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ABSTRACT

The i npact of climtic fluctuations on the rmarine Mediterranean
pal eoenvi ronnent (pal eoproductivity, deep water formations) during the late
Quaternary is herein quantified utilizing coccolith associations of the piston
corer M5/4-KL13, located in the lonian Sea between southern Italy and G eece

and consisting of the ”heavy” and "light” groups (enriched or dininished in *O
relative to equilibrium respectively). The former group includes species as
Emiliania huxleyi, Gephyrocapsa cari bbeanica, G oceanica and smal |

gephyrocapsids donminated by G ericsonii and G nuellerae, while the latter
group includes the Calcidiscus |eptoporus, Helicosphaera carteri var. carteri,
H carteri var. wallichii, H hyalina, Syracosphaera pul chra and Unbilicosphaera
si bogae. The investigated sedinents reach down up to isotope stage 9 (about 330
ka) and include the sapropel formations S1 to S10. Data interpretation suggests
the existence of eight climatic related intervals (coded I-VII1) along the core.

KEY WORDS: Cal careous nannofossils, Coccoliths, Late Quaternary, paleoclimatol-
ogy, pal aeoecol ogy, |onian Sea.

| NTRODUCTI ON
Oxygen or carbon isotope equilibrium with anbient water is rarely recorded
in biogenic carbonate precipitation. Some physiological control is wusually

i nposed by the organism The magnitude of this "vital effect” is different for
each group of organism and often for each different species within a group
(HeEmMLEBEN et al. 1989). Isotopic variations within the oceans mainly occur due to
the interaction with the hydrologic cycle (evaporation, precipitation, runoff),
freezing effects and the mxing of water masses. The "glacial effect” resulting
from the preferential renoval of O from the ocean during glacial episodes and
its deposition as isotopically light ice on land, has a narked effect on the
oxygen isotopic composition of the world ocean (ANDERSON and ARTHUR 1983). The
i npetus to examine the stable isotopic conposition of calcareous narine mcro-
fossils originally derives fromthe classic paper of EMLiAN (1955). Due to the
fact that ”Coccoliths are good indicators for palaeoenvironnental change” and
their wutility has been successfully applied in the A boran Sea, western
Medi terranean Sea (WAVER and PuwoL 1988), in the present work it was attenpted
for the first time determination of the eastern Mediterranean Sea surface
tenperature fluctuations of the Late Quaternary, utilizing quantified coccolith
associations calibrated to the isotopic record of the planktonic foramnifer
A obigerina bulloides (SchmEeEDL et al. 1998). Mreover, as it was very recently
delineated by NecR & GUNTA (2001), though nannofossils are very useful paleo-
ceanographic tools, papers related to their study under a pal eoenvironnental
view are relatively rare.

For that purpose, material of the piston corer M5/4-KL13 has been exani ned
both in snear-slides under the light mnmicroscope and in SEM. The core has a
11,20m |l ength and was recovered at a water depth of 2,533m fromthe lonian Sea.
Its location is situated between the central and eastern Mediterranean Sea
(position 37°33,2" N, 17°49,2" E -—-Calabrian Rise) (fig. 1). Detailed sanpling
was nade spaced at 10cm intervals in average. After determination of the
foram nifera, a stable isotopic curve for the dobigerina bulloides was
constructed. |sotope neasurenents have been conpleted at the Univ. of Brenen,
Faculty of Geosciences (Dr. M Segl in ScHvEDL et al. 1998). The sedi nent core
was then stratigraphically conpared through the graphical correlation nmethod of
the *Ocurve with the SPECMAP -standard isotope curve (IMBRE et al. 1984).
Accordingly, the exam ned core reaches down from isotope stage 1 until stage 9
(with an age of 330ka approximately) and includes the sapropel formations Sl to
S10 (fig. 2). Exceptionally light values of ®“C and O were determined in
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foraminifera tests at the stratigraphic levels of the sapropel |ayers (ScHvEDL
et al., 1998). These records are probably related to an intensive input of fresh
wat er nasses (THUNELL and WLLIAMs 1989, RoHLING and Hi LGN 1991, VERGNAUD- GRAZZINI and
PIERRE 1991, TanGg and Stort 1993, Aksu et al., 1995, GeracA et al ., 2000).

The so-called "heavy” group of coccoliths consisting of Emliania huxleyi,
Gephyrocapsa oceani ca and snmal| Gephyrocapsa spp. is proved to be about 1% heavy
(enriched in *Orelative to equalibrium) and reflects a significant tenperature
dependence of the sel ected species in oxygen isotopic conposition. The relation-
ship between tenperature and isotopic conposition of the three prenentioned taxa
was simlar and with no significant differences anong them at warner tenpera-
tures (STEINVETZ 1994).

Main goal of the present paper, is to identify the "heavy” and "light”
groups of the cal careous nannofossils outlined above and to apply and connect
their conpositional alternations along the core sedinents, in relation to oxygen
i sotope stratigraphy and sinultaneously to the known isotope stages. This is
made in order, a) to recognize how climatic changes affected the coccolith
associations the last 330ka in the eastern Mediterranean and b) to investigate
if, utilizing the latter quantification, it is realizable to establish climatic
i nterval s/ zones representative for these changes. Nannofossil analyses were
primarily perfornmed on the piston core M25/4, Station KL13.
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E <1000m 1000-2000m - 3000-4000m

Figure 1. Location of the studied piston core M25/4, Station KL13 in the lonian
Sea (between southern Italy and Greece). It was recovered by the RV METEOR in
January 1998. Pal eobathynetry is given in 1000 of meters and it is indicated by
the scale in grey-col our grade.
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COCCOLI TH ASSCCI ATI ONS AND PALAEOCLI MATE

According to the quantification of paleoecologically inportant recorded
species in the different coccolith asssociations and their correlation and
calibration to the known isotope stages 1 to 9 (by neans of oxygen isotope
stratigraphy adopted from the d obigerina bulloides d*®O data), eight climatic-
rel ated zones were distinguished dated from Late Quaternary to Recent along the
i nvestigated piston core sedinments (see right part of fig. 2: coded | to VIII).
These zonal boundaries or intervals are defined by: a) dominance, b) first
appearance, c¢) recurrences (or re-occurrences) of species, and d) in don nance
between two closely related species. Such criteria used to define datum levels
are well known to biostratigraphers. A datum defined on the basis of a change in
dom nance of two coccolith species was firstly reported by THERSTEIN et al.
(1977). The use of a recurrence, falls in the same category of bioevents as
changes in coiling direction which are for long broadly and successfully
applicated in planktonic foranminifera. The rational for using the reappearance
of a species as a useful datum level follows the fact, that wthin each
recurrence interval, the conposition of the nannofloral associations is always
somewhat different. Thus, for exanple, the recurrence of G oceanica in the
upper part of the isotope stage 7 (at ca. 210ka) which corresponds to the
climatic zone VIl of the present work, can be differentiated fromthe occurrence
of the same species situated just below the first appearance of E. huxleyi (at
ca. 270ka), because the former coexists with Helicosphaera carteri (WALLICH)
KAMPTNER var. carteri enmend. THEODORI DI S, Hel i cosphaera hyalina GuwRDER and
Hel i cosphaera carteri var. wallichii (LodvaNN) BoUDREAUX & HAY enend. THEODORI DI S,
while the latter occurs together with snmall Gephyrocapsa spp. These data for
each zone are referred in the text-sumary explanation of figure 2.

G ven the above considerations, quantification of the cal careous nannoflora
along the studied core, permtted establishment of eight coccolith associations
and correspondent cal careous nannofossil bioevents in relation to the isotope
stages 1 to 9. Each of themis interpreted to represent a climatic-related zone
or interval. The eight associations are identified and described as follows
bel ow (in the order of youngest to ol dest):

1) Domnance of E huxleyi with a participation of nore than 20% in
abundance until isotope substage 1,1 (core interval 0-46cm warm climtic zone
1)

2) Less than 20% of E. huxleyi from the isotope substage 1,1 up to the
substage 3,1, which corresponds to the core interval from 46 to 102cm (cold
climatic zone I1);

3) A significant increase in the abundances of the warm surface-water
speci es Cal ci di scus | eptoporus and helicosphaerids |like H <carteri var. carteri,

H hyalina and H carteri var. wallichii is observed between the 3,1 and 3,3
i sotope substages, core material interval of 102 to 222cm (warm climatic zone
I11). Isotope stages 1 and 3 are considered interglacial intervals, whereas

i sotope stage 2 is a glacial one;

4) A change in dom nance between E. huxleyi and Gephyrocapsa nuellerae
BoubreAaux & Hay, a cold water species, was observed bel ow the isotope substage 3,3
(core sanple 25, situated at 298cm depth). An age estinmation for this bioevent
can place it at about 75ka (relative to the left colum of fig. 2). The climatic
zone |V corresponds to the interval from 222 to 322cm (cold zone). |sotope stage
4 is considered a glacial interval. Cinmatic zones | to |V correspond to the
subzone MNN21b (Acne of Eniliania huxleyi) of Ro et al. (1990) approximately.
Bi ostratigraphic assignnments of the later authors were based on study of DSDP
(Site 132) and ODP (Sites 652 and 653) cores recovered from the Tyrrhenian Sea
in western Mediterranean Sea.

5) Recurrence of E. huxleyi below the isotope substage 5,2 together with the

"light" group of coccoliths such as C |eptoporus, H carteri, Syracosphaera
pulchra. It lasts up to the isotope substage 5,5 and corresponds to the core
stratigraphic interval between 322 and 51lcm (warm climatic zone V). |sotope
stage 5 is an interglacial interval. If one considers the rich in siliceous

m crofossils (including diatons and radiolarians) sapropel layer S5 from the
eastern Mediterranean sites 969 and 971 (co. DaNeLiIAN and FRybas 1998, ODP Leg
160), this could be equivalent to the |ower part of the present core interval
(relative to isotope substage 5,5) with an estimated age of 125ka approxi mately;

6) Domi nance of small Gephyrocapsa spp. like G nuellerae and Gephyrocapsa
ericsonii below isotope substage 5,5. It lasts up to the isotope substage 7,1
(conpare end of dom nance for the snmall Gephyrocapsa spp. in fig. 2). This
bi oevent represents the core interval between 511 and 720cm (cold clinmatic zone
VI). This zone corresponds to the isotope stage 6 and partly to stage 7. |sotope
stage 6 is considered a glacial interval.
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7) A recurrence of Gephyrocapsa oceani ca KawTneR with hel i cosphaerids starts
from i sotope substage 7,2 and continuous downcore up to the first occurrence
(FO of E. huxleyi at approximately 266ka (sanple 86: 987 to 988cm). It is
| ocated directly above the isotope substage 8,4. This nannofossil association is
representative of the interval between 720 and 987cm and the correspondent warm
climatic zone VIl is partly related to the isotope stage 7, an interglacial
interval. The |owernost part of the zone VII correlates with the upper part of
i sotope stage 8, considered a glacial interval. Therefore, the FO of E. huxl eyi
is to be found within the latter interval. Biostratigraphically, the climtic
zones V to VIl broadly correspond to the MNN2la subzone (Emliania huxleyi) of
Rioet al. (1990).

8) Finally, a dominance of G oceanica together with small Gephyrocapsa spp.
is observed. It starts directly below the isotope substage 8,4 and is running
further down to the upper part of the isotope stage 9. This association record
corresponds to the core stratigraphic interval from927 to 1120cm depth (base of
the core) and represents the deepest presently established cold climatic zone
VIII. Considering a biostratigraphic interpretation within the Mediterranean
area, this interval corresponds to the biozone MNN20 (Gephyrocapsa oceanica) of
Roet al. (1990).

RESULTS AND DI SCUSSI ON

Sunmarizing, the investigated core-naterial spans a period of sedinentation
of 330ka approximately. Biostratigraphy utilizing the cal careous nannofossils
and their associated events proves the presence of three subzones, nanely the
MNN20 (refered to the climatic zones | to 1V), MIN2la (includes the climtic
zones V to VIlI) and MNN21b (represented partly by the climatic zone VIII to the
core bottm), according to the schene of Ro et al. (1990) established from data
of the Tyrrhenean Sea in western Mediterranean.

The "heavy" group of coccoliths consisting of an association with E huxl eyi
and Gephyrocapsa caribbeanica shows a preferential occurrence in the glacial
stages 2 and 4 with noderate fluctuations in frequency, while the small
CGephyrocapsa spp. association with G nuellerae and G ericsonii predom nantly,
appears with a significant participation frequency in the glacial stage 6 (our
climatic zone VI). The abundance ratio of G oceanica to G nuellerae is thought
to give a good estimation relative to pal eotenperature, with higher values of G
muel l erae indicating lower tenperatures (co. WavverR and Pwa 1988). The G
oceani ca association occurs solely with strong fluctuations with depth, in both
interglacial and glacial stages (dominant in the isotope stages 7 and 8, |ess
frequent in stage 2 of the latest Pleistocene; fig. 2). Hi gher frequencies of
this species in the glacial stages 8 and 2, could be interpreted as to relative
i ncrease of tenperature (fluctuations) within the sane gl acial isotope stage.

The so-called "light" group of coccoliths (Stetnverz 1994) consisting of
nannofl oral associations like C. |eptoporus, various helicosphaerids, S. pulchra
and Unbilicosphaera sibogae has a maxinum in appearance in the interglacial
i sotope stages 3 and 5 (fig. 2: warmclimtic zones IIl and V). Studies fromthe
European North Sea have shown that S. pulchra and H carteri are species wth
occurrences wthin interglacial periods (Bauaw 1990). Recent data on the
conposition, distribution and seasonal variation of coccolithophore comunities
from the north Atlantic (45° to 75° N), although latitudinally not directly
related to the present study area (Mediterranean, 37° N), have also included C
| eptoporus and S. pulchra in the sane "North Atlantic group”, while G nuellerae
was placed in the "Norwegian Sea group”, the latter correlated to col der water
tenperatures than the former group (SAwMrLEBEN et al. 1995).

Present results are in well agreenent with data from the existing paleo-
ceanographi cal researches based on foraninifera. They show that the variations
in climate during the Late Quaternary to Recent tine in the whole Mditerranean
are distinctly reflected in the bio- and fossil-content of the sedinents,
particularly in the organic rich, sapropel formations S1 to S9 (Aksu et al.,
1995; HemEeEBeN et al. 1999). Further, the inpact of thernophaline circulation and
its role in controlling production and oxygenati on of deep waters in the eastern
Medi t erranean Sea, producing formation of sapropels was recently introduced by a
new nodel of STrRATFORD et al. (2000). Such or simlar fluctuations related
probably to re-circulation or periodical circulation can be reconstructed and
back-traced through the determination, quantification of the participated
species and the stable isotope «conposition of benthic and planktonic
foram nifera as well as that of the coccolith flora.

The diversity of benthic foramnifera for exanple is narked through extrene
fluctuations which are in relation to the 23,000 years precession cycle and it
i s going back on zero values in the sapropel layers. This probably explains the

81



[ka] Globigerina bulloides 80 [%4. PDB] (%(i?ﬁi)oxygen

AGE| Piston core M25/4 - KL. 13 (Ionian Sea) Fimaﬁc Stable
Isot
T L W— s

3 3 Emlllama huxleyl in assoc1at10n with Gephyfdcdﬁsa

(}laclal P

Increase of Calcidiscus leptoporus and Helicosphaerids

~ Interglacial
o e B

————— & 3.3End of Emiliania huxleyi dominance (<20%)

™ Change in dominance between E. huxleyi/G. muellerae

Glacial

Recurrence of E. huxleyz w1tlf<* —the "li g‘" group of coccoliths like:
100* C. leptoporus, H. carteri, S. pulchra o —9 53 Interglacml

01’)/’/.6/2. — 5,5 End of recurrence /
762 :
7::j:113\j—.>q 6,3 Dominance of small of £. huxleyi
150 Y~ .
4 Gephyrocapsa s mainl
R \G lérl)i’sonzi) & Gplim(tellem}e" ) Glacial
g e
6,6
— 1 End of small Gephyrocapsa sp o
S R O [T ||||||||||||||||||||||||||||||||||||||||||ﬂFIIII$P§
200 Recurrence of G. oceanica 1,2 \.\~ =
R T e E A T T I 7
with H. carteri, H. hyalina 7,3 Increasing of G. oceanica
and H. wallichii 7,4 — Interglacial V]|
I|I|I|I|II|||II|||||I|I|||I|II|II||I|II|||||I|||||IIMIIIIIIII|IIII!IIIII!IIIII!IHIHIIIII!IIIII!IIIHJQIII!IIHI!IISIQ.
250
8,3 =
* =
266 * First Occurrence of Emiliania huxleyi e
[e]
Dominance of Gephyrocapsa oceanic 2

with small Gephyrocapsa s

300 Glacial V]I

. 9

Figure 2. The eight coccolith associations presently recogni zed (organized in
alternations of events based on the "light” and "heavy” groups schema), each
indicating a climatic zone interval (labeled | to VIIl). Zones |, IIl, V and VI
are generally indicative of warm interglacial periods ("light” group of cocco-
lith flora), while, zones II, IV, VI & VIIl are indicative of cold or glacial
periods ("heavy” group of coccolith flora). Calibration of the bioevents was
made rel ative to the stable oxygen |sotope stages (AOS) 1 to 9. Cal careous nan-
nofossil data are plotted agai nst "0 val ues of @. bulloides curve obtained by
ScHv EDL et al ., (1998). The |eft columm shows absolute age estimations (the
bottom core dates to 330kyrs). Nunbers in bold delineate isotope substages (e.g.
1,1; 3,3;etc.). Star in bold points to the E. huxleyi FO (OS 8, climatic zone
VIII to VIlI: 266ka). Note the heavy arrows indicating significant changes in the
conposition of the coccolith associations (dom nances of species, etc.). Sl to
S10 refer to the recorded sapropel formations included in the investigated core
material. Nunbers included in the colum of the climtic zones represent thick-
nesses of the core (in cn); Total recovered core thickness is 1,120cm
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recent poverty of species and individual fauna in the abyssal part of the lonian
Sea (MuLLINEAUX and LoHMANN 1981, RossiGNoL- STRICK et al . 1982, CASTRADORI 1993,
Rossl GNOL- STRICK 1995, CHEDDARDI and Rossl GhoL- STRICK 1995) .

Like in the foranm nifera mentioned above, in our study the npst extrene en-
vironmental conditions occur during times of sapropel formation as well, when
coccolith diversities markedly decrease and becone very low in nunber or even
the whol e cal careous nannoflora seens to disappear. Such negative fluctuations
in the abundance of calcareous nannofossils were also reported for the S1
stratigraphic level of the eastern lonian Sea by NeGR & GUNTA (2001). In
contrast to the benthic foram nifera fauna recovered from the present core (in
ScHMEDL et al. 1998), where the diversities remained very |ow sone thousand
years after cessation of anoxic conditions (directly above sapropels S5 and S1),
the coccolith associations seem to "recolonize" this area wthin a short tine
interval before or after sapropel formation. It is also inportant to note, that
within sapropel S6, being considered a conposite nulti-layer formation
predom nantly characterizing glacial conditions, a high participation of the
di ssol ution-resistant helicosphaerid-group was observed, although they usually
represent the ”"light” group of calcareous nannofossils. But this fact is
probably according to the situation of sapropel S6 (at |east of the basal part
of it), at the isotope stages 6 to 7 boundary approximtely, thus, naking
possi bl e physical conmponents supply of either glacial or interglacial origin,
dependi ng on the sapropel subl ayer.

Furthernore, two questions are raised through the present study: Firstly, if
the climatic fluctuations described herein are isochronous over the broad area
of eastern Mediterranean or at least in the lonian Sea, and secondly to what
degree does climate, as reflected in the oxygen and carbon isotope record,
arbitrate the first and | ast appearance events of individual coccolith species?
Such variations in the climatic and oceanographic conditions during deposition
of the first, younger sapropel |ayer S1 have been al so suggested for the Aegean
Sea by Geraca et al. (2000). Further, within the Late Pleistocene, the oxygen
i sotope record is considered a high precision correlation tool and allows for
fine resolution in the order of +2000 years (THERSTEIN et al. 1977). Therefore,
it is of paricular interest a correlation of this record with the cal careous
nannof ossi|l signal under the present approach of establishing climatic intervals
or zones.

Additionally, in order a) to better understand and avaluate the changes in
the central-eastern Mediterranean Sea past water-nmasses circulation and
pal eoceanography and b) to test the accuracy of significant bioevents or
boundaries of climtic zones established relative to coccolith associations,
current biostratigraphic and pal eoecologic research is at the noment undertaken
i ncluding study of three new piston cores recovered from the adjacent area of
the lonian Sea and south of Crete island.
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