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Climatic and oceanographic changes for the last 25 cal ky bp in
the Alboran Sea. A diatom inference
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ABSTRACT

The present work concerns the study of the Calypso piston core MD 95-2043 (36°09'N/2°37.269 "W). In
order to establish a stratigraphic time framework the age model is based on seventeen C-dates, AMS
radiocarbon ages measured on monospecific foraminiferal samples (G. bulloides). "C-dates were calibrated
to calendar years in order to correct natural variations of "C. The CALIB 4.7 program was used for the
calibration of "*C-dates time record considered in this study that spans the last 26.5 cal ky BR Average
sedimentation rate for the time interval studied is 35.85 cm/ky.

Based on the diatom record, paleoceanographic conditions favoured an increase in paleoproductivity
during the Last Clacial Maximum (LGM) with a maxima occurred at ca. of Termination Ta (T1a), and
during the Younger Dryas event (YD). During this period, meteorological conditions, with increased
westerlies, would induce an intensified eastward flow which would displace the Western Anticyclonic
Gyre (WAG) to the East. A possible displacement of the North Alboran upwelling system has also be
considered. The major component of the diatom assemblage during the YD are the resting spores (RS) of
Leptocylindrus danicus. The development of this species was probably favoured by the presence of the
cooler and less saline Atlantic Surface Water (ASW) triggered by the diversions of meltwaters from the ice
sheets surrounding the Atlantic. ,

The abundance of fresh-water diatoms was used as an aridity indicator, while opal phytoliths were linked
to relatively wet conditions on land. During marine isotopic stage 2 (MIS2) until 14 cal ky BP the region
supported a gradual climatic deterioration with a belt-grass loosing. Wind intensification was also deduced.
During the Balling-Allerad (B-A) climatic conditions would be warmer and moister. This conditions prevails
until ca. 8 cal ky BR When the re-establishment of vegetation belts and replenish of lakes were deduced.
Nevertheless, during the YD climatic conditions could be dryer and windy.

RESUMEN

El presente trabajo enfoca el estudio def testigo de pistén ?;FO Calipso MD 95-2043 (36°09°N/2°37.269 "W).
La estratigraffa del testigo estd basada en 17 edades de radiocarbono medidas sobre el foraminifero
plancténico G. bulloides mediante la técnica AMS. Las edades de ™C obtenidas fueron calibradas a
edades de calendario para corregir las posibles variaciones naturales del *C. Para la calibracién se empleo
el programa CALIB 4.1, el resultado fue un periodo que comprendia los tltimos 26.5 ka de calendario. La
tasa de sedimentacién media se estimé en 35.85 cm/ka para este periodo de tiempo.

El registro de diatomeas parece indicar que las condiciones paleoceanogréficas del Mar de Albordn
favorecieron el incremento de la paleoproductividad superficial durante el Ultimo Méximo Glacial (LGM),
con méximos préximos a la Terminacién 1a (T1a) y durante el Younger Dryas (YD). Durante el periodo
comprendido en este estudio las condiciones metereoldgicas, con vientos del Oeste mds intensos, inducirian
a una intensificacién del flujo de entrada hacia el Este desplazando al Giro Anticiclénico Occidental
(WAG). Se especula un posible desplazamiento del sistema de surgencia localizado al Norte del Mar de
Alborén hacia posiciones mds orientales. El componente principal de la asociacién de diatomeas durante
el YD son las esporas de Leptocylindrus danicus. £f desarrollo de esta especie pudo ser favorecido por la
presencia de un Agua Superficial Atldntica (ASW) mds fria y menos salina, este agua de caracteristicas
especiales pudo tener su origen en la fusién de las plataformas heladas que rodeaban el Atldntico.

La abundancia de diatomeas de agua dulce ha sido empleada como indicador de aridez, mientras que los
fitolitos se han relacionado con condiciones hiimedas en el continente. Durante el estadio isotépico
marino 2 (MIS2) hasta 14 cal ka BP la regién soportaba un deterioro climético gradual con pérdida del
cinturén herb4ceo. También se ha podido deducir una intensificacién edlica. Durante el periodo Balling-
Allerad (B-A) las condiciones climéticas pudieron ser templadas y suaves. Estas condiciones prevalecieron
hasta cerca de los 8 ka de calendario, se ha deducido el restablecimiento de los cinturones de vegetacién
y el relleno de los lagos. No obstante durante el YD las condiciones climéticas pudieron ser mas frias y
ventosas.
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Introduction

The Mediterranean beha-
ves as a system of antiestuari-
ne circulation with surface
water entering from the Atlan-
tic and leaving the Mediterra-
nean at depth (Bormans et al.,
1986). The circulation of the
Alboran Seais energetic, and is
subject to strong seasonal va-
riations related to fluctuations
in the intensity of water ex-
change through the Strait of
Gibraltar (Pistek er al., 1985).
The most streaking oceanogra-
phic features in the Alboran
Sea are the Western Anticyclo-
nic Gyre (WAG) and the Alme-
ria-Oran density front (Fig. 1).
Their shape, position and per-
manence depends of several
factors such as thermohaline
circulation, meteorological for-
cing, etc. (Parrilla and Kinder,
1987). Unlike most of the Me-
diterranean, the Alboran Sea
has two systems of high biolo-
gical productivity which are as-
sociated with WAG and the
Almeria-Oran density front. To
the northern limb of the WAG,
an upwelling of subsurface
waters occurs, and thus a
frontal system develops along
the eastern gyre (Fig. 1). Mo-
reover, the present-day clima-
tic system over the Mediterra-
nean Sea is characterised by
the establishment of a very
stable high-pressure system,
related to the Intertropical
Convergence Zone (ITCZ)
(Cramp and O-‘Sullivan,
1999). Its position is critical
in determining climatic and
oceanographic patterns in the
Alboran Sea (Parrilla and
Kinder, 1987).

Variations in paleoproduc-
tivity related to variations in
climatic and paleoceanogra-
phic conditions has been wide-
ly studied in the area (Abran-
tes, 1988; Caralp, 1988;
‘Weaver and Pujol, 1988; Turon
and Londeix, 1988; Vergnaud-
Grazzini and Pierre, 1991; Tar-
garona et al., 1997; Sierro et
al., 1998, Béarcena and Abran-
tes (1998), Cacho et al., (in
press), and Bércena et al. (sub-
mitted).
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Recent SST studies on core
MD95-2043 (Cacho et al., in
press), Bdédrcena et al.,
submitted) show evidence of a
clear connection between the
Greenland &'80 record in
GISP2 and its Dansgaard-
Oeschger (D-0) events (Meese
et al., 1997) and Alboran’s
SST, as well as a good
coherence  among  the
temperature minima in both
records. The influence of the
Heinrich events in the Alboran
Sea with important invasions of
polar waters into the Alboran
sea have been documented by
the presence of a peak in the
foraminifer Neoglobogquadrina
pachyderna (s) sinistral (Cacho
et al., in press; and Bdrcena et
al., submitted).

Northern Hemisphere cli-
mate is clearly linked to that of
high-latitude ice sheets, with
glacial aridity and interglacial
humidity (Sarnthein er al.,
1982; Stabell, 1986). During
glacials the ITCZ migrates to
the south (Sarnthein et al.,
1982) favouring the location of
a low-pressure system over the
Mediterranean and prevailing
westerlies, and therefore favo-
uring “red-rain” over the Medi-
terranean (Parrilla and Kinder,
1987). Previous studies by Bar-
cena et al. (1997), Flores et al.
(submitted), and Bédrcena et al.
(submitted), have shown the di-
fferent behaviours between two
types of siliceous wind-trans-
ported microfossils, freshwater
diatoms and opal phytoliths.
The abundance of fresh-water
diatoms was used as an aridity
indicator, while opal phytoliths
were linked to relatively wet
conditions on land.

The present work is aimed
at the understanding of the cli-
matic and paleoceanographic
changes during the last degla-
ciation, with previous observa-
tion from marine isotopic stage
2 (MIS2) and the Last Glacial
Maximum (LGM) to present
day, in the Alboran Sea. Regio-
nal atmospheric patterns would
induce paleoceanographic and
paleoproductivity changes dis-
placing the Alboran’s high fer-
tility systems eastward. Besi-

des, Northern Hemisphere cli-
matic and oceanographic chan-
ges would also affect the Albo-
ran Sea introducing fresh
waters through the Strait of Gi-
braltar. Climatic changes in
North Africa as well as wind
regime have been also study
base in continental microfos-
sils.

Materials and methods

The present work concerns
the study of a calypso piston
core MD 95-2043 was taken
during the 1995 IMAGES crui-
se at 36°09°N/2°37."W and
1841 m water depth.

Micropaleontological stu-
dies were carried out on sam-
ples spaced at 10 cm intervals
in core MD 95-2043. Samples
were prepared according to the
method outlined in Bércena
and Abrantes (1998). Magnifi-
cation was x1000, and the re-
commendations of Schrader
and Gersonde (1978) were
used as a basis for diatom val-
ves counting. For evaluation of
the state of preservation of dia-
tom valves we followed the re-
commendations of Bdrcena and
Flores (1991).

Results

In order to establish an stra-
tigraphic framework, constant
sedimentation rates were assu-
med between the age control
points, and linear interpolation
was used to obtain ages bet-
ween the control points. The
age model is based on seven-
teen “C-dates, AMS radiocar-
bon ages measured on monos-
pecific foraminiferal samples,
it has been widely described in
Cacho et al. (in press). To co-
rrect natural variations and im-
prove time resolution “C-dates
were calibrated to calendar
years using the CALIB 4.1
(Stuiver and Reimer, 1993).
The approximate time recorded
in the core is 26.5 cal ky. Re-
sulting sedimentation rate have
an average value of 35.85 cm/
ky for the studied time interval.

The range of the variations
in diatom number fluctuates

Figure 1- Studied area. Position of
the studied core in this paper as
well as the site cores TG-5 and
K88230. Location of the predomi-
nant oceanographic features of the
Alboran Sea, the western anti-
cyclonic gyre (WAG) and the
Almeria-Oran Front. Shadow
zones represent today’s’ high
fertility areas.

Figura I1- Area de estudio.
Localizacion del testigo estudiado
en este trabajo asi como la posicion
de los testigas TG-5 y KS8230.
Localizacidn de los patrones
ocanogrdficos mas importantes del
Mar de Albordn, el giro
anticiclonico occidental (WAG) y el
Sfrente Almeria-Ordn. Las zonas
sombreadas representan las zonas
actuales de alta fertilidad.

from an absence of diatom val-
ves to abundance of 3,9 x10°
valves/gr of dry sediment (Fig.
2). In the Alboran basin abun-
dances are lower than normally
observed in strong upwelling
areas where the number of dia-
tom valves in the sediments
may reach millions. During
marine isotopic stage 2 (MIS2)
diatoms are present, the occu-
rrence of several peaks from
MIS2/MIS3 boundary to Ter-
mination la (T1a) has been ob-
served. During the deglaciation
diatom abundance shows
strong fluctuations. The Bg-
lling-Allergd period (B-A),
which spans about 2000 years,
appears characterised by an
important reduction in diatom
numbers. Following the B-A,
related to the YD, diatoms re-
ach the highest abundance. The
diatom assemblage found at
this peak in core MD95-2043 is
dominated by resting spores of
Leptocylindrus danicus (63 to
89 %). The second major com-
ponent of the assemblage is Pa-
ralia sulcata (4 to 16 %). T1b
is marked by a continuous and
rapid decrease in diatom abun-



dance with a final disappearan-
ce of diatoms in the early Holo-
cene, very few samples
contained entire diatom valves,
mostly only fragments could be
found. At the surface, diatoms
reappear, but in contents lower
than the values found downco-
re for MIS2 and the Termina-
tion (Fig. 2).

Freshwater diatoms toge-
ther with phytoliths were coun-
ted along core MD95-2043
(Fig. 2). The main fresh-water
diatom in the Alboran Sea is
Aulacoseira sp, a planktonic
and lacustrine diatom, together
with other limnobiontic forms
(Cyclotella ocellata and Ste-
phanediscus astrea). Abundan-
ce pattern of this groups is
parallel to the total diatom ass-
emblage. Maximum abundance
of both groups occurs during
the LGM and the YD. The
group disappears after 8.5 ky
BP, reappearing in the surface
samples. Fresh-water diatoms
and phytoliths, show clear di-
fferences. During the MIS2 un-
til T1a, fresh-water diatoms
have a relatively high abundan-
ce with a decreasing tendency
towards Tla. During the B-A
period, the group has a very
low abundance. For the YD pe-
riod the fresh-water group pre-
sents a peak of higher
abundance and afterwards fo-
llows a decreasing tendency.
The phytoliths pattern is the
opposite of the previously ob-
served fresh-water diatoms,
they reach their highest value
during the deglaciation, after
the YD event, moreover in the
MIS2 the appearance of the
group is constant trough time

(Fig. 2).
Discussion and conclusions

Current-hydrography
reveals the existence of two
high productivity systems in
the Alboran Sea, the WAG and
the Almeria-Oran Front (Fig.
1). Previous studies by
Abrantes (1988), Bdrcena and
Abrantes (1998) and Bdrcena
et al. (submitted) have already
related diatom presence in
Alboran Sea sediments to

upwelling conditions in the
overlaying waters. Therefore,
the high abundance of diatoms
in the sediment are related to
the productivity of the surface
waters, and the variations in
downcore diatom abundance is
the result of changes in
paleoproductivity.

The persistence of the do-
uble gyre of the Alboran Sea is
variable and its permanence
depends of several factors
(thermohaline circulation, me-
teorological factors, etc.) (Pa-
rrilla and Kinder, 1987). The
present-day Mediterranean cli-
mate type is due to the position
of the ITCZ in the upper atmos-
phere, its seasonal migration,
and the influence that the ITCZ
has upon mere localised pres-
sure systems. During glacial
period the ITCZ migrates to the
south favouring the localisation
of a low-pressure system over
the Mediterranean and prevai-
ling westerlies (COHMAP
Members, 1988), its dominan-
ce induces maximum stream
flux, the stream enter directly
till the centre of the basin, and
the WAG is displaced to the
east (Parrilla, 1984). Vergnaud-
Grazzini and Pierre (1991) su-
ggested that before 16 ky,
prevailing westerlies and low
pressures over the Mediterra-
nean favoured the eastward dis-
placement of the WAG of the
Alboran Basin.

Recent studies by Bércena
et al. (submitted) on two cores
located at the continental shelf
(Fig. 1), core KS8230 (
36°27°N/3°53°W, and 795 m
water depth), and core TG-5
(36°23’'N/4°15"W, and 626 m
water depth) show a clear evi-
dence of reduced surface pa-
leoproductivity for the time
period studied in this work by
comparing with surface pa-
leoproductivity recorded in
core MD95-2043 (Fig. 3). Both
cores are located under the in-
fluence of today’s upwelling
system at the northern limb of
the WAG. In overview, one can
asses that for the all time inter-
val considered in this study,
highest productivity was dis-
placed towards the East; core

MD95-2043 record maxima
diatom abundance, while TG-5
and KS8230 record the lowest
values in paleoproductivity.
Therefore, we infer that during
MIS2 meteorological conditio-
ns would induce an intensified
eastward flow which would
displaced the WAG to the East,
and the North Alboran upwe-
Iling system would be moved,
therefore maxima fertility in
surficial waters could occurs in
the eastern area.

Based on the diatom record
paleoceanographic conditions
favours increases in paleopro-
ductivity from 22,5 ky to 16 ky
during the LGM with a maxi-
mum at ca. Tla. During the B-
A event a significant reduction
in paleoproductivity was obser-
ved, but a new increase in pa-
leoproductivity occurs during

the YD (Fig. 2). Several other

paleoproductivity indicators
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Figure 2- Absolute abundance of
diatom valves, freshwater diatoms
and opal phytoliths per gram of
dry sediment on core MD95-2043.
Thicker line indicates a three-
point smoothing, The aridity index
has been calculated as the resul-
ting of the following equation:
phytoliths/ phytoliths+freshwater
diatoms, Ages are given in calen-
dar ky BP after calibration with
CALIB 4.1 program. Grey bar
marks the deglaciation interval,
darkest bar indicates the Younger
Dryas event (YD). Tla: Termina-
tion 1a; B-A: Bglling-Allergd
period; T1b: Termination 1b.

point to changes in paleopro-

ductivity during the last 25 ky
in the Alboran Sea that have
been attributed to variations in
the oceanographic conditions
by several authors (Abrantes,
1988; Weaver and Pujol, 1988;
Turon and Londeix, 1988; Tar-
garona et al., 1997; Vergnaud-
Grazzini and Pierre, 1991).
During the Holocene inferred
paleoproductivity decreased to
the lowest values of the last 23
ky; paleoproductivity was slig-
htly reestablished recently
(Fig. 2).

Recent SST studies on core
MD95-2043 (Cacho et al., in
press) show evidence of a clear
connection between the Green-
land &'®0 record in GISP2
(Meese et al., 1997) and its D-
O events and Alboran’s SST, as
well as a good coherence
among the temperature minima
in both records. Cacho’s study
also recognise the influence of
the Heinrich events in the Al-
boran Sea, and assess that im-
portant invasions of polar
waters occurred in base to the
presence of N. pachyderma (s)
(Cacho et al., in press). In this
sense, diatom assemblages res-
pond to these cool water inva-
sions. The increase in pa-
leoproductivity during the YD

Figura 2- Abundancia absoluta de
valvas de diatomeas, diatomeas de
agua dulce y fitolitos por gramo de
sedimento seco en el testigo MD95-
2043. Las lineas gruesas indican
un suavizado de tres puntos. El
indice de aridez se ha calculado
con la siguiente férmula: fitolitos/
fitolitos+diatomeas de agua dulce.
Las edades se expresan en edades

. de calendario y se han calibrado

Caky P

B e e e e T T T T

con el programa CALIB 4.1. La
barra gris marca el intervalo de la
deglaciacion, la gris oscura indica
el YD. Tla: Terminacion la; B-A:
perido Bglling-Allergd; T1b:
Terminacion Ib.
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Figure 3- Diatom valves per
gram of dry sediment for core
TG-5, KS8230 and MD95-2043.

Figura 3- Valvas de diatomeas por

gramo de sedimento seco para los
testigos TG-5, KS8230 y MD95-
2043
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was inferred from to the peaks
in L. danicus RS and P. sulcata.
L. danicus is a common neritic
species world-wide distributed
associated to cold and tempera-
te waters, this species has been
related to ASW which induces
stability in the upper part of the
water column (Delgado, 1990),
it was also recorded in lenses of
low salinity waters (Estrada,
per. com). The YD is the last of
a long series of alternations
between colder and warmer
conditions occurred during the
Last Glacial Period, the D-O
events (Broecker, 1992). As
proposed by Broecker (1992),
the YD cold event was trigge-
red by the diversions of melt-
waters from the ice sheets su-
rrounding the Atlantic which
spread fresh water across the
North Atlantic and therefore
Mediterranean circulation pat-
terns would be also affected by
this. Therefore, a salinity de-
crease in the incoming ASW
into the Alboran Sea would ex-
plain the L. danicus peak in
core MD95-2043, as resulting
from relatively cooler and low
salinity waters and stratifica-
tion in the upper part of the
water column.

The fresh-water diatom
group and opal phytoliths are
common in surface sediment
samples from the Alboran Sea
(Bércena et al., submitted).
Opal phytoliths, particles
growing within vascular plants,
are injected into the atmosphe-
re during dry-season brush fi-
res. Fresh-water diatoms
(Aulacoseira sp) come from the
deflation of diatomaceous de-
posits in dry lake beds. Hence,
the presence of a mixture of
microfossils with distinct eco-
logical requirements, terrestrial
and lacustrine environments,
allow us to interpret this fact as
a wind transported assemblage
more than a run-off origin.
Dust storms are common in
North Africa during the arid
and dry seasons, and the pre-
sence of “red rain” over the
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Spanish coast has been widely
described. This “red rain” is re-
lated to south-westerlies gene-
rated by low pressures on the
Gulf of Cadiz (Parrilla and
Kinder, 1987). African climate
is clearly linked to that of high-
latitude ice sheets, with glacial
aridity and interglacial humidi-
ty (Sarnthein et al., 1982; Sta-
bell, 1986). Besides, during
glacial periods the ITCZ mi-
grates to the south favouring
the localisation of a low-pres-
sure system over the Mediterra-
nean and prevailing westerlies,
and therefore favouring “red-
rain” over the Mediterranean.
The abundance of fresh-water
diatoms was used as an aridity
indicator, while opal phytoliths
were linked to relatively wet
conditions on land. Also, fresh-
water diatoms would indicate
arid conditions in North Africa
with lake desiccation during
the MIS2 until 15 cal ky BP, the
progressive phytoliths decline
would also indicate a gradual
climatic deterioration and a
gradual belt-grass loosing with
a wetter episode from 19 to 17
cal ky BP (Fig. 2). LGM would
be characterised by an intensi-
fication of the winds while the
B-A would correspond to the
re-establishment of vegetation
belts and replenish of lakes
which continues throughout
the rest of the deglaciation and
prevails until ca. 8 cal ky BP
(Fig. 2). Therefore, climatic
conditions would be warmer
and moister. Nevertheless, du-
ring the YD climatic conditions
could have been relatively
dryer, as indicated by the pre-
sence of fresh-water diatoms
and the reduction in opal
phytoliths. However, the total
windblown particles was high
during this interval which
could indicate a wind intensifi-
cation. Besides an aridity index
has been calculated as the re-
sulting of the following
equation: phytoliths/
phytoliths+freshwater diatoms.
The index indicates the same

dry and wet episodes that those
described before (Fig. 2).
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