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ABSTRACT

Carrion, J.S., 1992. Late Quaternary pollen sequence from Carihuela Cave, southeastern Spain. Rev. Palacobot. Palynol., 71:

3777,

This study forms part of an interdisciplinary research project, the aim of which is to provide a regional palaecoecological
sequence suitable for inter-regional comparisons. Carihuela Cave is a major archaeological site in the Granada province of
eastern Andalusia. It falls within the Upper Mesomediterranean bioclimatic belt, lies at 1020 m a.s.l. and has a northerly
aspect. An overview of the background of archaeological, palacontological, sedimentological, and geochronological research
at the cave 1s followed by a presentation of new palynological data from its Pleistocene deposits. The sediments contain Middle
Palaeolithic artefacts and are of exogenous origin. Samples for pollen analysis were taken from five stratigraphical sections
and a pollen diagram was drawn up for each. Correlation of these permitted two synoptic diagrams to be constructed, with
the exclusion in one of them of Asteraceae pollen other than Artemisia and Centaurea.

Wiirmian vegetation fluctuated between an arboreal type indicative of a mild climate and a herbaceous type suggestive of
cold, dry conditions. Marked expansion of Pinus in one stage coincided with slight expansion of mesothermophilous taxa. For
the first time in the Iberian Peninsula, there is evidence for the existence of a last glacial warm oscillation characterized by
Mediterranean vegetation. Juglans regia and Castanea sativa pollen, associated with mild/warm episodes during the Pre-Wiirm.,
Eo-Wiirm and Middle Wiirm, support the interpretation of these as autochthonous Western Mediterranean species. Arid
climatic crises are marked by abrupt increases in Artemisia or Poaceae, with occasional over-representation of entomophilous
Asteraceae.

Correlations are proposed between the Carihuela sequence and other palacoclimatic findings. The sequence shows correspon-
dence to marine oxygen-isotope stages 2-5, i.e. to the first three Wiirm stadia, as well as to other regional stratigraphical
records. There is a complex interpleniglacial period, very similar to the Wiirmian interstadial described from the Aquitanian
Basin. The Carihuela pollen zones correlate well with the sedimentary sequence. The chronostratigraphical interpretation
supports the long survival of the Mousterian in the south of the Iberian Peninsula.

Introduction

As part of a long-term research project involving
integration of data from many sources with the
aim of establishing a regional palaeoecological
sequence appropriate for wider geographical com-
parisons, the palynological analyses of the Pleisto-
cene deposits at Carihuela Cave (Pinar, Granada)
formed the bulk of my doctoral dissertation (Mur-
cia University, 1990). Excavation of Palaeolithic
deposits commenced in 1954-1955, with the dis-
covery of Neanderthal bones in three layers of
sedimentary refill and of an anatomically modern
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man associated with Mousterian artefacts (Spahni,
1955; Garcia-Sanchez, 1960; Lumley, 1969). Holo-
cene deposits were studied by Pellicer (1964). H.T.
Irwin and R. Fryxell (Washington State Univer-
sity) and M. Almagro (Universidad Complutense,
Madrid) conducted subsequent excavations, of
which only preliminary reports have appeared so
far (Almagro et al., 1970; Garralda, 1970).

In 1979 an interdisciplinary research project was
set up between the Universidad Complutense of
Madrid, the Consejo Superior de Investigaciones
Cientificas at Madrid, and the Institut du Quater-
naire at Bordeaux. The palynological analysis pre-
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sented here forms part of the project. It is
important because: (1) The cave lends itself to the
evaluation of palaeoclimatic conditions on account
of its high altitude, northerly aspect, strongly
continental surrounding terrain, exogenous sedi-
mentary components and proximity of deposits
analyzed at the entrance. (2) Compared to most
archaeostratigraphical records, that at Carihuela
covers a long period, namely the last Quaternary
climatic cycle. (3) Most of its lithostratigraphical
units can be studied in at least two sections.
facilitating multiple correlations and avoiding
problems caused by absence of palynomorphs in
parts of the sedimentary refill. (4) The eastern
Andalusian region where the cave lies is one of
the least-studied regions of the Iberian Peninsula
as regards palaeopalynology. Previously the most
important station analyzed was the Padul peat bog
in the foothills of the Sierra Nevada (see Fig.1)
(Florschiitz et al., 1971; Pons and Reille. 1988).

This study concentrates on the Pleistocene
deposits with Middle Palaeolithic artefacts. Holo-
cene deposits, together with transitional ones of
uncertain correlation, will be considered in a sepa-
rate paper.

Geographical location and cave description

Carihuela Cave lies at 1020 m a.s.l. on the
northern slopes of Monte del Castillo, Pifiar. some
45 km northeast of Granada, at N 37°26'56".
W 3°25'47" (Fig.1). The R. Pifiar valley opens
towards the north with small rounded hills of marl
and marly limestones. The area is bounded by four
tectonic masses: to the west the Loja-Granada
depression, to the north the Jaén ridges. to the
east the Guadix-Baza-Huéscar depression. and to
the south the Sierra Arana. This last feature is
separated from the Sierra Nevada by the Genil
and Darro river valleys (Fig.1).

The cave opens onto a rocky scarp formed by
the Pinar fault on the northern face of Monte del
Castillo, a calcareous hill of some 50 ha formed
of Lower Jurassic limestones. Small dolines and
very worn lapiaz covered by rubifacted clays are
the principal exogenous karstic features. The cav-
ern runs for 300 m, of which only the first third
has been explored archaeologically. Most galleries
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Fig.l. Location of Carihuela Cave (Granada, Spain).

and passages have a high roof running N-S or
NW-SE (Fig.2). Weathering has affected the
entrance overhang and adjacent walls.

Samples for pollen analysis were taken from the
“Entrance Area” (AE) and the Main Chamber
(CIII); Figure 2 shows the locations of the corre-
sponding sections. Most CIII sediments are derived
from the entrance and the sedimentary lavers dip
strongly inwards from it. Chamber IV (CIV). on
the other hand, contains sediments of mixed origin.
those from the main entrance (mainlv Pleistocene)
blending with others which entered via the chimney
that breached Chamber V in the final Upper
Pleistocene and Holocene.

Climate and vegetation cover

The cave lies in an area of continental Mediterra-
nean climate. The nearest meteorological station,
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POLLEN SEQUENCE FROM CARIHUELA CAVE, S.E. SPAIN
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Fig.2. Longitudinal section from Carihuela Cave showing the
situation of the main chambers, passages and stratigraphical
sections.

at Iznalloz, has a mean annual temperature of
12.7°C and rainfall of 574 mm. Phytoclimatology
places the area in the Upper Mesomediterranean
belt with a dry ombroclimate, although the nearby
Supramediterranean belt has some influence. Bio-
geographically 1t belongs to the Betic Province,
Subbetic Sector (Rivas-Martinez et al., 1977;
Rivas-Martinez, 1987).

The vegetation around the cave is in an advanced
state of degradation, caused mainly by over-
grazing and over-intensive use of the deepest soils
for growing poplars, almond trees, vines and cere-
als. Climax vegetation corresponds to a Quercus
rotundifolia forest rich in geophytes such as Pae-
onia broteroi or Helleborus foetidus, sometimes
accompanied by Quercus faginea. These forests are
present only in patches near Iznalloz. Much more
common 1s “‘chaparral” with thickets of Quercus
coccifera, Crataegus monogyna, Cytisus reverchonii,
Asparagus acutifolius, etc. Below 700—-800 m ever-
greens are accompanied by thermophilous species
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such as Pistacia lentiscus, while above 1200-
1300 m spiny shrubs such as Echinospartium bois-
sieri and Erinacea anthyllis increase. In the Sierra
Arana above 1800 m an open vegetation occurs
with, for example, Pinus sylvestris, Juniperus
sabina, Juniperus communis and Genista longipes.

Lithostratigraphy and palaeontology

Stratigraphical and sedimentological studies
were undertaken by Vega-Toscano et al. (1988) on
the sections from CIII, which correlate well (Fig.3).
Most of the bony remains were identified by Ruiz-
Bustos and Garcia-Sanchez (1977). 12 lithostrati-
graphical units were established, of which the three
uppermost only appear as traces, being better
represented in CIV; they are still under investiga-
tion, problems of correlation notwithstanding.

Unit XII i1s the lowest yet reached; its sandy
clay is rich in organic matter and altered stalag-
mitic crusts. It seems to correspond to a humid
thermal optimum. Unit XI is peaty clay containing
pseudomycelia of calcium carbonate and gravels.
Sand and gravel increase in and after XI-8, no
doubt a consequence of weathering of both roof
and walls: the picture is one of gradually deteriorat-
ing climatic conditions.

Unit X comprises abundant blocks and angular
clasts in a sparse, clayey silt. Unit X is mainly
pebble-sized clasts in a clayey sand matrix. X and
IX are characterized by Equus, Cervus, Bos, Micro-
tus nivalis and Allocricetus bursae. A pronounced
cooling is indicated. Unit VIII comprises small
gravel in sand with nodular concretions and some
limestone pebbles. Allocricetus and Microtus nivalis
are less common and some warming may be
inferred. Subunit VIIb marks the onset of harsher
conditions and decreasing temperatures. Lime-
stone pebbles and blocks alternate with sandy
clays. Cryophilous species such as Allocricetus
bursae characterize the microfauna. Subunit VIla
comprises several calcium carbonate levels in
sparse sandy clay, the whole being sealed by a
stalagmitic layer.

Unit VI appears in CIII as organic silty clays
containing charcoal, scattered calcareous concre-
tions, bones, lithic materials and recent bioturba-
tion. In CIII AE Section 1, it comprises a more
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POLLEN SEQUENCE FROM CARIHUELA CAVE. S.E. SPAIN

sandy matrix. Equus and Bos decline as Cervus,
lagomorphs and carnivores (Canis, Ursus, Pan-
thera, Vulpes, and Crocuta) rise. Allocricetus gives
way to Microtus arvalis. The picture is one of a
return to temperate conditions.

Unit V follows a period of marked erosion that
1s particularly pronounced at the entrance (AE).
It comprises angular clasts which recall periglacial
weathering (Butzer, 1964). Microtus arvalis
becomes more common. A very cold, dry climate
may be inferred. Unit IV contains clays and gravels
with powdery concretions. There are hints of
slightly warmer, moister conditions. In the Main
Chamber (CIII), Unit IV is capped by a complex
stalagmitic crust.

Archaeology and geochronology

Figures 10 and 11 list the stratigraphical changes
in Mousterian variants. They fall into his Typical
Mousterian—Charentian complex, which predomi-
nates in eastern Andalusia and southeastern Spain.
The technique indices are homogeneous, showing
only random variations throughout the sequence.
All the series are non-Levalloisian, with a facetted
striking-platform technique (Vega-Toscano, 1988,
1990). A “Mousteroid” industry without leptoli-
thic transformation (Middle Palaeolithic s.1.) char-
acterizes the uppermost levels.

Many thermoluminescence dates” were deter-
mined at Birmingham University on burnt flint
from the Washington State University excavations
(Fig.4). They show a time-span of some 70,000
years, similar to that which must have elapsed
between Units IV-XI (Vega-Toscano, 1988). The
precise stratigraphical correspondence of each is
hard to assess because the excavation records refer
to the nature of the material and industrial typol-
ogy. Moreover, thermoluminescence-dating was
still at an experimental stage when the first two
series were investigated (Fremlin, 1974; Goksu et
al., 1974). Fremlin’s chronological assessment was
based on samples collected entirely from CIII
Section 1, whereas Goksu et al. (1974) reported
on samples from all three sections in CIII. Both
series were modified in H. Gdoksu’s subsequent
thesis (unpublished), after technical problems had
been resolved (Fig.4, Table I). It seems that a
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Fig.4. Several thermoluminescence dating series from Carihuela
Pleistocene deposits. For explanation see paragraph “‘Archaeo-
logy and geochronology™.

systematic error made the first dates published
younger than they are now interpreted to be.

Palynological methods

Sampling was undertaken from vertical strati-
graphical profiles, as indicated for archaeological
deposits by Girard (1975). Samples were taken
from CIII Sections 1, 2 and 3, which encompass
sedimentary Units XII to IV, although absence of
pollen in Units VI' and part of VII made it
necessary to sample some sections at the Entrance
Area, particularly those corresponding to the
aforementioned units in CIIT AE Sections 1 and
3. Palynological study of lithostratigraphical Units
XII and the lowermost part of XI has not yet been
possible because both sections are sterile, although
it 1s hoped that future excavations, aimed at investi-
gating older Palaeolithic industries, may extend
the cuttings in area and depth sufficiently for
palynology to be possible. It is also likely that the
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TABLE 1

J.S. CARRION

Thermoluminescence dating series from Carihuela Pleistocene deposits in accordance with H. Goksu (thesis, unpublished). B-date:
were modified from Fremlin (1974). TB-dates were modified from Géksu et al. (1974). All the materials were previously burnt

Sample No. Tl estimated age Sample No. TL estimated age
(yr. B.P.) (yr. B.P.)
B6 20,200+ 1200 TB-1 39,400 + 2000
B43 21,100+ 1300 TB-2 28,000+ 1000
B44 37,350+ 2200 TB-3 57,700+ 2500
B46 82,500 +4900 TB-5 33,000+ 1200
B47 20,950+ 1200 TB-6 20,200 + 3000
B48 13,400 + 600 TB-7 13,600 4800
B49 49,200 + 2500 TB-8a 80,000
B52 19,300 4+ 500 TB-8b 27.000 41000
B53 68,000 + 1800 TB-9a 58,800 + 2000
B54 42,400 + 1500 TB-12 27,400 £+ 1000

lower units of the Entrance Area may contain
palynomorphs.

For each Section studied a pollen diagram has
been drawn. Black dots indicate percentages less
than 2%. Number of samples per section, distance
separating them, metric scale of reference, and
stratigraphical position are shown in each diagram
(Figs.5 to 9). A synoptic pollen diagram has also
been drawn up: CARIHUELA 1 (Fig.10). It takes
account of stratigraphical correlations (Fig.4),
which are corroborated by the pollen spectra
obtained in the various strata. In calculating syn-
optic pollen diagram CARIHUELA .2 (Fig.11),
Asteraceae pollen grains have been excluded from
the pollen sum (other than of Artemisia and Cen-
taurea) because this group is presumed to be over-
represented, owing to factors specific to the deposi-
tional site and to factors in the production and

TABLE II

dispersion of entomophilous Asteraceae pollen
This matter has been repeatedly discussed (Bot:
tema, 1975).

Samples not included in the synoptic diagram:
(Figs.10 and 11) and those correlated with them
are shown in Table II. Spectra 27-32 from Fig.*
were replaced with 10-23 from Fig.6, because theis
related Units VIII, IX and X were pollen:
analytically more reliable in CIII Section 1 thar
in CIII Section 2, where vertical mixing or down-
wash of pollen by percolating water seems more
likely. With regard to the Subunit VIIb, spectr:
24, 25 from Fig.6 and 2, 3 from Fig.7 were selectec
because of their more accurate stratigraphy. Al
these samples served as controls for connecting
the separate diagrams and comparing poller
spectra from different sectors within the cave
Pollen percentages from the same bed, but fron

Excluded and correlative pollen samples in the synoptic diagrams CARIHUELA 1 (Fig.10) and CARIHUELA 2 (Fig.11) and it:

litho- and palynostratigraphical relationships

Excluded Section Correlative Section Lithostratigraphy Pollen zones
samples samples
(No.) (No.)
27 CIII2 10-13 CHI'1l X-1 \%
28 Clll2 14-19 CIII | IX-1 U
28-32 CIIL2 20-23 CIII | VIII-4,3 T
5 CHl3 24,25 CIII 1 VIIb-6,7 S1
26 W 111 2.3 CIIl3 VIIb-3.,4 S2
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different sections, tend to show some variation,
although this is always below 10% for the main
types (e.g. Pinus, Poaceae, Asteraceae) and no
vertical or lateral pattern can yet be established.

Laboratory methods followed the classical
chemical method (Dimbleby, 1957), modified to
optimize palynomorph concentration by densimet-
ric procedures (Girard and Renault-Miskovsky,
1969). Pollen and spore identification was per-
formed by comparison with the reference collection
of the Plant Biology Department at Murcia Uni-
versity. Counting involved all spores and pollen
within an entire preparation by regularly spaced
columns within it. In total 67,622 palynomorphs
were counted, excluding those unidentified and
non-vascular cryptogam diaspores. The number of
pollen types varied between 8 and 48, 66 taxa
being recognized in all. Percentages of indetermin-
able pollen were not systematically calculated.
Nevertheless, as a general rule, preservation was
better in those strata showing processes of calcre-
tion such as Subunit VIIa. The peaty, moist sedi-
ment below the Unit X contained as much as 40%
of deteriorated pollen, whereas mainly well-
preserved pollen were observed in samples from
the uppermost, drier levels (e.g. Unit V). On the
other hand, no relationship was apparent between
samples containing higher proportions of Astera-
ceae and those with poorly preserved pollen.

There are lingering doubts over i1dentification of
some pollen groups. The majority of pine pollen
are believed to belong to a small sized morphotype
(Pinus nigra, more probably Pinus sylvestris),
although some from Zone R (Fig.8) might be
attributable to Pinus halepensis. As regards Quer-
cus, almost all palynomorphs seem to correspond
to Quercus rotundifolia and Quercus coccifera.
Ephedra distachya type also refers to Ephedra
nebrodensis and the Ononis, Lotus and Plantago
lanceolata types correspond to those described by
Moore and Webb (1978). The Anthemideae type
includes the sum of the Anthemis, Aster and Bidens
types of Moore and Webb (1978). The Cardueae
type includes the Carduus, Cirsium and Serratula
types of the same authors. Finally, the Cichori-
oideae type includes all echinolophate pollen
grains.
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Description and interpretation of pollen zones

Division into local pollen zones and subzones is
based on variation in pollen percentages in terms
of the context of the sequence established by
correlations (Fig.4). Characteristics of each pollen
zone are deduced from both partial (Figs. 5-9)
and synoptic pollen diagrams (Figs.10 and 11):
they show the same palynostratigraphy in CARI-
HUELA 1 (Fig. 10) and CARIHUELA 2 (Fig.11).
Anthemideae, Cardueae and Cichorioideae types
are considered relevant in percentage terms in the
zonation, although their exclusion (CARIHUELA
2, Fig.11) accentuates fluctuations of other impor-
tant components. The following descriptions and
percentages are derived from this diagram.

Zone Z

Characterized by high percentages of Artemisia
(44-82%), decreasing latterly. Poaceae (10-25%)
are well represented. Frequent presence of Alnus,
however, may be related to neighbouring growth
in wet locations, particularly beside the river
Pinar — formerly much nearer the cave. Other
thermophilous taxa occur in low proportions
(Quercus, Phillyrea).

Zone Y

Artemisia decreases sharply to below 5% while
Pinus rises to above 83%. Both evergreen Quercus
and Olea europaea were 1mportant and were
accompanied by Quercus faginea, Phillyrea and
Ericaceae. Appearance of Juglans regia is note-
worthy on account of its palaeobiogeographical
significance.

Zone X

Conditions characteristic of the end of Zone Z
return. Landscape is open, dominated by Artemisia
(25-38%) and Poaceae (17-27%) with a greater
relative presence of Pinus (34—-40%). Ephedra dis-
tachya type attains its highest value (5%) along
with Plantago lanceolata type (2%), Chenopodia-
ceae, Rubiaceae, Ephedra fragilis, etc. Quercus,
Olea, Phillyrea, Juglans and Alnus disappear.
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Zone W

There 1s an important fall in Artemisia to less
than 4%, and a general increase of Pinus (47-80%)
and AP (68—-86%). In W1 pollen spectra indicate
a pine forest with gradual incorporation of Medi-
terranean elements (Quercus, Olea, Phillyrea, Ephe-
dra fragilis) and deciduous trees (A4lnus, Betula).
In W2 the Pinus forest opens up and there is an
expansion of vegetation dominated by Quercus
ilex-coccifera (4%), Olea europaea (7%), and Phil-
Iyrea (2%) with other taxa such as Juglans regia,
Salix, Pistacia, Buxus and Ericaceae also present.

Zone V

Characterized by fluctuations of Pinus (15-90%)
and Poaceae (3-67%), the former tending to fall,
the latter to rise. Artemisia is no longer relevant,
as grasses now dominate the herbaceous compo-
nent. In VI an 1nitial decrease in Pinus is followed
by a rise (15-48%), while the opposite holds for
Poaceae (36-67%). Noteworthy in Subzone V2 is
a maximum in the Pinus curve (90%). difficult to
interpret given the lithological features of Unit X.
[t is highly improbable that the pollen was contem-
porary with the sediment. In Subzone V3 Pinus
(50%) and Poaceae (26-32%) achieve a similar
importance to that in V1. |

Zone U

Characterized by heliophilous forest of Pinus
(67-75%), with the lower stratum occupied mainly
by grasses, with sporadic presence of other arbo-
real and shrub-like taxa (Juniperus, Alnus, Betula.
Buxus). Some woody thermophilous elements dis-
appear, such as Quercus, Olea and Phillyrea.

Zone T

In this period Pinus forest cover became more
closed, particularly towards the end (93%). There
1s a greater diversity within AP: Quercus ilex-
coccifera type and Juniperus are constant; Quercus
faginea, Betula, Juglans, Olea, Phillyrea and Erica-
ceae occur occasionally; Corylus and Lonicera
appear for the first time. The woodland field-layer

J.5S. CARRION

must have been principally covered by grasses,
which tend to show a low pollen representation
when the forest canopy is closed (Heim, 1970).

Zone S

The most noteworthy feature of this Zone is an
overall rise in Poaceae (21-57%) and fall in Pinus
(31-58%). As in Zone V, these pollen types show
reciprocal variations. In S1 a steppe may have
existed, with scattered stands of Pinus. Rarely
present were Artemisia, Ephedra distachya type,
and Plantago. Attention should be drawn to the
massive disappearance of AP components, which
is significant in the case of Jumiperus which is
otherwise found in clear steppe phases. In S2, there
is partial recolonization of open areas by Pinus,
with expansion of Quercus faginea, Betula, Corylus,
Phillyrea and Juniperus. Subzone S3 shows Pinus
to have abated and Poaceae to be spreading.
Vegetation is once again open, although Artemisia,
Ephedra and Plantago fail to achieve the same
importance as in S1.

Zone R

Of note is the reappearance of Quercus ilex-
coccifera type (7-11%), at the same time as Olea
fluctuates from 19 to 45%, and Phillyrea is almost
always greater than 2%. This phase represents a
profound modification of the Carihuela area,
towards typically Mediterranean sclerophyllous
and thermophilous vegetation. A certain distortion
of the pollen spectra cannot be discounted, perhaps
due to the local over-representation of some taxa
(€.g. Olea, Brassicaceae): calcretion of the lithologi-
cal Subunit VIIa is consistent with filtration of
calcareous waters as the cave-roof karst deterio-
rated, allowing water to enter through cracks, with
possible introduction of diaspores into the pollen
spectra.

A vegetational mosaic seems likely: Pinus sylv-
estris and/or Pinus nigra on the highest ground:
torests of Quercus rotundifolia on the deeper and
sunniest soils; high matorral with Quercus coc-
cifera, Pistacia lentiscus, Phillyrea, Olea, Rhamnus,
and areas of broom of Genista, Cytisus or Retama:
Quercus faginea, Corylus avellana, Juglans regia

(A

(A

A
\

N |
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and Fraxinus ornus in gullies or on shady slopes;
riparian vegetation of Alnus, Betula, Ulmus, Salix,
Cyperaceae and Ranunculaceae; and a wide variety
of shrubs and pastures, etc.

Some elements (Pistacia, Phillyrea, Rhamnus)
could have been commoner than the spectra sug-
gest, to judge from their wusual under-
representation in surface-pollen analyses (Wright
et al., 1967; Van Zeist et al., 1968:; Heim, 1970).
Pollen identifications support the existence in low
numbers of Pinus halepensis, probably in the more
xeric environments, perhaps with Ephedra fragilis.

Differences between R1, R2 and R3 are mainly
based on variations in Pinus, which must have
been geographically very close to the typically
sclerophyllous formations.

Zone Q

Poaceae is the chief component (50-69%) fol-
lowed by Pinus (21-44%). As well as the greater
pollen representation of Asteraceae, mesophilous
and thermophilous taxa are present throughout
(Quercus, Olea, Phillyrea, FEricaceae, Betula,
Alnus). Variation between Ql, Q2 and Q3 affects
only the Pinus and Poaceae cover, and should be
treated with caution. Van Campo (1969) indicated
many factors which might influence in this phe-
nomenon, from the proximity of the producing
agent to a change in prevailing wind-direction.

Zone P

Pinus Increases to 93% with a reciprocal
decrease in Poaceae (4%) showing a return to
closed forest. Mesothermophilous elements (Olea,
Quercus, Phillyrea, Corylus) are still present.

Zone O

Pinus declines (22-55%) against a rise in
Poaceae (22-57%) and Artemisia (9-17%). Meso-
thermophilous taxa remain constant. Ulmus and
Fraxinus ornus appear in addition. Subzones Ol,
O2 and O3 are characterized by Pinus and Poaceae
oscillations. Artemisia is less abundant in Ol,
however, and Centaurea and Ephedra distachya
type are present in O3.
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Zone N

As in the initial phase Z, vegetation is now very
open and dominated by Artemisia, which attains
a maximum of 81%. Meanwhile Pinus drops to
below 2%. With the exception of Juniperus, there
are no more AP elements: other mesothermophi-
lous trees and shrubs fail to contribute to the
pollen spectra. The vegetation takes on the appear-
ance of the traditional Quaternary steppes of West-
ern Europe (Frenzel, 1987). In the lower strata,
Artemisia 1s accompanied by Poaceae, Centaurea,
other Asteraceae, Chenopodiaceae, Caryophylla-
ceae, Ephedra distachya type, etc.

Zone M

Artemisia begins to decrease to 27% and Pinus
slowly recovers to 17%. Poaceae are well repre-
sented. In contrast with the previous episode, there
Is now. partial substitution of Artemisia by grasses,
without any particular modification of the floristic
composition of NAP: Centaurea persists (2-3%),
Ephedra distachya type increases slightly (4%), as
do Chenopodiaceae and Caryophyllaceae. A
greater diversity is found in Asteraceae.

Zone L

Pinus 1ncreases, Artemisia decreases substan-
tially, while Poaceae shows slightly lower values
than in the previous phase. Whereas L1 is a
transitional zone, L2 is marked by a significant
rise once more in Pinus (45-65%), matched by a
great diversification of herbaceous and small shrub
communities. The predominant Poaceae (1637 %)
are accompanied by Artemisia (5%), Ephedra frag-
ilis, Geraniaceae, Linum, Plumbaginaceae, etc.
Reappearance of Quercus faginea, Salix, Myrtus,
Phillyrea, Buxus and Ericaceae is also noteworthy.
In L3 Pinus tends to decrease, varying around
40% "whereas there is some increase in Poaceae
(34-42%) and even in Artemisia (8-13%). In L4
many of the characteristics of L2 reappear,
although Pinus cover is less (50%). To the return
of Quercus faginea and Phillyrea must be added
Quercus ilex-coccifera, Olea, and Corylus, which
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had disappeared from the pollen spectra after
phase O.

Zone K

Represented by one pollen spectrum only, this
Zone 1s marked by characteristics similar to those
of Zone M. suggesting the onset of another impor-
tant steppic phase.

General remarks on the vegetational history and
palaeobotanical implications

The wvegetational evolution described above
reveals periods of woodland alternating with open
vegetation marked by scattered stands of Pinus
and Juniperus, the only AP taxa to appear with
continuous representation. Those stages with
marked development of Pinus (Zones Y, W, T and
P) coincide with a slight expansion in Mediterra-
" nean or sub-Mediterranean floristic elements. That
may be due to “chronological overlap™ of pollen
spectra. Sedimentary features of the units in ques-
tion and the geomorphology of the study-area
point to simultaneous development of Pinus
(locally abundant) and of Mediterranean forma-
tions in adjacent areas. Some studies, for instance,
suggest that altitudinal zonation during the last
glacial was much more marked than nowadays
(Bastin, 1970; Bernard. 1971). hence Mediterra-
nean communities further north might have devel-
oped close to undoubtedly periglacial regions. In
Zone R this sclerophvllous vegetation seems to be
of a local nature and shows great floristic richness.

Increase of conifer cover is less during U, S2,
02, L2 and L4, although only in S2, L2 and L4
are there signs of any resurgence of mesothermo-
philous taxa. Zones of open vegetation are domi-
nated by grasses (V1. S1. S3. Q. O1. O3. L1, L3
and K), by Artemisia (Z and N). or both (X and
M). That implies over-representation by other
Asteraceae, because otherwise they would be domi-
nant in V1 and V3 and codominant in Z, X, Q.
N, M, L3 and K. Usually these formations are
well diversified.

Different degrees of susceptibility to decay may
have contributed to the composition of pollen
spectra in Zones V, N and M. which show extraor-

dinarily pronounced values for Astcraceae. Of
course, pollen assemblages like these have nc
relation to any general pollen rain. It is more likels
that they are influenced by biotic transport. as

especially from bats (Sevilla, 1986). Simulia-
neously, other zoogamous pollen (e.g. Caryophyl-
laceae, Fabaceae, Lamiaceae) might have been
carried into the cave by bats and other animals,
such as raptors, carnivores, rodents and humans.
However, their overall percentage contribution is
unimportant.

From a palaeobotanical and palaecoecological
viewpoint, the sequence studied shows a most
important feature: predominance of Pinus in the
arboreal vegetation and marked variations in its
cover, Sometimes, its high pollen percentages sug-
gest a closed type of forest, although it must be
borne in mind that in fact oromediterranean for-
mations with Pinus nigra and Pinus sylvestris are
almost invariably open, with an impoverished
shrub-like and herbaceous stratum quite compati-
ble with a local over-representation of Pinus.

As mentioned above, it has not always been
possible to identify the Pinus species concerned.
Today, Pinus nigra has a more northeasterly distri-
bution, being dominant in the pre-Betic Sierra del
Segura, Sierra de Alcaraz and Sierra de Cazorla,
whereas Pinus sylvestris occurs close, in the Betic
Baza and Magina mountain ranges and the lime-
stone sector of the Sierra Nevada, and is not found
to the northeast until the mountain ranges of
Cuenca or Albarracin are reached, where both
species are present. Phytogeographical data sup-
port the local presence of Pinus sylvestris, a hypoth-
esis reinforced by the more continental nature of
the areas that the species occupies today. On the
other hand, Pinus nigra ssp. clusiana (southern
morphotype) has a wider ombroclimatic amplitude
and withstands summer dryness.

In any case, there is definite pollen evidence of
the existence, albeit in small numbers, of Pinus
halepensis in Zone R. Some Pleistocene pollen
analyses from southeastern France assign this
species a Mediterranean status (Bernard. 1971:
Renault-Miskovsky. 1972). although from the
Holocene it shows only an appreciable presence
(Vernet et al.. 1987).
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Other palacoecological problems arise from the
impossibility of differentiating Juniperus specifi-
cally and biotypically. Its pollen is rarely abun-
dant — they are often poorly preserved (Heim,
1970) — although continuously present. Other
studies, nevertheless, point to some affinity between
Juniperus and sclerophyllous taxa (Niklewski and
Van Zeist, 1970; Weinstein-Evron, 1976; Pons and
Quezel, 1985) or steppe environments (Birks,
1986).

The evolution of mesothermophilous floristic
elements at Carihuela suggests that climatic condi-
tions were very harsh over the period studied.
Nevertheless, 1t would be wrong to interpret their
disappearance as due to extensive migration,
although contraction of some populations may
have been appreciable during the periods repre-
sented by Zones S, N and M. Charcoal analyses
by Bazile-Robert (1979) in the south of France
have demonstrated how most Mediterranean and
sub-Mediterranean taxa persisted even during the
harshest Upper Pleistocene stages. Quercus rotundi-
folia was likely most abundant in the coldest
periods, whereas Quercus coccifera seems linked
to increases in Olea, Pistacia, Rhamnus, etc.

Abundance of Oleaceae in Zone R is note-
worthy. Literature consulted does not mention
comparable findings from the Western Mediterra-
nean for the period in question, except from Ligu-
ria, Italy (Cattani and Renault-Miskovsky, 1989).
Although Olea europaea var. sylvestris and Phil-
[yrea are frequent in thermo-Mediterranean Anda-
lusian ecosystems (Rivas-Martinez, 1987), some
over-representation due to local growth can be
assumed. On the other hand, firm data associate
Olea with good pollen dispersal (Van den Brink
and Janssen, 19835).

Presence of Juglans regia pollen and that of
Castanea sativa raises a long-standing question
concerning their possibly autochthonous nature.
Walnut 1s regarded in almost all botanical texts as
originating in Central Asia and southeastern
Europe and as having been introduced into the
Western Mediterranean for cultivation. Neverthe-
less, the time and manner of its introduction are
much disputed. Renault-Miskovsky et al. (1984)
ofter many palynological data from various deposi-
tional sites suggesting the presence of Juglans in
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Western Europe from Plio-Pleistocene to Holocene
times. In Spain, it is very rare in the Upper
Pleistocene, but commoner in the Lower or Middle
Pleistocene. At Carihuela, Juglans is found in early
and middle Upper Pleistocene phases Y, W2, T
and R. This is in accord with French findings of
its increasing scarcity in Wiurm II (Renault-
Miskovsky et al., 1984). Moreover, the Juglans
pollen distribution in the Carihuela sequence can-
not be explained away as due to contamination
by recent pollen.

As for chestnut, it is often presumed to come
from Asia Minor. There are, however, pollen data
which link it to Western Europe from Tertiary to
Holocene times (Renault-Miskovsky, 1972; Fol-
lier1, 1979; Oldfield and Huckerby, 1979; Huntley
and Birks, 1983). In Spain, it is abundant in
Guipuzcoa (Sanchez-Goiii, 1988) in the context of
Mousterian industries, as at Carihuela.

Palaeoclimatological reconstruction

It would be inadvisable to reconstruct past
climatic conditions at Carihuela from pollen dia-
grams only. The basic principles of Quaternary
pollen analysis (Birks and Gordon, 1985) and the
philosophical principle of methodological unifor-
mitarianism (Gould, 1965) are followed here,
although, given the high vegetational diversity
present in Mediterranean ecosystems, taxonomic
determination is hardly ever enough from an
autoecological viewpoint. Some studies point to
the former requirements, now different, of some
species or types of vegetation lacking modern
equivalents (Pons and Vernet, 1971; Kolstrup,
1980; Frenzel, 1987), hence it is necessary to invoke
complex climatic conditions that are no longer
present. It is therefore important to take note of
findings in cognate disciplines.

Carihuela pollen data can be fitted into the
climatostratigraphy of Vega-Toscano (1988). Cli-
matic ameliorations mainly correspond to forest
development, especially when the proportions of
Mediterranean elements increase. Periods of NAP
predominance are regarded as climatically harsh.
Nevertheless, the following points should be borne
in mind:

(1) Vegetational changes at Carihuela may be
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more sensitive guides to climatic processes than its
depositional lithogenesis. This greater sensitivity is
revealed by internal variations within the overall
climatic tendencies indicated by Vega-Toscano
(1988) for each lithostratigraphical unit. This is
clear in Units XI and VI, although it is hard to
elucidate the precise causes which intervened in
this faster vegetational response. In that respect,
it should not be forgotten that Pleistocene solifluc-
tion features occurred down to about 1000 m on
the Sierra Nevada (Wigand, 1978) and it is known
that the solifluction line becomes the upper limit
for the closed forest. Therefore during the cold
stages, Carihuela Cave would have been located
at the boundary between pine forest and steppe
communities.

(2) In spite of the fact that the present environ-
mental interpretation implies that changes in the
forest-cover can be inferred from fluctuations in
the Pinus—Poaceae percentages, the main palaeocli-
matic marker must be the occurrence or disappear-
ance of thermophilous taxa. Not only nearby
vegetation, but also human and animal transport,
might have been responsible for many pollen
spectra. For example, the association of lithic
material, charcoal and bony remains in strata such
as Units VIIb and VI suggests that human biotur-
bation occurred, although pollen samples were
taken from relatively undisturbed areas. Unfortu-
nately, experimental studies have not yet been
carried out in order to separate those pollen data
that might reflect palacoenvironment from those
data that might denote cultural activities, old
biogenic deposits, passive transport by mammals,
ete.

(3) The climatostratigraphical correlation is
valid only for temperature, which is a good indica-
tor of more general climatic phenomena. The term
“humidity” has to be interpreted in terms not only
of precipitation, but also of water availability for
vegetation due to run-off, temporary freezing, or
evapotranspiration.

(4) The optimum corresponds to Zone R of the
pollen sequence. This seems to contradict the
climatic interpretation based on the sediment. Pol-
len deposition in Unit VIIa is closely related to
illuviation and calcretion processes affecting the
sparse matrix between the blocks, hence the time-

*RRION
span involved in Zone R corresponds 1o the hiatus
between VIIa and VI. Therefore Unit VI (Zones
Q, P and O) may only represent the end of a
longer, more complex period INncorporating some

e

intermediate arid phases (Q, O1 and O3).

(5) The most critical episodes coincide with
Zones V-U (Units X and IX) and particularly
with S (Unit VIIb) and N-M-L1 (Unit V). These
zones witness the disappearance of mesothermo-
philous taxa and the extension of herbaceous
communities. Bones of Microtus nivalis, Microtus
arvalis and Allocricetus bursae, as well as the
incorporation of thermoclastic scree, are further
evidence for climatic severity.

(6) Artemisia maxima can be regarded as corre-
sponding to marked aridity crises. As it is clear
that the species involved are neither anthropozoo-
philous (Behre, 1981) nor halophilous (Triat-
Laval, 1978), Artemisia is interpreted as a good
indicator of steppic environnment (Bertolani-
Marchetti, 1985). Given the presence of Mediterra-
nean taxa in Zone Z, it is reasonable to argue that
the aridity crisis of that interval would have had
a primarily hydric component. However, the possi-
bility of differential preservation favouring Artemi-
sia has also to be entertained.

(7) Identification of the edaphic and climatic
factors that determine the Poaceae maxima is
complicated, because grass formations occur in
ecologically very diverse biotopes. Nevertheless,
whatever their regional palaeoecological signifi-
cance, some Poaceae maxima may be due to more
or less local expansions.

(8) Establishment of Pinus sylvestris and/or
Pinus nigra torests are inferred from the Carihuela
sequence to indicate relatively favourable thermic
conditions within an overall ice-age context. It has
to be borne in mind that these coniferous forma-
tions have a orophilous character, today occupying
the uppermost forest belts on the Iberian
mountains.

Chronological interpretation

The Carthuela pollen record can be placed within
a period corresponding to the last Quaternary
climatic cycle (Broecker and Denton. 1990). This
Is supported by the regional morphogenstical
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context (Vega-Toscano, 1988, 1989), by dating of
samples from the Washington State University
investigations (Fremlin, 1974; Goksu et al., 1974:
Vega-Toscano, 1988) the cultural and human fea-
tures (Vega-Toscano, 1988) and the rodent bones
(Ruiz-Bustos and Garcia-Sanchez, 1977). It is
worth remembering that the thermoluminescence
dates were obtained for experimental purposes on
a range of materials (burnt and unburnt flint,
blackened bones, etc), of unknown precise strati-
graphical context, and that the published dates
have been shown to require upward revision (Fig.4,
Table I). All the same, they do allow us to ascribe
the beginning of the sequence to the early Upper
Pleistocene and to assign to it a total span of some
70,000 years.

Palaeoclimatic interpretation of pollen varia-
tions involves recourse to several correlations
(Fig.12), backed up by dating, lithic industries,
and local stratigraphical data. Correspondence is
sought between periods of maximum and mini-
mum expression for the phenomena detected, bear-
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Fig.12. Carihuela pollen record: tentative correlations.
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ing in mind that distant climatic events are usually
metachronous. It 1s interesting to try correlate the
Carthuela sequence with the marine oxygen-
1sotope record (Shackleton, 1977). One must bear
in mind the problems which arise when attempts
are made to extrapolate from such data to the
continental domain (Turon, 1984), with the result-
Ing uncertainty about chronological limits for these
stages once outside the oceanic ambit.

All the data concerning pollen Zones Z-W
indicate that they can be correlated with one part
of 1sotopic stage 5, although correlation of its 5
substages is conjectural, due to the lack of pollen
data from Unit XII. Zones Z-W can be attributed
to Wurm I 1n 1ts conventional meaning and to the
Pre-Wurm of Beaulieu and Reille (1984).

This stage has been well defined biostratigraphi-
cally at Padul (Pons and Reille, 1988), although
correlation with this pollen sequence is much more
problematical because the Carihuela area shows
more markedly continental features, responsible,
in turn, for a perceptibly colder climate and sharper
temperature contrasts. Nothwithstanding the geo-
graphical proximity of both sites (see Fig.1), the
Carihuela sequence shows a Pinus cover, whereas
the Padul depression was populated by Mediterra-
nean formations of Quercus. These findings should
not be considered to exclude altogether the possi-
bility of the occurrence of Quercus communities
on the plains near Carihuela. It could be assumed
that many of the pollen assemblages at Carihuela
result from cultural activities, animal transport or
local over-representation, hence consideration of
bioclimatic gradients is only one of several possi-
bilities for interpreting those vegetational differ-
ences aforementioned.

Palynological studies carried out on European
sequences presumed contemporaneous with Cari-
huela Zones Z-W offer a discouraging panorama
for wider-scale correlation. Agreement is lacking
over geochronological interpretations of the Lower
Weichselian interstadials (Paepe and Zagwijn,
1972), and their hypothetical equivalence with the
post-Eeemian cycles at La Grande Pile (Woillard,
1978) or Les Echets (Beaulieu and Reille, 1984).
The Carihuela results throw no new light on this
unresolved matter, due to the lack of any firm
chronology.
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Zones V and U, which show the first major
regression of thermophilous taxa, seem to corre-
spond to isotopic stage 4 which is characterized
by a pronounced oceanic increase in the 20/¢0
ratio. Fixing the upper limits of this phase is
controversial because fully pleniglacial conditions
do not manifest themselves until lithostrati-
graphical Unit VIIb, although it is likely that
pollen Zones T and S1 ought to be placed in
chronoclimatic stage 4. On the other hand, most
studies suggest a very short time-span, placing the
5a/4 transition at about 75,000-70,000 B.P.
(Labeyrie, 1984; Cheddadi, 1988). It therefore
seems convenient to put Zones V and U earlier
than a conventional Wiirm I-II (Laville et al.,
1983) making that interstadial equivalent to Cari-
huela pollen Zone T.

In light of the above, it seems sensible to relate
Zone S with the commencement of Middle Wiirm
(Welten, 1984) and hence to that of conventional
Wurm II, perhaps before what in Holland has
been characterized as the Moershoofd complex
(Kolstrup and Wiymstra, 1977). In southern
France, archaeological deposits at Combe-Grenal
in Dordogne (Paquereau, 1974) and L’Hortus in
Languedoc (Renault-Miskovsky, 1972) show
phases very like that of Carihuela Zone S, although
associated with a deeper sedimentary infill, in
which numerous slight variations characteristic of
S2 are well matched.

Zones R—-P correspond to the Wurmian Intersta-
dial of 40,000 and 34,000 B.P. in southern France
(Laville et al., 1983). The climatic optimum, char-
acterized in the French deposits by weathered
paleosols, could well correspond to Carihuela Zone
R. The Padul sequence of Pons and Reille (1988)
shows no climatic fluctuation, elsewhere so charac-
teristic of Middle Wurm. Nevertheless, earlier
studies at Padul (Florschiitz et al., 1971) correlated
a series of minor variations to the Dutch interstadi-
als of Moershoofd, Hengelo and Denekamp (Van
der Hammen et al., 1967; Kolstrup and Wijmstra,
1977). Influence of the stratigraphy of the Middle
Weichselian 1s also felt in the correlations by
Wiymstra (1969) of the Keraklitsa, Kalabaki and
Krinides phases at Tenaghi Philippon in Greek
Macedonia.

Differences between the Padul and Carihuela

RRION
pollen records are particularlv pronounced for the
Middle Wurm. As mentioned. taphonomy of pol-
len assemblages from Carihuela Zones R 10 O is
hard to elucidate; moreover. their associatad Units
VII and VI show uneven stratification. erosional
surfaces being conspicuous belc between. and
above them. On the other hand. discontinuities
and other stratigraphical complicanons derived
from differential subsidence within the Padul basin
should not be discounted

The important pollen seguencss ¢ '_i~ Echets
(Beaulieu and Reille. 1984} or La Grande Pile
(Woillard, 1978) do not refiect marked warming
during the middle rr* the last glaczal Other dia-
grams, however, show importamt progressions of
forest: e.g. northern Greece (Botzemma_ 1974). Cala-
bria (Griiger, 1977). northern Italy {Bertoldi. 1980;
Cattani and Renault-Miskowsky. 1999, and Medi-
terranean Spain (Carmon. 195 heT SSOmOr-
phological, lithological. amd Eeostratseraphical
studies also indicate an importan: mmeer-Wiarmian
rise in temperature in SE Spasm ¢Carmon. 1991).

Presence of a well-marked srosomal episode
between Carihuela polien Zomss O anéd N strongly
limits the possibility of correlatme the wpper part
of the sequence (Zomes N-K mch seems to
reflect the return of cold plemssiiacsall comditions in
the region. .%..- the htho- amd Bwostratsgraphical
data from Carihuela for thes phase sassest that
stage 2 continental pengiacsal comémoms began in
Zones N and M. It 5 not a2 pessemt possible to
associate Subzones L2 and L2 B OB Or more
chronozones of the recemt Warm. althoush fea-
tures of the upper Canhusla plhases comfirm the
long Mousterian survival m the southern Ibenan
Peninsula.
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