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Figure 4. Sedimenta-
tion rate (SR) obtained
by integration of bio-
genic opal percentages
in AND-1B diatomite
sequence between 350
and 480 mbsf (with
exclusion of Fe-do-
lomite samples) with
curve of benthic 80
LR04 stack (Lisiecki
and Raymo, 2005). Li-
thologies and rhombs
as in Figure 3.

just above the hiatus, (ii) at ~ 420 and ~ 425 mbsf, and (iii) at
~ 363 mbsf at the top of diatomite interval (Figure 6). Beside
these peaks, Ba concentrations measured in the diatomite sam-
ples are lower (100-500 ppm; Table 1) than in other cores from
the Antarctica margin showing Ba values that range between
600 and 2400 ppm (Bonn et al., 1998). An explanation for the
measured low concentrations can be the oxy-hydroxide remo-
bilization and sulfate reducing conditions producing a low de-
gree of barite saturation in the first centimeters of sediment.
Barite dissolution under anoxic conditions and consequent up-
ward Ba diffusion into sulfate-bearing pore water lead to pre-
cipitation of authigenic barite in a diagenetic front. Thus, the
barite front mainly marks the boundary between sulfate-rich
and sulfate-poor pore waters (Cronan, 1974; Dean and Sch-
reiber, 1978; von Breymann et al., 1992; Torres et al., 1996; Pay-
tan et al., 2004; Hendy, 2010) that in the investigated AND-1B
core portion can be identified with the Ba peak at the top of the
diatomite sequence (at ~ 363 mbsf). Strangely, other Ba peaks
within the diatomite sequence are relative to samples in which
the presence of pyrite and Fe-dolomite is documented (Fig-
ure 7A). Actually, both these phases need sulfate reducing con-
ditions for their precipitation because the reaction

2CH,0 + 50,2~ — HCO,™ + HS™ + CO, + H,0

reduces sulfate to sulfide for pyrite precipitation and increases
pH and carbonate alkalinity for formation of Fe-dolomite and
other authigenic carbonate (Vasconcelos and McKenzie, 1997;
Warthmann et al., 2000; van Lith et al., 2003; Scopelliti et al.,
2009). According to Riedinger et al. (2006), additional Ba peaks

can be found below the SMT as consequence of nonsteady-
state processes characterized by increasing sedimentation rate
or methane flux. Barium enrichments in sulfate-depleted con-
ditions could be the consequence of (i) strikingly high amounts
of total Ba in the sediment system influencing the dissolution
rate of barite; (ii) occurrence of other Ba phases that show ox-
ygen depletion relative to barite, such as those recognized
by Gonzéles-Mufioz et al. (2003) consisting of Ba-contain-
ing spherical aggregates; (iii) or, as from laboratory results of
Baldi et al. (1996), microbial reduction of barite via formation of
other barium compounds, such as witherite (BaCO,) and tran-
sient species of barium sulfide (BaS). Backscattered SEM im-
age of the considered samples (Figure 7B) highlights the coex-
istence of disseminated pyrite (< 10 pm in size) with “brighter”
crystals (white arrows), being the number of backscattered
electrons (BSE) reaching the detector (and, as consequence,
the brightness) proportional to the mean atomic number of the
mineral. Chemical composition of these crystal is reported in
EDS spectrum of Figure 7C. For comparison, in Figure 7D are
reported the three EDS spectra from Riedinger et al. (2006) that
show progressive oxygen decrease and carbon increase dur-
ing the reduction of barium-sulfate leading to the formation of
witherite via the transient phase barium sulfide:

BaSO, + 2C — BaS + 2CO,
BaS + CO, + H,0 BaCO, + H,S

A short oxygen peak in AND-1B samples indicating the
presence of an oxygen-depleted barium phase (Figure 7C),
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which is reasonably related to formation of barium sulfide re-
sulting from same process invoked by Riedinger et al. (2006).
As to factors triggering these processes, variations in sedi-
ment composition, in depositional dynamics, or in the upward
methane flux can be invoked (Riedinger et al., 2006). An expla-
nation for the Ba-peak at 437.10 mbsf immediately above the
hiatus (see Figure 4) could be that changes in sedimentation
rate may induce non-steady state diagenetic processes and can
lead to localize accumulations of authigenic phases (Riedinger
etal., 2006; Arndt et al., 2009; Mirz et al., 2011). As to Ba peaks
at 425.60 and 420.36 mbsf, they correspond to the decrease of
Chaetoceros spp. abundance (see Figure 3) which is ascribed to
passage from stratified surface waters trapping nutrients to
ice-free, more open water which could be considered as co-re-
sponsible in change of sedimentological system.

6. Conclusions

Results from the biogenic opal and element geochemistry
study of the 350-480 mbsf AND-1B core portion highlight that
the distribution of major and minor elements throughout the
diatomite interval accounts for a terrigenous/biogenic control
influencing the conditions at the sea floor.

Across the diatomite interval recording the early Plio-
cene warming event, the content in biogenic opal shows dis-
tinct fluctuations opposed to those recorded by the §'%0 val-
ues testifying glacial fluctuation during the warming event.
The correlation with obliquity cycles was used to better define
the sedimentation rate throughout the sequence highlighting a
drastic change in sedimentation rate at 440 mbsf. Comparison
with Chaetoceros spp. abundance gives evidence of alternating
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Figure 6. Depth
profiles of Ti/ Al,
V/Al, Zn/Al, and
Ba/ Al for AND-
1B core portion
between 350 and
480 mbsf. Litholo-
gies and rhombs as
in Figure 3.
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Figure 7. SEM im-
ages and Energy
Dispersive Spec-
tra (EDS) of sample
at 437.10 mbsf. (A)
Backscattered elec-
tron image show-
ing coexisting Fe—
dolomite (Fe-Do)
and pyrite (Py); (B)
backscattered elec-
tron image show-
ing micron-sized
pyrite (Py) crys-
tals and Ba-phases
(white arrows);

(C) EDS spectrum
of Ba-phases; (D)
EDS spectra modi-
fied from Riedinger =
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conditions of stratified surface waters and terrigenous input
triggering change in depositional/early diagenetic conditions
at the sediment-water interface. In this scenario, elements as K
and Ti response to changes in terrigenous provenance and el-
ements as V, Zn, Fe testify the presence of fluctuating reduc-
ing/anoxic conditions. Presence of barium enrichments in a
such depositional environment in which this element under-
goes remobilization is justified by variations in depositional
dynmic induced by a drastic change in sedimentation rate
and/or passage from surface waters characterized by high pri-
mary productivity to ice-free more open waters.
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