sedimentary record represents a cold, dry
climatic episode (table 2, in microstratigraphical
unit 1X). On the other hand, the low degree of
weathering of the carbonate fraction indicates rapid
burial, which is characteristic of a high sedimenta-
tion rate, at least for the sampled parts of EF depo-
sitional system or MU IX (figure 3 C).
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4, Discussion

Theidentification of the ID depositional system
in Level A was one of the results of integrating
fieldwork and sedimentary microscopic analysis. It
relies on the good resolution obtained on samples
collected from the sedimentary context of sector
QR/57. Observation of the spatial distribution at
the sampled filling suggests that the P41 sector rep-
resents the same depositional system as Q/R-57
square-sector (figure 2 A). Thus, we think that the
anthropic record of the Coveta Nord, where
anthropic and carnivorous activities were found in
an EF context (Bartroli et a., 1995), is part of
human occupations younger than thoses of Level
A. Therefore, we think that only one UP archaeo-
logical levels is present in the current preserved
sedimentary record of Abric Romani.
Microstratigraphic characterisation of the UP at
Abric Romani in the ID context, which is consistent
with the geochronological datum (Bischoff et al.,
1994), isan indicator of the ancient age of Layer 2,
or Level A.

Sudden changes of sedimentary facies, which
we explain as corresponding to some of the abrupt
climatic changes within OIS 3, were observed in
the sampled microstratigraphic sequences. The
results, as well as the types of depositional systems
recognised, may refer the evidence to two different
scales of palaeoclimatic record.

4.1 Palaeoclimatic significance of the imbrication
between bioconstructions and clastic sedi -
ments with MSCS components in the ID depo -
sitional system.

The interpretation of microfacies sequence has
critical restrictions, being a qualitative approach to
palaeoenvironmental studies. Nevertheless, it is
possible to sketch a working hypothesis for
explaining the imbrication of bioconstructions and
clastic sediments with MSCS materials in the 1D
environment. We may refer to the literature on
Greenland ice cores and North Atlantic deep sea
cores (Bond et al., 1993; Bond & Lotti 1995;
Dansgaard et al., 1993; Voelker et a., 1998), which
can help us to explain the moisture fluctuations
recorded in the depositional sedimentary cycle of
Levels C, B andA at Abric Romani. On theselines,
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Burjachs & Julia (1994) interpreted pollen data of
mainly part of the stratigraphic sequence as abrupt
climatic change.

OIS 3 was characterised by abrupt climatic
events, which are recorded in both ocean and ice
cores (Handel, 1997). Abrupt climatic changes are
represented by cold and by dry events (Dansgaard-
Oeschger events), with a duration in the order of
hundreds to thousands f years, and temperate
events (Dansgaard-Oeschger cycles), spanning
from one to three millennia. Dry events modulate
the record of the cold phases just before glacia
increase. In our hypothesis, we correlate the imbri -
cation of bioconstructions and clastic with MSCS
components of the ID environment with the abrupt
climatic changes evidenced by Dansgaard-
Oeschger cycles and events. We explain the
increase of MSCS components as dry events pre-
ceding cold events. Cold events are represented by
clastic sedimentation from cliff fragmentation as
well as by postdepositional modifications of the
deposit caused by frost action.

4.2 Climatic change between the Internal
Dripping and the External Filling depositional
system

The environmental features of the ID system,
between Levels A and B at Abric Romani, are
known in detail thanks to palynological studies
(Burjachs & Julia 1996). Pollen data obtained for
the transitional zone between the Mousterian and
Aurignacian attributed this sequence when
favourable environmental conditions began to be
harsh (Burjachs & Julia 1996). U/Th dating of the
top (calendar 42.6 = 1.1 Kyrs of MSin Bischoff et
al., 1994) and of the bottom of Level A (calendar
43.8 + 1.5 Kyrs, sample 105, Bischoff, et a., 1988)
has provided a date for the unit towards the middle
of the Dansgaard-Oeschger cycle 12 (Bond et dl.,
1993). The last phases of the ID depositiona sys-
tem in Abric Romani are dated at an averagein cal-
endar age of 40.8 + 1.5 Kyrs U/Th (sample 100, in
Bischoff et al., 1988; Burjachs & Julia, 1994)
which would correspond to the end Dansgaard-
Oeschger event 12 (Bond et al., 1993).

Units VI, VIl y VIII do not show any evidence
of the depositional cycle of moisture variation
recognised in the sector Q/R57 sampling.

Particularly, unit V1 is characterised by the input of
loosely packed sand coming from the shelter wall.
Units VII and VIII from sample P41 are notewor-
thy for the development of postdepositional modi-
fications due to frost action and rapid water perco-
lation, which denote moisture increase in the local
depositional setting of the sampled area. The
increase of MSCS inputs in Microstratigraphic
Units VIl and V111 isnot very high, but the contrast
between a significant micritisation and the enrich-
ment of unwesathered, well-sorted carbonate silt in
these facies is outstanding. The data allow us to
determine that burial processes were slow. Thereis
evidence of redistribution by water of thetravertine
sand fallen from the roof, during humid phases of
the depositional cycle, and of the carbonate silt of
the cave filling during the dry and cold phase of the
cycle. Theformation process observed in these MU
VIl and VIII may be caused by the intense frost
shattering of bioconstructions and indicate, as a
working hypothesis, their correlation with the pos-
terior uppermost bioconstructions dated of the
stratigraphic sequence.

The evidence of wetting and drying represented
by gravel formation from the cliff, is absent in the
upper part of the P41 ID sequence. This suggests
that the wetting and drying of the wall islow, with
ahigher stability of the cliff. This may be explained
either as an effect of the higher duration of dry con-
ditions, or as an absence of water, or else as an
increase of freezing. The latter isalso evident from
the observation of postdepositional modifications
of the microstratigraphic units. Temperature
decrease modifies the depositional cycle, forming
abundant autochthonous carbonate silt that is easi-
ly redistributed by creeping and percolation during
thawing. Microstratigraphic units of the upper part
of the ID environment may be interpreted as an
increase of dry environmental conditions because
of temperature decrease indicated by laminar
microstructure in UM V111

The absence of chronometric dating and pollen
analysis for the EF depositiona system limits the
interpretation of the uppermost portion of the
stratigraphy. According to our hypothesis, that is
that Microstratigraphic Units VII and VIII may be
posterior to amost dated recent bioconstructionsin
the end of Dansgaard-Oeschger cycle 12. The dis-
continuity inside Microstratigraphic Unit I X, in the



P41 samples, is not known, as no dating is avail-
able for this part of the sequence.

But, the three Microstratigraphic Units contain-
ing MSCS materials have been observed in the P41
sedimentary record. MSCS with rare to occasional
siliciclastic material while carbonate silts dominant
arein the two lower nits, namely Level A (UM V)
and MU VIII (table 2 and microphoto 4 and 7 in fig-
ure 4). Thethird unit, MU IX in the EF depositional
system which contains many siliciclastic material.

In the North Atlantic ocean core Dansgaard-
Oeschger events corresponds to a peak (or sub-
peak) in the quantity of lithic input (Bond & Lotti,
1995). On this line our hypothesis, which corre-
lates global phenomena with the regional atmos-
pheric circulation, may also be interesting for the
understanding of the OIS 3 palaeoclimatology and
aeolian activity in continental sedimentary records.

Consequently, we propose a hypothesis which
starts with the chronostratigraphy of the upper part
of the Abric Romani sequence. We relate the
Dansgaard-Oeschger events, associated with
Bond's peaks and subpeaks, to those
Microstratigraphic Units containing significant
guantities of MSCS.

Calendar ages from U-series dates of Abric
Romani and age layer counting in Kyrs (GISP2)
correlated with marine #*C ages of the North
Atlantic cores (Bond & Lotti, 1995; Voelker et al.,
1998) show that Level Aand bioconstructions at top
of Romani sequence dated in 40.8 + 1.5 Kyrs limit
the boudary of DO cycle 11-10. In this case, the
sedimentary record of units VIl and VII1 from P41
core log would represent a DO event 10-9 record
(figure 4 C). The aeolian sedimentation in unit 1X
would also be related to the lithic peak correspond-
ing to the Heinrich event 4 or interstadial 9-8.

We may observe that the climatostratigraphic
hypotheses suggest that the Heinrich event 4 and the
shift from the ID to the EF environment may to be
broadly contemporaneous. As aready stated by
Giralt & Julia (1996) the end of dripping deposition-
al system suggests an important opening of the land-
scape caused by a marked hydrological regime of
the travertine cliff in the Capellades area. Therefore,
the EF environment may be interpreted as the cli-
max of the long term cooling cycle spanning
between the Dansgaard-Oeschger cycles 12 to 8
(Bond et al., 1993). In the end of thiscycle asignif-
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icant lowering of the sealevel took place, with sub-
sequent variation of hydrological systems. Cacho et
al., (1999) have detected the Heinrich event 4 in the
Alboran Sea with an radiocarbon age model around
39 Kyrs. BP. Voelker et al. (1998) correlated the
marine radiocarbon ages of the Heinrich event 4 in
the Nordic Seawith the GISP2 calendar age isotope
record in chronological interval of 38-39 Kyrs BP

5. Final remarks

The present geoarchaeological study has been
developed in order to articulate the sedimentary
context of the human impacts related to the MP-UP
boundary at Abric Romani and to suggest a hypo-
thetical palaeoenvironmental model for the litho-
logical interpretation of this part of the sequence.

One of the results, which had already been estab-
lished thanks to the dedicated research conducted at
Abric Romani in previous years, is the antiquity of
the UP documented by Amador Romani (Straus et
al., 1993; Straus 1996; Carbonell & Vaquero 1996;
Zilhao 2000). The Aurignacian of the Romani
sequence, Level A of the current nomenclature, is
placed in the context of an Internal Dripping deposi-
tional system, before the onset of a main phase of
loess deposition, during the cool an dry External
Filling system. The chronological and lithological
datafor the Aurignacian of Romani sequence show
the Upper paleolithic occupation during a cooling
maximum of the 12 interstadial (Voelker et d., 1998).
The occurrence of this climatic degradation is gener-
alized for the Early Aurignacian in caves of SW of
France (Lévéque 1997). L oess deposits characterize
the depositional system of early UP findingsin Italy
(Cremaschi 1990). This interpretation is supported
by anumber of interdisciplinary data: U/Th and **C
dating (Bischoff et al., 1988; Bischoff et a., 1994),
pal aeocenvironmental studies (Burjachs & Julia 1994;
Burjachs & Julia 1996, Giralt & Julia 1996) and
archaeology (Carbonell et ., 1996; Vaquero 1992).

Microfacies analysis permits us to develop a
hypothetical model of lithological interpretation,
than can be related to the global climatic record.
Hence we can suggest that the Abric Romani
sequence is composed of continental sediments
whose features link the record of the site to global
phenomena and climatic changes know from ocean-



28 Arteaga et al. (2001). Rev. C&G, 15 (1-2)

ic and ice cores. Nevertheless, we are aware of the
restrictions linked to the interpretation of natural

and anthropic sedimentary formation processesin
continental environments and, more so, in archaeo-
logical sites. We think that Abric Romani may con-
stitute a good case study for analysing the paleoen-
vironmental evolution in the Mediterranean region
(Burjachs & Julia 1994). We have tried to charac-

terize the palaeoenvironmental significance by
imbrication of bioconstructions and clastic sedi-
ments with Mixed Siliciclastic and Carbonatic Silts
in the ID depositional system, and of the MSCSiin
the External Filling environment. At a microstrati-
graphical level, we propose that these mix aeolian
components and clastic sediments may relate to the
Dansgaard-Oeschger events, which correspond to
subpeaks in the Bond framework. At general strati-
graphic level, we a so propose a chronostratigraph-
ic correlation between the Heinrich 4 and the onset
of the Externally Filling depositional system.

The chronostratigraphy of the aeolian activity
recorded in the Abric Romani sequence can be use-
ful for the establishment of a general chronology of
the Plei stocene aeolian morphogenetic processesin
the Anoia valley and NE of the Iberian Peninsula
(Gallart 1981, 1991; Mir & Salas 1979; Solé 1961,
Solé et al., 1957; Solé Benet et d., 1988; Virgili
1960). Layer A suggest high diversity of thermal
habitats exploited by anatomically modern humans
during the Early Upper Paleolithic (42.6 Kyrs) in
NE of the Iberian Peninsula close to «so called»
Ebro Frontier (Vega 1990; Villaverde, V. &
Fumanal, P. 1990; Zilhao 2000)
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