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Riassunto. E stato svolto uno studio dettagliato su due box
cores provenienti dal Mediterranco orientale (BC02 e BC06) e su una
carota a pistone proveniente dall’Adriatico meridionale (AD91-17), sul
rapporto di sotto-saturazione degli alkenoni, un approccio molecolare
per la ricostruzione delle temperature marine superficiali (SST) del
passato. Lo scopo ¢ stato di identificare gli eventi climatici degli ultimi
16 Ka, con particolare attenzione alle condizioni durante la formazione
del sapropel S1. Un attento confronto delle tre curve della temperatu-
ra ha rivelato l'assenza di un raffreddamento nell'evento stadiale
Younger Drvas e di un riscaldamento negli eventi interstadiali
Boelling/Alleroed. Subito prima della base del sapropel S1, le SST
calano per poi aumentare di circa 5°C durante l'intervallo di depo-
sizione del sapropel. All'interno del sapropel S1, le SST mostrano un
marcato riscaldamento seguito da un chiaro raffreddamento. Negli
intervalli pid alti le temperature sono per lo piti costanti, sebbene si
UHSUT\'i SL‘[“Pl‘C un evento CﬂidO, L?l.leﬁt'.l f'.l.‘;f_‘ d! I"I-Scﬂ.ld'dl“eﬂlo PO“’CIJ}JE
corrispondere al "Optimum Climatico Alto Medioevale” (nella carora
AD91-17) e al "Optimum Romano” (nei box cores).

Abstract. A deuiled study has been performed on two eastern
Mediterranean box cores (BC02 and BC06) and on a southern Adriat-
ic piston core (AD91-17) on the alkenone unsaturation ratio, 2 molec-
ular proxy for past sea surface temperatures. The aim was to identify
chimatic events of the last 16 Ky, with particular attention on the con-
ditions during formation of sapropel S1. All three temperature curves
lack evidence for cooling in the Younger Dryas stadial and warming in
the Boelling/Alleroed interstadial events. Just prior to the sapropel S|
base, SST cooled and increased by about 5°C during the sapropel dep-
osition interval, Within sapropel S1. $ST show a marked warming fol-
lowed by a clear cooling. In the topmost intervals of the cores SST are
mostly constant, but a warming event is always observed. This warm-
ing phase may correspond to the "Medieval climatic Optimum" (in the
AD91-17 core) and to the "Roman Optimum” (in the box cores).

Introduction

Alkenones are organic molecules that are pro-
duced by a group of haptophyte algae, most notably the
coccolithophorid Emiliania huxleyi (Volkman et al.
1980; Brassell et al. 1986a, b; Westbroeck et al. 1993).

Field sampling and culture experiments with vari-

ous species of haptophytes suggest a relationship
between water temperature and the number of double
bonds of alkenones with 37 carbon atoms (Brassell et al.
19864, b). The unsaturation ratio is expressed as:

Uk's? = [C37:2 - C37.4] / [Ca72 + Ci7.3 + Ci74]

It was later modified by removing the term corre-
sponding to the 37:4Me alkenone, because this com-
pound was rarely found in open-sea sediments or water-
column particles (Brassell et al. 1986a; Prahl & Wakeham
1987):

uky, = [C37:2] / [C37.2 + Csz.5]

Uk'_‘,; has been shown to vary linearly with the
ambient water temperature (at least over the range 8-
25°C) of cultured organisms (Prahl & Wakeham 1987;
Prahl et al. 1988). In open-sea environments, Uk'37
covaries with sea-surface temperature of the euphotic
zone where the alkenones are biosynthesized by specif-
ic haprophytes (e.g. Emiliania huxleyi, Gephyrocapsa
oceanica) (e.g. Volkman et al. 1980, 1995; Miiller et al.
1998). This correlation between Uk'37 and sea surface
temperatures has been the basis to reconstruct past SST
from sedimentary alkenones and has been applied in
paleoceanographic studies of marine environments (e.g.
Jasper & Gagosian 1989; Eglinton et al. 1992; Chapman
et al. 1996; Miiller et al. 1998).

The advantage of alkenones is the possibility to
reconstruct absolute temperature values, with a relative
small analytical error (Prahl & Wakeham 1987; Rosell
Melé et al. in press). Only small amounts of sediment
material are needed for the analyses (1-2 g). Together
with an increasingly automated methodology, this per-
mits to study a large number of samples resulting in
high-resolution SST records (Madureira et al. 1997;
Cacho et al. 1999a, b). Alkenone-based SST reconstruc-
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tions have been used to reconstruct short and relatively
small temperature variations. In NW African cores, for
example, climatic changes of 200 to 500 years duration
were registered during the last 80 Kyr (Zhao et al. 1995),
or of 70 to 200 year duration during glacial terminations
I, I1, IV (Eglinton et al. 1992; Zhao et al. 1993), with
temperature oscillations of about 1-3°C.

Another advantage in using alkenones as paleo-
T.'CITIPL'I':IIUI'C l‘ECOI'IS['l'LlCtiOT‘lS to use [heTTI f()r tﬁ'mpel':-l-
ture correction of oxygen isotope values in order to
reconstruct paleosalinity records. This is particularly
interesting for the Mediterranean Sea, where changes in
salinity have strongly influenced the isotopic signal in
the past (Rohling & De Rijk 1999).

Recent studies in the castern Mediterranean Sea
(Emeis et al. 2000; Emeis et al. submitted) reconstruct-
ed the temperature and salinity history of the surface
water during the last 16,000 vears to recognize the phys-
ical factors that contribute to sapropel formation. The
authors find that sapropel S1 began to form at the same
time, when a significant salinity and density decrease
occurred in the Tonian Sea.

Aside from the molecular thermometer, 8'0 and
sea surface temperature records derived from census
data of planktonic foraminifera were used from Kallel et
al. (2000) to estimates the oxygen isotopic composition
of surface water (8w), during the last 200,000 years in
the Tyrrhenian Sea and Levantine basin. The authors
shows strong dw/salinity decrease in both basins associ-
ated with cach sapropel, reflecting a drastic change in
local freshwater input comparable to that observed dur-
ing the sapropel S1 (Negri & Giunta 2001; Giunta
2001), here studied. The temperature range obtained by
Kallel et al. (2000) from foraminifer census data agrees
well with those obtained by Emeis et al. (submitted)
from Uk'p, although the detailed patterns differ signi-
ficantly.

On the other hand, the alkenone-based method of
SST reconstruction has some limitations. Rossel-Melé et
al. (1995) observed some disagreement between water
samples temperature and Atlantic surface sediment
UI"_W. possibly because the alkenone producing organ-
isms were not correctly identified. In fact, although dif-
ferent species can inhabit similar ecological and geo-
graphical niches (i.e. E. buxleyi and G. oceanica, within
coccolithophores) (MclIntyre 1967) their bloom period
could be different (autumn-winter for G. oceanica,
spring-summer for E. huxleyi), and therefore Uk'_w can
registered different SST periods (Herbert et al. 1998).

Some systematic studies were performed on sus-
pended matter and surface sediments also in the
Mediterrancan Sea (Cacho et al. 1999a; Ternois et al.
1996, 1997), with the aim to elucidate the relationship
berween SST and U]"_;; for this marginal sea.

An apparent systematic difference in slope of the
Uk'_;; - temperature relationship between column partic-

ulates (Ternois et al. 1997) and core tops sediments
(Miiller et al. 1998) is observed especially in the western
Mediterranean Sea (Cacho et al. 1999a). The authors
found spring suspended particulate Uk'_;;,- values in
agreement with water column temperatures, according
to the regional calibration of Ternois et al. (1997). How-
ever, surface sediments show Uk'_:,;; values closely in
agreement with annual average near-surface temperature
obtained with Miller et al. (1998) core top calibration.

For reasons given clsewhere (Emeis et al. 2000),
we chose the Miiller et al. (1998) calibration instead of
the Ternois calibration for the Eastern Mediterranean
Sea; Emeis et al. (2000) also discuss possible errors
introduced by this choice.

Although alkenones are relatively stable com-
pounds, a further error in alkenone SST estimates may
arise, for some authors, from a variable overprint of the
alkenone unsaturation patterns by diagenesis under oxic
and anoxic conditions (Gong & Hollander 1999; Hoefs
et al. 1998; Prahl et al. 1989). Gong & Hollander (1999)
found systematic offset between SST estimates from
coeval laminated and neighboring non-laminated sedi-
ments. The SST estimates of anoxic sediments were
found to be colder by 2.5°C, attributed to bioturbation
mixing and possible preferential degradation of the tri-
unsaturated C;; methyl ketones relative to the di-unsat-
urated Cy> methyl ketones under oxic conditions. Their
interpretation are in line with arguments presented by
Hoefs et al. (1998), but contradict earlier studies (Prahl
et al. 1989) that found no evidence for preferential
degradation,

Recently, Grimalt et al. (2000, 2001) shed light on
possible analytical causes for seeming preferential degra-
dation of tri- versus di-unsaturated Cs; alkenones. They
found higher absorption of Cs5.5 than Cj7,5 on capillary
columns at low alkenone concentrations in the injected
sample volume. The absorption effect will shift the
Uk'_-,;; indices toward higher values (warmer tempera-
tures), and is of concern to many of our samples. In the
work presented here, oxic sediment often shows
alkenone concentrations near and even below these crit-
ical values. Should a systematic chromatographic artifact
have caused raised Uk'_;; and higher calculated SST of
then the difference
between oxic mud deposited during glacials and sapropel

oxic sediments, temperature
S1 become even greater and thus confirm our main con-
clusions. However, this analytical error must be consid-
ered in interpreting short SST oscillations of about 1 -
2°C in sample intervals with low alkenone concentra-
tions.

In spite of possible problems that require addi-
tional work, the SST reconstructions based on alkenone
unsaturation give coherent SST estimates and permits to
reconstruct SST gradients, if several coeval cores are
investigated. No attempt has yet been made to investi-
gate the patterns of SST in the course of the deglacial
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and Holocene on the important North-South gradients
of SST in the castern Mediterranean Sea. This paper aims
to establish SST from alkenones in the Adriatic Sea and
Central Mediterranean area and to identify climatic
events of the last 16 Ky. Our aim is to reconstruct the
general course of sea surface temperatures in this area at
the transition from glacial to Holocene conditions. Par-
ticular attention is given to the climatic optimum, which
in the eastern Mediterranean Sea corresponds to an
anoxic event, resulting in the deposition of sapropel S1.

Materials and methods

Alkenones

Detailed alkenone analyses were performed on
two eastern Mediterranean box cores (BC 02 and BC06)
and on a southern Adriatic piston core (AD91-17)
(Fig.1). BCO2 and BC06 were collected during the R/V
Urania Cruise (17/11-12/12 1997), while AD91-17 was
recovered during the cruise AD91 performed by the
R/V Minerva. Visual description and on board speed
geochemical analyses reveals that all cores have a pre-
served organic-rich layer (sapropel S1) (Della Vedova et
al. 1997). The two box cores show also a successive oxi-
dized interval containing two levels enriched in Fe and
Mn, respectively (van Santvoort et al. 1987). A more
detailed description of the cores is given in Capotondi &
Morigi (1996) and Giunta (2001).

In the AD91-17 core, chronology is assessed by
4C AMS datings and by correlation to oxygen isotopic

record performed on G. bulloides by Capotondi et al.
(1999). This correlation allows to identify a warming
phase which Capotondi et al. (1999) made correspond
to the First Meltwater Event in Termination Tla (FME),
dated 12.300 years, and the beginning of the Younger
Dryas cold event. A #C AMS dating was performed at
170-171 cm with a corresponding age of 7750+60 years.
The two dated points permit the reconstruction of the
sedimentation rate of the core and to estimate an age of
16.1 Kyr for its bottom (Fig. 2).

In the two box cores, chronology is reconstructed
assuming an age of 8300 year (14C,,.BP) for the sapropel
S1 base (Rohling et al. 1997) and a constant sedimenta-
tion rate. This allows extrapolating an age of 16.3 Kyrs
for the base of BC 06, while the base of BC02 has an age
of 9.5 Kyr (Fig. 2).

Samples from half of each box core were taken
every cm in the hemipelagic intervals and every 0.5 cm
where the sapropel S1 and its oxidized part were present.
Due to the higher sedimentation rate in core AD91-17
from the Adriatic sea, samples were taken every 5 cm in
the hemipelagic interval between 2 and 128 cm, every 2
cm between 128 and 211 cm where the sapropel was rec-
ognized (except a gap between 186 and 201 cm, due to
the presence of a tephra layer and an erosion gap at the
sapropel bottom). Sample spacing was wider - every 10
em - from 211 to 322 ¢m,

For alkenone analyses, samples were freeze-dried,
homogenized and 30 ml of distilled CH,Cl, was added
to a weighted sub-sample. Soluble organic matter was
ultrasonically extracted (2x10 min); after each extrac-
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(HC,BP) for the sapropel S1 base (Rohling er al., 1997)
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and the dared ages for the AD91-17 core.

tion step, samples were centrifuged and the solution
(CH,Cly+ extractable lipids) was collected by pipette
and dried in a rotary evaporator to remove CH,Cl,.

The dried extracts were dissolved again in CH,Cl,
and cleaned by column-chromatography in packed silica
gel columns (conditioned with at least 30 ml CH,Cl,).
Eluates were then dried again in a rotary evaporator and
taken up in 100 to 200 pl n-hexane, of which 1-2 ul were
injected.

GC analyses were carried out on an HR 8000
Fisons gas chromatograph (FID, cold on column injec-
tion) equipped with 30 m fused silica capillary column
(DB5HT, JandW Scientific, 0.32 mm i.d., 0.25 mm film
thickness). Hydrogen was used as carrier gas (column
head pressure 110 kPa). In core BC02 oven temperature
programming conditions were from 45°C to 200°C at
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Fig.3 - Chromatographic quality of alkenone peaks in box core

BCO02, in the interval above (a), within (b) and below (¢)
the sapropel interval.

15°C min-! followed by an isothermal period of 10 min
at 200°C, from 200°C to 285°C at 15°C min-! (elution of
alkenones) to 330°C at 15°C min! followed by an
isothermal period of 10 min at 330°C. Due to good
separation of alkenones in core BC06 and AD91-17, a
different temperature program was used: from 45°C to
300°C at 15°C min-! followed by 15 min isothermal, and
to 330°C at 15°C min-! followed by 10 min isothermal.
Alkenones were recognized by comparing retention
times with those of synthetic standards (37:3Me and
37:2Me alkenones, provided by A. Rosell-Melé, New-
castle), and those of an in-house standard (sapropel
from Mediterranean Sea).

Peak areas were integrated to calculate the unsatu-
ration index (Uk';,;r), and subsequently the sea surface
temperature: SST = (Ul<'3,;» - 0.044)/0.033 according to



Sea surface temperature veconstruction 467

Box Core 02

T(*C)(UK3T)

cm0

Temperate interval

HH

g Interruption {7)

"
30
FB
40 =
/
Legend

Mn-rich laver - Sapropel S1

Fe-rich layer

Warm interval

Cold interval

Hemipelagic mud

Fig. 4

sithermal; PB = Preboreal event),

Miiller et al. (1998).

Alkenone concentrations were determined based
on detector responses relative to 5o-cholestane injected
as an external standard.

TC (Total Carbon) and TOC (Total Organic Carbon)

In box core BCO2, sub-samples of about 100mg
were taken and roral carbon concentrations were deter-
mined measuring the quantity of CO, emitted after
combustion at 1200°C in a Heraeus Elemental Analyzer.
Inorganic carbon was analyzed in a Eltra Carbon Ana-
lyzer after the addition of 5ml of 50% phosphoric acid
(H;PO,). As for total carbon, results are registered
automatically in percentage of C,,, in the sediment;
organic carbon was calculated as the difference between

Cio and C; (Tab. 1).

morg

'\ In

- Temperature curve, obtained using the alkenone unsaturation index (UX5-) and alkenone
concentrations in box core BC02. (RO = Roman Optimum; HH = Holocene Hyp-

Results

Sum C37 alkenones

(nglg) Alkenones
4500 BCO2 - A total of 55 sam-
ples were studied in this core
and alkenones were found in all
samples, but total amount dif-
tered significantly.

Alkenones are less abun-
dant between 43 and 33 cm and
between 21 and 1 ¢m
(hemipelagic mud intervals),
with concentrations between 62
and 22 ng/¢ and between 29 and
10 ng/g respectively (with the
exception of the first superficial
sample where values are 50
ng/g) (Tab. 2, Fig. 4).

these intervals, the
of Cs7, and Cyy;
alkenones, although always rec-
chro-

peaks

ognizable in  the
matograms, are not well defined
and overlain by peaks of other
organic compounds (Fig. 3a, ¢).
These coelutions made a correct
integration and estimation of
the real alkenone quantity diffi-
cult. For some samples the prop-
er estimate of peaks areas was
impossible, because of peak
overlaps (samples 23, 23.5, 26.5,
43).

The chromatograms
improved considerably in the
interval between 33 and 27 c¢cm
(preserved S1 interval), where
high quantities of alkenones
were found (from 4056 to 103
ng/g) (Fig. 4). The good defini-
tion of peaks permitted a precise estimation of the peak
areas and alkenone quantity within the samples (Fig.
3b). Concentrations were lower in the interval between
27 and 21.5 em (oxidized S1 interval), with values
between 37 and 9 ng/g, showing again some peak over-
lapping by other substances.

The temperature curve (Fig. 4) shows a continu-
ous increase of temperature in the interval between 42
and 33 cm from 10.8°C to 15.2°C, with a pronounced
warming at 40-41 ¢cm to around 12°C. Temperature
increased from 32.5 ¢m and were more constant to
approximately 20 cm with values between 16.2°C and
17.8°C. At 24.5 cm the temperature dropped slightly to
16.4°C, rising to 20.8-18.5°C at 21-22 e¢m. SST were
rather uniform in the 20-1 em interval, with values
between 15.8°C and 14.2°C and a small excursion to
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16.3°C to 16.8°C between 9 and 8 cm.

BCO06 - We analyzed 55 samples in this box core
and found alkenones in all samples, but in variable quan-
tity. Alkenone concentrations were low in the intervals
between 46 to 26 cm and 20.5 to 0 cm (hemipelagic mud
+ oxidized SI intervals), with values between 79 and 12
ng/g and 15 to 8 ng/g respectively (Tab. 3, Fig. 5). In
these intervals of low concentrations, the chromato-
graphic peaks, although always recognizable, were not
well defined and often overlain and partially hidden by
peaks of other organic compounds. In samples from 19
cm and 47 cm, proper estimate of peak areas was not
possible. Much higher quantity of alkenones character-
ized the interval between 25.5 and 21 cm (S1 interval),
with concentrations berween 952 to 91 ng/g and good
peak resolution (Fig. 5).

The temperature curve (Fig. 5) shows a continu-
ous increase in the interval between 46 and 25.5 ¢cm from
7.3°C to 15.2°C, with some minor oscillations. A sudden
decrease of temperature at 25 cm by 14.4 °C interrupts
the warming trend. Resumption of increasing tempera-
tures characterized the interval between 24.5 and 19.5
em, reaching a maximum of 21.8°C, values varies little
upward to 16 em. At 20 c¢m the temperature drops
slightly to 20.2°C. From the SST maximum, temperature
decreases gradually in the 16-0 c¢m interval. A brief
warming between 6 and 4 em, where SST reaches 18.1-
17.4°C, coincides with a thin sediment layer rich in
pteropods. The youngest sediment had a temperature of
14.5°C.

AD91-17 - As in the other two cores, all 61 sam-
ples studied contained alkenones, but again the quantity
varied. Alkenone concentrations were low in the inter-
vals between 322 and 201 c¢m and 118 and 0 cm
(hemipelagic mud intervals), with values around 32 and
8 ng/g and between 50 and 17 ng/g, respectively (Tab. 4,
Fig. 6). Peak integration was difficult in these samples,
but nevertheless it was possible to integrate the peaks of
all samples. Gradually higher quantity of alkenones
characterized the interval between 186 and 123 cm (SI
interval), with values between 384 to 63 ng/g and good
peak qualiry.

The temperature curve (Fig. 6) shows a rather
homogeneous trend in the interval between 322 and 201
cm, characterized by values around 10°C. A small
decrease of temperature at 203 em (9.7°C) precedes a
sudden increase by 5°C to warmer temperatures that
characterize the rest of the interval. Within this warming
we can distinguish an interval with variable temperatures
around 15°C (186-167 cm); a positive excursion to 16°C
(163-157 c¢m) followed by a decrease to 14.4-14.1°C
(153-151 cm). Temperature returned to 15°C in the
interval between 147-128 cm with some oscillations, The
interval from 123 to 93 cm had rather constant temper-
atures around 16.6°C. Towards the top (88-2 cm) tem-
peratures decreased from 16.1 to 14.1°C even if some

oscillations were present. A marked one was between 33
and 2 cm with 15.9°C.

Carbon

[norganic carbon concentrations in box core
BCO02 show major changes in the interval between 43
and 22.5 ¢m, with two isolated small peaks at 33 cm
(5.8%) and at 30.5 cm (5.6%). A marked increase is
seen between 26 and 23 cm (6-6.7%),while values were
around 4.7 and 5.5% in the remainder of the record.
TIC dropped at 28 cm (4.5%) and 22.5 e¢m (5.7%). Lit-
tle change is seen in the interval between 22.5 and 1 ¢m
(Tab. 1; Fig. 7) with concentrations from 5.8 to 4.9% in
the first 15 cm and a gradual small increase from 21 to
17 ecm with maximum value of 6.2%. The C,,
has only one interval in which values reached between
0.8 and 4.3% (34-27 ¢m) and outline a broad peak. The
rest of the curve has values that are constant between

0.4-0.9%.

curve

Discussion

Previous paleoclimatic reconstructions of the gla-
cial to Holocene transition in the study area have main-
ly been based on faunal assemblage and stable oxygen
isotope data (Vergnaud-Grazzini et al. 1977, 1988;
Capotondi & Morigi 1996; Capotondi et al. 1999). In
this study we define the paleoclimatic conditions during
the studied period by alkenone unsaturation ratios and
SST calculated from that ratio. In addition to informa-
tion on SST, the alkenone concentration curves (Fig. 4,
5, 6) clearly marked the extension of the organic-rich
interval of the S1 sapropel.

a) lonian Sea

The alkenone-based temperature curves of the box
cores BC02 and BCO6 (Fig. 4, 5) suggest a clear distinc-
tion of three principal intervals. These are from the bot-
tom: a first cold interval (11-12°C in BCO02; constantly
warming with values between 7.1° and 15.2°C in BC06),
a second warming interval starting just at the base of the
sapropel S1 (about 17°C in BC02 and 16.9-21.8°C in
BC06) and a last temperate and more constant interval,
with temperature around 15°C in BC02 and 16°C in
BCO06, above the sapropel.

The temperature increase below SI in the two
cores is from as low as 7°C to 15°C just before the onset
of sapropel deposition. It is of note that the SST increase
is very uniform, and lacks structure seen in other cores
from the western Ionian Sea (Emeis et al. 2000). Using
the onset of S1 as an isochronous stratigraphic marker in
both cores, the SST evolution both in structure of the
curve, and in absolute temperatures, is virtually the same
at both locations in the eastern Ionian Sea. Minor fluc-
tuations are seen in both cores, but the SST reconstruc-
tions in the basal colder interval have remarkably little
structure and lack clear temperature signals of stadials
and interstadials during the deglaciation, such as the
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Younger Dryas (YD) and the Boelling/Alleroed (B/A)
events. The sapropel is always preceded by a more or less
marked cooling that could correspond to the Preboreal
oscillation, recognized in some eastern Mediterranean
cores (Emeis et al. 2000).

Transition to the sapropel and the middle part of
the SST curves is always characterized by a warming
trend by about 5°C and high SST characterize sapropel
S1. Warm SST persist to the dark layer associated with
the two oxidized intervals (Fe and Mn-rich), that were
proposed to represent the oxidation of the sapropel after
re-oxygenation of the deep water (De Lange et al. 1989;
van Santvoort et al. 1997). The presence of constant
temperature in the entire interval suggests that deposi-

Hemipelagic mud

Pteropod-rich layer

- Temperature curve, obtained using the alkenone unsaturation index (UK.} and alkenone
concentrations in box core BCO6., (RO = Roman Optimum; HH = Holocene Hyp-

tional conditions remained the
Sum C37 alkenones same during sapropel deposition
(ng/) w00 up to the oxidation tront. The
burning down of the upper part
of the sapropel was confirmed
by nannofossil analyses (Negri
& Giunta 2001) and by the ben-
thic foraminiferal assemblage
(Morigi pers. comm.) showing
persisting anoxic conditions in
the interval above the present-

day sapropel top.
Within the middle interval
and precisely in the oxidized Fe
rich level, we can distinguish a
warming phase (at 25.5 cm in
BC02 and 205 c¢cm in BCO06)
immediately followed by a cool-
ing of about 1.4°C (at 24.5 cm in
BCO02 and 20 e¢m in BCO06). This
slight cooling event may corre-
spond to a short period of
sapropel interruption (de Rijk et
al. 1999), although evidence of
repopulation by deep benthic
found
(Principato pers. comm.). In
BC02 and BCO6, highest SST
(18.5°-20.8°C) occur within the
oxidized Mn-rich part above
sapropel S1. This interval proba-

fauna have not been

bly represent the peak of the
Holocene  Hypsithermal — at
about 6 Ky. The SST curves sug-
gest that warm conditions, that
contributed to water column
stratification before the sapropel
deposition, continued until the
end of the sapropel period. The
warming trend ended at 19 cm in
BC02, and at 12 cm in BCO6. At
the same levels in the cores,
Negri & Giunta (2001) observed changes within the
coccolithophorid assemblage: the last common occur-
rence of the species Braarudosphaera bigelowii, corre-
sponding to the end of the low salinity water event that
characterized the upper part of the sapropel deposition,
was recognized just above the Mn-rich oxidized layer.
This suggests the presence of a transitional period
between anoxic and oxic conditions, with still warm and
low salinity waters. The only period when the two Ionan
Sea records differ significantly is in the interval just
above the preserved sapropel: samples from BC06 are
4°C warmer than those from BCO02.

Temperate and more constant sea surface temper-
atures characterize the post-sapropel period. In this
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Fig. 6 - Temperature curve, obrained using the alkenone unsaturation index (UFy5) and alkenone

concentrations in core AD91-17; (hMO = high Medieval Optimum; bYD = Younger
Dryvas beginning: FME = First Melt-water Event in termination Ia, according to Capo-

tondi et al. 1999).

period, a phase of warmer SST (16.4-16.8°C in BC02 and
18.1°C in BCO6) is present. Assuming a linear sedimen-
tation rate, the age calculated for this warming phase is
between 1700-1900 yr B.P. If we assume a constant sed-
imentation rate from the sapropel bottom (assumed of
8300 yr from Rohling et al. 1997) to the core top, the
event may represent the "Roman Optimum" which
occurred between 1 and 140 a. D. (Veggiani 1986, 1994).
This will be tested by dating (Corselli pers. comm.,
2000).

Although both SST profiles are very similar, such
short and small SST oscillations (about 1 - 2°C) record-
ed in core sections with low alkenone concentrations in
the post-sapropel period may be analytical artifacts

Sum C37 alkenones

(Grimalt et al. 2000, 2001) and
must not be over-interpreted.
(ng/g) 500 b) Adriatic Sea

) The temperature curve
obtained for the AD91-17 core
(Fig. 6) shows more detail,
thanks to the high sedimenta-
tion rate. Uniform SST charac-
terize the interval berween 322-
252 cm that represents the late
glacial (on average 10°=0.9°C).
A small warming of 2°C follows
the Capotondi et al. (1999)
"First-melt Water Event" in Ter-
mination Ia, identified at 250
cm.

A small cooling of 2°C is
noted at 203 cm and corre-
sponds to the beginning of the
Younger Dryas. The entire YD 15
not represented, because a
stratigraphic gap is present in
the core (Capotondi & Morigi
1996). A sudden increase of 5°C
is observed at the bottom of
sapropel S1 (to 15°C). SST oscil-
late around this value in the
entire organic rich level S1.

Both sea surface tempera-
ture and benthic faunal assem-
blage data suggest that sapropel
Sl deposition was interrupted
during a brief period, represent-
ed in this core at 153 to 151 cm,
although no clear colour changes
or organic carbon variations are
observed. In this interval we
notice a cooling of about 2°C at
a time when deep infauna repop-
ulated the sea floor (Mongi pers.
comm.). Both observations are
consistent with a rapid re-oxy-
genation of the bottom environment due to surface
water cooling (de Rijk et al. 1999).

After the sapropel interruption, SST increase
again by abourt 2.5°C (147-128 ¢m), and maintain con-
stant values above S1 all through the middle Holocene
interval (123-93 ¢cm). Maximum SST were around 17°C.
Towards the top, SST fluctuate between 14 and 16°C
during the last few thousand years (88-2 cm). The gen-
eral decrease is interrupted by a warm period between 33
and 2 cm. The interpolated age of this warming period is
approximately 1000 yr B.P. and may thus correspond to
the "high-Medieval climatic Optimum" or "little climatic
optimum" (Veggiani 1986, 994; Marabini & Veggiani
1993) that occurred between 800 and 1200vr a.D. How-
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g - Distribution of total, organic and inorganic carbon in box core BC02.

ever, in order to confirm this speculation, new AMS 4C
dating will be necessary.

A comparison of the two records (Ionian versus
Adriatic Sea) reveals some remarkable differences:

1. A temperature gradient developed between the
Ionian Sea and Adriatic during the deglacial. Whereas
the Adriatic Sea record shows consistently low (between
9°C and 11°C) SST, the Tonian Sea became increasingly
warmer. This gradient steepended during S1 formation:
at the onset of S1 deposition, it was 2°C and reached 5°C
at the end of S1. A similar SST range as that found in the
sapropel from two eastern Ionian Sea records, was found
in the central Tonian Sea by Emeis et al. (1998), with
average temperature fluctuating around 17.1 = 1.1°C in
the lonian Sea. At the same time, SST in the Eastern
Mediterranean Sea were 2°C warmer. The SST gradient
in our records diminished in the post-S1 period, where
temperature varied around 15-16°C in the Ionian Sea
and around 14-15°C in the Adriatic. Our results suggest
a significantly steeper N-S than E-W temperature gradi-
ent prior to and during S1 deposition in the Eastern
Mediterranean Sea; the gradient seen in the post-Si
intervals approximately corresponds to the climaric dif-

ferences observed in modern
times.
Corg. (%) 7. The

2 difference
1 2 3 4 5

between minimum glacial SST
and maximum interglacial values
exceeds 14°C in the Ionian Sea
(BC06), whereas the Adriatic
core show a warming of only
about 7°C. Although AD91-17
did not recover the full glacial
SST minimum, it appears that
Holocene warming in the north-
ern periphery of the Mediter-
ranean Sea was less pronounced
than in the central Mediter-
ranean. The Tonian warming is
also considerably larger also
than that described by Cacho et
al. (2001) for the Alboran and
Tyrrhenian Seas. In the western
basin, the difference between
minimum glacial and maximum
interglacial SST is around 8-9°C.
This is in agreement with the
authors hypothesis that SST
oscillations were larger towards
more intra-Mediterranean loca-
tions.

3. The Holocene SST
trend is very similar to that
described by Cacho et al. (2001)
for different sites of the Western
Mediterranean Sea. The authors
recognized a general cooling trend, briefly interrupted
by some short cooling events (1-2°C), that are more
intense in the Tyrrhenian Sea. This short-term variabili-
ty was probably in part transmitted through the inflow-
ing North Atlantic Water. The larger Tyrrhenian SST
variatio indicates a Mediterranean amplification, proba-
bly induced by changes in the wind regime that could be
related to processes in the North Atlantic.

Conclusions

A careful comparison of three sea surface temper-
ature curves reveals several common features, but also
some differences:

In the studied area, the Younger Dryas cooling
and Boelling/Alleroed warming phases are not recog-
nized in any of the three records.

All curves show a short cooling event just
before the sapropel S1 base, which probably represents
the Preboreal oscillation at 9600 yr.

The sapropel is always characterized by warm-
ing SST (on average an increase of 5°C).
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Depth CTOT C inorg.
(cm) (%) (%)
1 59 5

2 6.1 8.5
3 6.5 5.7
4 6.7 59
5 6.7 59
6 6.6 5.8
7 6.3 5.6
8 6.2 8.5
9 6.3 55
10 6.2 5.5
11 6.3 56
12 6.3 5.6
13 6.6 58
14 6.6 5.8
15 6.4 87
16 6.5 59
T 6.9 6.1
18 6.9 6.1
19 6.9 6.2
20 6.8 6.2
21 6.8 6
21.5 6.6 59
22 6.4 By
225 6.4 5.7
23 6.6 6
235 6.9 6.1
24 7 6.4
245 73 6.7
25 6.9 6.1
255 7.4 6.7
26 Z 6.3
26.5 6.3 5.7
27 6.2 5.3
27.5 6.2 5.2
28 57 4.5
28.5 7.4 4.7
29 8.7 4.7
29.5 8.7 4.8
30 9.2 5.2
30.5 9.5 56
31 9.4 53
315 9.5 52
32 9.2 5.2
325 9.1 5.4
33 7.6 58
34 6.4 55
35 6 53
36 58 52
37 58 52
38 6.1 &5
39 8T 49
40 6.3 5.8
a4 6.2 5.7
42 5.8 53
43 5.5 5
Tab. 1 - Results of the carbon analvses
(total, organic and inorganic
carbon) on box core BCC2.
Tab.2 - Results of the alkenones analy-

ses on box core BCO2.
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0.402

10.8

Sum C37
BC 02- alkenones
depth (cm) | Area 37:3 Area37:2 UK37 T[°C] (ng/qg)
1 186403 221844 0.543 15.1 50
2 463089 491780 0.515 14.3 29
3 196655 205100 0.511 14.2 15
4 219463 240437 0.523 14.5 12
5 177310 220190 0.554 15.5 14
6 193446 207932 0.518 14.4 13
7 174383 207000 0.543 151 13
8 147620 220912 0.599 16.8 12
9 270288 379500 0.584 16.4 23
10 58098 60650 0.511 14.2 4
11 195014 221035 0.531 14.8 15
12 155149 201651 0.565 15.8 14
13 176969 244081 0.58 16.2 12
14 217456 255033 0.54 15 15
15 133061 186361 0.583 16.3 13
16 172310 214299 0.554 15.5 10
17 160666 201468 0.556 15.5 13
18 149880 194104 0.564 15.8 13
19 197267 230979 0.539 15 16
20 209304 286979 0.578 16.2 15
21 138739 264722 0.656 18.5 13
21.5 89050 190761 0.682 19.3 18
22 38761 105564 0.731 20.8 11
22.5 65112 109259 0.627 17.7 12
23 - - - - -
23.5 = = > 3 s
24 132321 227339 0.632 17.8 28
24.5 58647 82727 0.585 16.4 9
25 135058 222474 0.622 17.5 30
25.5 122685 211069 0.632 17.8 37
26 107520 172115 0.615 17.3 22
26.5 - - - - -
27 245441 379402 0.607 171 103
27.5 242154 413295 0.631 17.8 151
28 793394 1314771 0.624 17.6 733
28.5 500378 748926 0.599 16.8 2010
29 389795 569712 0.594 16.7 2906
29.5 498202 786875 0.612 17.2 3008
30 194628 305692 0.611 17.2 2928
30.5 248348 382276 0.606 17 3247
31 183388 289238 0.612 1722 4056
31.5 246695 401031 0.619 17.4 1957
32 212774 337441 0.613 17.2 1742
32.5 186796 262107 0.584 16.4 1148
33 63831 76183 0.544 15.2 160
34 141692 167245 0.541 15.1 56
35 108448 115233 0.515 14.3 33
36 738137 646213 0.467 12.8 50
37 568462 422272 0.426 11.6 35
38 741720 537529 0.42 11.4 42
39 712752 513517 0.419 11.4 38
40 608269 485659 0.444 12.1 22
41 954116 763152 0.444 12.1 62
42 627481 422347 26
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Sum C37
BC 06-depth alkenones
(cm) Area 37:3 Area 37:2 Uk37 T[°C] (ng/g)
0 143363 162063 0.531 145 30
1 124471 160568 0.563 15.4 13
2 163500 218962 0.573 15.7 14
3 133073 187502 0.585 16.1 13
4 91179 154828 0.629 17.4 10
5 71678 135368 0.654 18.1 14
6 134436 253951 0.654 18.1 14
7 79028 119538 0.602 16.6 9
8 111314 160252 0.59 16.2 11
9 120231 169463 0.585 16.1 12
10 93190 126079 0.575 15.8 10
11 111627 158034 0.586 16.1 11
12 94513 134354 0.587 16.1 10
13 101497 155655 0.605 16.6 11
14 116141 205890 0.639 17.6 15
14 duplicate | 129772 216579 0.625 17.2 16
15 73189 155418 0.68 18.9 10
16 51098 126820 0.713 19.8 8
17 54254 167605 0.755 21.1 11
18 46455 153847 0.768 214 12
19 - - - - -
19.5 50535 179138 0.78 21.8 16
20 115858 309539 0.727 20.2 47
20.5 18036 61681 0.774 21.6 13
21 75848 168793 0.691 19.2 91
21 duplicate | 91201 200802 0.688 19.1 110
21.5 165140 306720 0.65 18 522
22 266500 466452 0.636 17.6 856
225 205886 504741 0.63 17.4 910
23 184777 336272 0.645 17.8 952
23.5 204800 357297 0.636 17.6 675
24 192515 305275 0.613 16.9 711
245 260111 335404 0.563 15.4 750
25 171735 191639 0.527 14.4 556
255 65364 79332 0.548 15 159
26 64806 81435 0.557 15.2 79
27 57103 68117 0.544 14.9 64
28 42519 44586 0.512 13.9 45
29 88371 81912  0.481 13 29
30 106904 88188 0.452 121 33
31 98113 79415  0.447 12 29
32 70065 53793 0434 1186 30
33 74300 60668 0.448 12 33
34 81287 64377 0442 11.9 36
35 53748 38429 0.417 111 31
36 65345 43135 0.398 10.6 37
37 60132 32257 0.349 9.1 31
38 40104 25036 0.384 10.1 22
39 28328 14380 0.337 8.8 21
40 25626 11589  0.311 8 19
41 19180 8897 0.317 8.2 14
42 26459 11657 0306 7.9 19
43 35669 14445 0.288 7.3 25
44 28546 13248 0.317 8.2 21
45 27119 10584 0.281 7.1 19
46 17554 7043 0.286 7.3 12
47 - - - - -
Tab.3 - Results of the alkenones analyses on box core BCQ6.
Tab. 4 - Results of the alkenones analyses on core AD91-17.

A short cooling event can be distinguished
within the organic-rich or oxidized 5;1p1'0_pcl sequence. [t
may correspond to an interruption of the sapropels
(best defined only in the AD91-17 south Adriatic core).

Sum C37
AD91-17 alkenones
depth (cm) | Area 37:3 Area 37:2  Uk37 T[°C] (ng/g)
2 90338 96688 0.517 141 17
8 262548 307274 0.539 14.7 49
13 90720 125306 0.58 15.9 21
18 96851 129182 0.572 15.7 19
22 88898 122122 0.579 15.9 26
28 129562 153720 0.543 14.8 28
33 135973 141115 0.509 13.8 23
38 213907 240042 0.529 14.4 a3
43 217948 286377 0.568 15.6 43
47 234240 262593 0.529 14.4 42
52 111556 142132 0.56 15.3 24
52 duplicate 127857 159519 0.555 15.2 14
58 83717 113739 0.576 15.8 20
63 201862 272180 0.574 15.7 38
68 244400 365575 0.599 16.5 55
73 180401 256659 0.587 16.1 48
78 347655 460804 0.57 15.6 85
83 195953 283699 0.591 16.2 36
88 252796 357405 0.586 16.1 50
93 135480 211400 0.609 16.8 41
98 309187 479824 0.608 16.7 58
103 223264 342343 0.605 16.6 24
108 348551 534666 0.605 16.6 39
113 263103 392939 0.599 16.5 29
118 654785 990527 0.602 16.6 72
123 130327 195062 0.599 16.5 63
123 duplicate] 135125 199613 0.596 16.4 33
128 265441 352096 0.57 15.6 227
131 207276 284202 0.578 15.9 183
133 293333 386997 0.569 15.6 287
137 124243 155099 0.555 15.2 108
141 358529 456738 0.56 15.3 320
143 227133 294230 0.564 15.4 244
147 440904 574715 0.566 15.5 339
151 181318 194368 0.517 141 130
153 120412 135204 0.529 14.4 113
157 154874 223417 0.591 16.2 68
157 duplicate] 241187 342628 0.587 16.1 161
161 322203 451709 0.584 16 144
163 386430 546814 0.586 16.1 153
167 339680 413716 0.549 15 127
171 714721 827153 0.536 14.6 277
173 271697 320954 0.542 14.8 119
176 318709 417291 0.567 15.5 216
176 duplicate| 329081 454009 0.58 15.9 213
178 302368 369441 0.55 15 301
181 521653 637211 0.55 15 368
183 446652 595441 0.571 15.6 384
186 556735 654519 0.54 14.7 342
201 132267 89353 0.403 10.7 17
203 158153 92573 0.369 9.7 17
206 134218 86714 0.392 104 14
208 344585 211945 0.381 101 78
211 49953 31742 0.389 10.3 8
221 129279 89077 0.408 10.9 20
231 77347 48694 0.386 10.2 11
242 83352 54282 0.394 10.4 13
252 351181 2101389 0.374 9.9 48
262 211126 113258 0.349 91 29
272 540267 308881 0.364 9.6 44
282 593526 322629 0.352 9.2 47
292 225015 126470 0.36 9.4 18
302 396909 216916 0.353 9.2 32
312 346605 189853 0.354 9.3 28
322 359538 227530 0.388 10.3 29

In

the topmost core interval, characterized by

more constant temperatures (higher frequency oscilla-

rions are recognized in the AD91-17 core, probably due

to higher temporal resolution) a warming is always
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observed, possibly corresponding to the "high-Medieval
climatic Optimum" (in the AD91-17 core) and to the
"Roman Optimum" (in the box cores).

The lonian Sea was considerably warmer
(>5°C) during the sapropel S1 period than the Adriatic.
In the late Holocene, this difference was only 1-2°C (15-
16°C in the Tonian Sea; 14-15°C in the Adriatic) and cor-
responds to the modern difference.

Comparing our results with those of other
author for eastern Mediterranean, stronger than modern
temperature gradients existed in the Mediterranean Sea
during sapropel S1 deposition, with more pronounced
N-S than E-W gradient.

The post sapropel SST trend is similar to that
observed in the western Mediterranean Sea, with a gen-

eral cooling trend and short term oscillations.
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