











Neoglacial cooling in Fram Strait

core MSM5/5-712-2, however, are associated with consistently rising IP,; and IRD contents
throughout this period (Fig. 25). Considerable dinosterol minima occur at about 5,000 and
3,200 years BP. The IP,; record of core MSM5/5-723-2 shows that a period of slightly
higher IP,; flux rates between ca. 6,200 and 5,200 years BP is followed by an IP,; minimum
at about 5,000 years BP (Fig. 26). Thereafter, a gradual increase in the accumulation of 1P,

is observed for the Mid Holocene.

Fig. 25: IRD, TOC, and CaCOj contents and biomatker accumulation rates of sediment core MSM5/5-712-2.
Bold curves represent 5-point smoothed averages. Curve fillings highlight maximum values (thresholds are
chosen arbitrarily). Grey vertical bars indicate cooling intervals. Black-white triangles denote glacier advances
on Spitsbergen (Svendsen and Mangerud, 1997). Black dots refer to AMS datings.
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The Late Holocene (3,000 - 300 years BP) is marked by further increasing TOC and
CaCOj contents in both sediment cores (Figs. 25 and 26). The IRD content in core
MSMS5/5-712-2 increases as well and reaches maximum values at ca. 500 years BP (> 160
grains per gram sediment; Fig. 25). We note that the accumulation of biomarkers in this core
is highly variable throughout the past 3,000 years (Fig. 25), whereas the increase in IP,; at
core site MSM5/5-723-2 occurs to be rather gradual and maximum values are reached at
about 300 years BP (Fig. 26). In core MSM5/5-712-2 we obsetve that during intervals of an
elevated IP,; accumulation at ca. 2,800, 2,300 and 1,600 years BP, the flux rates of
brassicasterol and dinosterol and also the TOC contents are increased as well (Fig. 25). Vice
versa, intermediate periods of lowered IP,; accumulation correspond to periods of reduced
phytoplankton marker contents. Divergent from these in-phase fluctuations, we find
minimum phytoplankton marker flux rates that coincide with the youngest IP,; peak at
about 500 years BP (Fig. 25). The TOC content, however, reaches maximum values at this

time.
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Fig. 26: TOC and CaCOj contents and IP»5 accumulation rates of sediment core MSM5/5-723-2. Bold cutves
represent 5-point smoothed averages. Curve fillings highlight maximum values (thresholds ate chosen
arbitrarily). Black dots refer to AMS datings.

5.5.2 Inner East Greenland shelf (core PS2641-4)

In comparison with the data from core MSM5/5-712-2, we obtained rather monotonous
TOC and CaCOj; records from the Holocene section of core PS2641-4 (Fig. 27). TOC
contents of 0.8 to 1.3 wt.% remain relatively stable and only a slight long-term increase is
observed during the Mid to Late Holocene. Notably low CaCOj; contents (0.3 - 1.6 wt.%)

contrast those of the sediment cores from the West Spitsbergen slope, and refer to the shift
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from an Atlantic Water influenced to an EGC dominated sea surface within Fram Strait
(Hebbeln and Berner, 1993; Henrich, 1998; Huber et al., 2000). We note that the
accumulation rates of biomarkers (in particular of IP,;) are significantly higher at core site
PS2641-4 than at the West Spitsbergen margin, which probably can be attributed to the
basically higher mass accumulation at the East Greenland shelf due to ice rafting.

The late Early Holocene (8,500 - 7,000 years BP) is characterised by highest CaCOj,
contents and elevated phytoplankton marker flux rates, whereas the accumulation of IP,;
fluctuates from minimum to moderate values (Fig. 27). The most remarkable feature of the
biomarker distribution of this core is a lack of dinosterol and brassicasterol between 7,900
and 7,400 years BP. This interval seems to interrupt the late Early Holocene section of
relatively high phytoplankton marker contents (Fig. 27).

During the Mid Holocene (7,000 - 3,000 years BP), the accumulation of phytoplankton
biomarkers decreases until ca. 5,300 years BP and thereafter increases again. Meanwhile, the
IP,; flux rate first peaks at about 6,000 years BP, then decreases and maintains relatively low

values between 5,200 and 2,300 years BP.
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Fig. 27: TOC and CaCOs; contents and biomatrker accumulation rates of sediment core PS2641-4. Curve
fillings highlight maximum values (thresholds are chosen arbitrarily). Black dots refer to AMS dating points.
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For the Late Holocene, we note an increasing accumulation of brassicasterol, dinosterol,
and particularly of IP,; since ca. 3,000 years BP (Fig. 27). The phytoplankton markers even
reach highest values alike during the late Early and early Mid Holocene. Considerable
maxima in all biomarker records and also TOC contents are observed for the past 1,000
years BP. CaCOj; contents, in contrast, become successively reduced during the past 1,000

years BP.

5.6 Discussion

With the identification of the sea ice biomarker IP,; in the sediment cores MSM5/5-712-2,
MSMS5/5-723-2, and PS2641-4 we yield novel and direct information about the development
of the sea ice conditions along the West Spitsbergen continental margin and the continental

shelf of East Greenland throughout the Holocene (Fig. 28).
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Fig. 28: Comparison of IP2s concentrations of sediment cores from northern, eastern, and western Fram Strait.
Summer insolation for 80°N (red curve) taken from Laskar et al., 2004 and 8'8O values from the NGRIP ice
core (NGRIP Members, 2004) strengthen a Holocene cooling.

In agreement with the sustained cooling, which is inferred from decreasing 8'°O values in

the NGRIP Greenland ice core (NGRIP-Members, 2004) and a decline in Northern

Hemisphere insolation (Laskar et al., 2004), a gradual increase in IP,; concentrations is
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observed in the Maria S. Merian cores and also in core PS2837-5 located on the Yermak
Plateau close to the modern summer sea ice margin (Mdller et al., 2009). This points to a
successive (spatial and temporal) extension of the spring sea ice coverage in eastern Fram
Strait - possibly due to a lowered sea surface temperature (SST). IP,; concentrations in core
PS2641-4 remain, within a certain range of variability, relatively constant throughout the
Holocene and a notable increase did not occur before 1,000 years BP (Fig. 28). We thus
suggest that the export of Arctic sea ice towards this core site possibly continued throughout
the Holocene but did not experience significant changes that could be traced in sediments

from the inner shelf of East Greenland.

5.6.1 The late Early Holocene (8,500 - 7,000 years BP)

Based on the high phytoplankton biomarker and minimum IP,; flux rates in core MSM5/5-
712-2 comparatively warm sea surface conditions along the West Spitsbergen shelf can be
assumed for the late Early Holocene (Fig. 25). This is also supported by the relatively high
(even maximum) CaCOj; contents reflecting a higher productivity of calcareous walled
organisms (e.g. foraminifers, coccoliths). We suggest that this interval represents the latest
phase of the Holocene Climate Optimum in eastern Fram Strait and consider that in
addition to higher insolation values an intensified Atlantic Water inflow likely supported
phytoplankton growth, whereas the (spring) sea ice margin was located further northward
(i.e., the core site experienced only minor sea ice occurrences during the late winter/eatly
spring months). This aligns with maximum SST's reconstructed for the western continental
margin of the Barents Sea by Sarnthein et al. (2003) and findings of Salvigsen et al. (1992),
who report optimum climate conditions for thermophilous molluscs on western Svalbard
for the period between 8,700 to 7,700 years BP. Likewise, foraminifer-based reconstructions
of ocean circulation changes along the West Spitsbergen shelf by Slubowska-Woldengen et
al. (2008) reveal a strengthened inflow of Atlantic Water at that time.

The abrupt reductions in the phytoplankton matker contents of core MSM5/5-712-2 at
about 8,300, 7,600 and 7,100 years BP that punctuate the late Early Holocene probably
point to short-term deteriorations of the sea surface conditions. Since the decline at ca.
8,200 years BP - a prominent cooling event in the High Latitudes (Alley et al., 1997; Clarke
et al., 2004; Kleiven et al., 2008) - coincides with a (somewhat retarded) minor short-term
increase in IRD and a rapid decrease of previously high IP,; contents, we assume that the
core site was affected by a massive ice discharge that reduced not only the growth of
phytoplankton but also that of ice algae. This agrees with significantly reduced SSTs along
the Barents Sea margin for this period (Sarnthein et al., 2003). Similarly, Miiller et al. (2009)
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interpreted minimum fluxes of IP,; and brassicasterol as indicative for a near-perennial sea
ice cover in northern Fram Strait at about 8,200 years BP.

Relatively warm conditions probably also prevailed in western Fram Strait during the late
Early Holocene since at core site PS2641-4 accumulation rates are relatively high for
dinosterol and brassicasterol, and only moderate for IP,; (Fig. 27), which may point to a
reduced (not absent) ice cover at the East Greenland shelf. Similarly, e.g. Bauch et al. (2001)
and Andersen et al. (2004) reconstruct rather warm sea surface conditions in the central
Nordic Seas and at the East Greenland shelf for the late Early Holocene by means of
foraminifer and diatom assemblages. This period likely corresponds to the recession of the
Greenland ice sheet from the inner shelf as is reconstructed by Evans et al. (2002) on base
of sediment lithology and 8O data from core PS2641-4. The sudden lack of the
phytoplankton markers between 7,900 and 7,600 years BP could point to a short-term
deterioration in sea surface conditions, which is not reflected in the IP,; contents (Fig. 27).
Increased meltwater discharge from the adjacent Kejser Franz Joseph Fjord could have
caused a strong stratification of the upper water layer, thus reducing the ventilation and

availability of nutrients required for phytoplankton growth.

5.6.2 The Middle Holocene (7,000 - 3,000 years BP)

Lowered CaCOj; contents, continuously decreasing accumulation rates of phytoplankton
markers and the sustained increase in IRD and IP,; contents in sediment core MSM5/5-712-
2 (and MSM5/5-723-2) point to a gradually reduced phytoplankton productivity due to a
cooling of the sea surface and a successive growth and extension of (wintet/spring) sea ice
at the continental slope of West Spitsbergen during the Mid Holocene. This is in well
accordance with a concurrent increase in IRD contents of sediment cores along the West
Spitsbergen continental shelf and margin documented by Jessen et al. (2010) and Slubowska-
Woldengen (2007), who assume a Mid Holocene ice advance. Decreasing SSTs off and
enhanced glaciation on West Spitsbergen (Hald et al., 2004) support this interpretation. To
what extent this Holocene cooling trend observed in the subpolar North Atlantic domain
(e.g. Andersen et al.,, 2004; Hald et al.,, 2007; Miller et al., 2010) may be related to the
lowered Northern Hemisphere insolation and/or a reduced Atlantic Water advection
and/or changes in the atmospheric circulation remains disputable. A general recovery of the
Arctic’s sea ice after its significant recession during the Holocene Climate Optimum (see e.g.
Polyak et al., 2010 for review), however, occurs as a plausible and natural response to the

mitigation of orbital forcing. Sustained oceanic surface cooling that stimulated the sea ice
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formation during winter and retarded its retreat/melt during the late spring and eatly
summer months is also supported by e.g. Rasmussen et al. (2007) and Jennings et al. (2002)
who reconstruct increasingly cooler conditions along the West Spitsbergen shelf and an
increased sea ice export through Fram Strait by means of benthic and planktic foraminifera
and IRD records. Furthermore, on base of eg. increasing 8O wvalues, increasing
abundances of N. pachyderma (sin.) and diatom data, Rasmussen et al. (2007), Bauch et al.
(2001) and Kog et al. (1993) strengthen that the southwestern continental margin of
Spitsbergen and the Nordic Seas experienced an intensified water mass exchange with the
Arctic Ocean for the period after 7,000 years BP and continuous surface cooling (in-step
with the lowered insolation) since ca. 6,000 years BP. Reduced winter SSTs are also
reconstructed for the western continental margin of the Barents Sea and have been related
to a weakened heat input with the WSC and a strengthened East Spitsbergen (Serkapp)
Current leading to periods of extended sea ice coverage (Sarnthein et al., 2003).

Successively reduced phytoplankton marker contents in core PS2641-4 indicate that also
the Hast Greenland shelf became gradually cooled since ca. 6,600 years BP (Fig. 27). A
higher accumulation of IP,; around 6,000 years BP may point to a stronger discharge of sea
ice via the EGC at this time. Similarly, Ran et al. (2000) interpret higher abundances of
Arctic diatom taxa in a sediment core from the northern shelf of Iceland as indicative of a
strengthening of the EGC between 6,800 and 5,500 years BP. The subsequent relatively low
and uniform (i.e. with some minor fluctuations) IP,; and phytoplankton marker flux rates,
however, suggest that largely constant sea ice conditions prevailed at the East Greenland
shelf since 5,000 years BP. Recent reconstructions by Jennings et al. (2011) document that
an intensified Irminger Current carried more warm Atlantic Water to Denmark Strait
between 6,800 and 3,500 years BP. This could be related to a weakening of the EGC during
this period, but is not reflected in the IP,; or phytoplankton marker data at our core site.
Moros et al. (2000), in turn, observe a long-term trend of increasing drift ice export via the
EGC towards the North Atlantic since the past 5,000 years. With respect to our biomarker
data, we suggest that Mid Holocene variations in the strength or extent of the EGC,
however, did not automatically alter the sea ice cover (and the IP,; sedimentation) at the

inner shelf but rather could be traced at the outer shelf of East Greenland.

5.6.3 The Late Holocene (the past 3,000 years BP)
Maximum IRD release and a sustained increase in the accumulation of IP,; during the past

3,000 years - a period that is widely acknowledged as Neoglacial cooling phase (for recent
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review see Miller et al,, 2010) - point to intensified sea ice occurrences at the West
Spitsbergen continental margin. Forwick and Vorren (2009) and Forwick et al. (2010)
assume an enhanced formation of shore-fast sea ice and/or a permanent sea ice cover along
the West Spitsbergen coast that trapped IRD laden icebergs within the Isfjorden system
during the past ca. 4,000 years BP. Thus, the elevated IRD contents at cote site MSM5/5-
712-2 may suggest a transport of lithic grains by sea ice rather than by icebergs originating
from Spitsbergen glaciers. Further reconstructions of gradually cooled sea surface
temperatures, lowered productivity, and a higher polar water ouflow to the Nordic Seas
during the past 3,000 years BP, however, support this general increase in sea ice coverage
(Andersen et al., 2004; Andrews et al., 2001; Calvo et al., 2002; Jennings et al., 2011; Jennings
et al., 2002; Kog et al., 1993).

We suggest that the in-phase fluctuations of IP,; and phytoplankton marker contents in
core MSM5/5-712-2 (Fig. 25) can be attributed to periods of a rapidly advancing and
retreating sea ice margin at this core site until ca. 1,200 years BP. Accordingly, the less
vatiable though steadily rising accumulation of IP,; at core site MSM5/5-723-2 - ca. 40 km
further to the north of core site MSM5/5-712-2 - relates to a continuously increasing ice
coverage during the past 3,000 years BP. As marine primary productivity is demonstrably
stimulated in the marginal ice zone (release of nutrients from the melting sea ice triggers the
bloom of the phytoplankton algae in the proximity of the ice edge; Hebbeln and Wefer,
1991; Ramseier et al., 1999; Sakshaug, 2004; Smith et al., 1987), we conclude that the periods
of peak IP,; and phytoplankton marker contents in core MSM5/5-712-2 at about 2,800,
2,300 and 1,600 years BP reflect beneficial living conditions at the ice edge for both sea ice
algae and plankton thriving in open water (Miller et al., 2009; Mduller et al., 2011).
Interestingly, Svendsen and Mangerud (1997) report concurrent (with minor temporal shifts)
periods of abrupt glacier advances on West Spitsbergen. Since glacier growth requires a
higher winter precipitation (and the main moisture source for the Svalbard archipelago is the
subpolar North Atlantic; Dickson, 2000; Humlum, 2005), we hence assume that these
intervals of glacier advance (and ice edge conditions at the core site) may have been
triggered by a temporarily strengthened WSC and/or changes in the atmospheric circulation
pattern, which caused these recurrent northward retreats of the sea ice cover (Fig. 29). This
is also supported by findings of Sarnthein et al. (2003) who identify two intervals of warmer
SSTs at the western continental margin of the Barents Sea at about 2,200 and 1,700 years
BP, which they attribute to short-term pulses of warm Atlantic Water advection.

Intermediate periods of lowered IP,; and phytoplankton marker contents accordingly point
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to a weakened WSC - weakened through a lowered heat and/or volume transport - and
probably a broadened EGC that permitted sea ice advances beyond the core site (Fig. 29).
Intensified sea ice advection via the Sorkapp Current is possible as well. Such a fluctuating
ice margin (due to a variable Atlantic Water inflow) is also described in a recent study by
Werner et al. (2011) on base of foraminifer and IRD data obtained from a box core that was

recovered at the same core site.
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Fig. 29: Scheme illustrating periods of Neoglacial sea ice advance (left) and retreat (right) at the continental
margin of West Spitsbetgen due to vatiations in the inflow of warm Atlantic Water via the WSC and/or
weakened/strengthened westetlies. Associated fluctuations in the productivity of ice algae (white patches) and
phytoplankton (green patches) are indicated. Periods of ice retreat promote glacier growth on Spitsbergen due
to an increased moisture supply from the sea.

The notably reduced accumulation of dinosterol and brassicasterol in core MSM5/5-712-2
during the past 1,300 years BP may indicate a deterioration of the sea surface conditions that
limited the productivity of phytoplankton at the West Spitsbergen margin. Meanwhile
increasing IP,; flux rates and highest IRD contents at about 600 years BP suggest an
increase in sea ice coverage that also promoted the release of ice-rafted organic material,
which could account for maximum TOC values. Maximum IP,; concentrations in sediment
core MSM5/5-723-2 (Fig. 26) support this Neoglacial sea ice advance.

In contrast to the finding for eastern Fram Strait the Late Holocene increase in IP,; flux
rates at the East Greenland shelf is accompanied by a continuously rising accumulation of
brassicasterol and dinosterol (Fig. 27). Maximum fluxes of IP,; and phytoplankton
biomarkers in core PS2641-4 point to favourable living conditions for both ice and
phytoplankton algae at the East Greenland shelf during the past 1,000 years BP. Further

reduced CaCOj; contents in this core hence may be attributed to calcium carbonate
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dissolution due to an increased formation of corrosive bottom waters linked to higher sea
ice production and/or organic matter (originating from phytoplankton blooms)
remineralisation (Steinsund and Hald, 1994). Alternatively, this reduction in CaCO; may
indicate a shift of the provenance of ice rafted (carbonate) material. Highest IP,; contents
determined for the past 1,000 years BP in all cores are tentatively attributable to the ‘Little
Ice Age’ cooling that is also recorded in further marine (e.g. Andersson et al., 2003; Bendle
and Rosell-Melé, 2007, Moros et al., 2006; Spielhagen et al., 2011) and also terrestrial
archives from the subpolar North Atlantic (e.g. Nesje et al., 2001; Seppid and Birks, 2002).
The occurrence of a broad and severe (i.e. perennial) sea ice cover during this period,
however, is contradicted by the elevated phytoplankton marker contents in core PS2641-4.
We hence conclude that during the past ca. 1,000 years BP, stable marginal ice zone
conditions established at the inner East Greenland shelf, whereas eastern Fram Strait
experienced an ice advance that reduced phytoplankton productivity.

With respect to the Late Holocene cooling that is observed at various sites in the
subpolar North Atlantic and also in more remote areas, the hypothesis evolved that a
continuous transition from a positive towards a negative NAO phase characterised the
Holocene climate development (e.g. Andersen et al., 2004). Reduced Siberian river discharge
during the past 2,000 years BP and vegetation changes in northeast European Russia, for
example, are interpreted to reflect the development of a colder and dryer climate in the
Eurasian Arctic and could be related to negative NAO-like conditions (Salonen et al., 2011;
Stein et al.,, 2004). And also Jessen et al. (2011) relate changes in Late Holocene pollen
records from southern Greenland and the Labrador Sea to a distinct reduction of south-
westerly air masses in favour of colder air originating from the north and thus conclude that
the atmospheric circulation pattern in the subpolar North Atlantic likely shifted from a more
positive to a more negative NAO. Regarding the comparatively rapid sea ice oscillations at
core site MSM5/5-712-2 between 3,000 and 1,200 years BP, we consider that a relationship
between sea ice extent and oceanic-atmospheric (i.e. NAO-like) forcing fields, in fact, could
explain the observed fluctuations. As no (instrumental) records of the long-term (centennial-
to millennial-scale) development of the NAO are available (the first calculation of the NAO
index dates back to 1932; Walker and Bliss, 1932), its influence on Late Holocene
environmental conditions in the subpolar North Atlantic remains elusive. Shifting NAO
conditions, however, could account for respective changes in the strength of westerly storm
tracks and Atlantic Water advection to the continental margin of Spitsbergen (Dickson,

2000; Hurrell and Deser, 2009; Kwok and Rothrock, 1999). Previously, the observation of
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fluctuating glacier extents in southwest Norway lead Nesje et al. (2001) to establish a
relationship between Late Holocene glacier advances and positive NAO phases causing
more humid and wet winter conditions over Scandinavia. Similarly, Giraudeau et al. (2010)
credit both an increased advection of Atlantic Water into the Norwegian Sea and a
coincidently strengthened polar outflow towards the western Nordic Seas to positive NAO
intervals during the Late Holocene. Such a seesaw pattern between warm water input
through eastern and cold water output via western Fram Strait, however, is not observed in
our records. With general regard to the Holocene climatic development, we notice that the
sea ice conditions at core site PS2641-4 obviously were less prone to variations in the
strength of the oceanic (and atmospheric) circulation system than the sites in eastern Fram
Strait. The rapid sea ice fluctuations reflected in the record of core MSM5/5-712-2 during
the Neoglacial and the associated changes in the advection of warm (WSC) and polar (EGC)
water masses are not fully traceable in the record of core PS2641-4. Due to its location in
the vicinity of the Arctic and Atlantic oceanic (and atmospheric) fronts, core MSM5/5-712-2
apparently experienced more significant palacoceanographic and -environmental changes,

while the setting at the inner shelf of East Greenland remained relatively unaffected.

5.6.4 PIP,; index and sea ice estimate
We recently demonstrated that the coupling of the environmental (sea surface) information
carried by IP,; and phytoplankton biomarkers by means of a phytoplankton-IP,; index
(PIP,;) proves a valuable approach to reconstruct (spring) sea ice coverage more
comprehensively (Miller et al., 2011). A distinct connection between the sea ice distribution
and sedimentary IP,; and phytoplankton marker contents is strengthened through
correlation analyses of PIP,; indices determined on surface sediments from the subpolar
North Atlantic with sea ice concentrations derived from satellite and modelling data (Mller
et al., 2011). According to the respective phytoplankton biomarker used for the calculation
(brassicasterol or dinosterol), this index is specified as PyIP,; or P,IP,, respectively. Highest
PIP,; (P5IP,; and PLIP,;) values in the range of 0.75 to 1 seem to reflect extended ice
coverage throughout spring and summer, whilst minimum values refer to predominantly ice-
free (spring/summer) sea surface conditions. Intermediate values (0.5 - 0.75) characterise
sites within the productive marginal ice zone.

Throughout the past 8,000 years BP, PyIP,, and P,IP,; indices calculated for core
MSM5/5-712-2 sediments successively rise (Fig. 30) and thus point to a gradual increase in

(spring) sea ice coverage at the West Spitsbergen continental margin. Minimum and close to
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zero values denote a period of significantly reduced ice cover between 8,200 and 7,800 years
BP. With reference to the findings of Miller et al. (2011) these values may refer to a sea ice
concentration of less than 20%. Given the infancy of this approach, this interpretation of
P,IP,; and P,IP,; values in terms of sea ice concentrations, however, needs to be considered
as a very rough estimate. A sustained increase in sea ice occurrences at the core site is
reflected by further rising P,IP,; and PIP,; values, which finally pass the “threshold level”
of 0.5 designating marginal ice zone conditions from ca. 4,800 years BP on. Maximum
PyIP,; values determined for the past ca. 1,000 years are in the range of 0.75 to 0.80 and thus

indicate a shift towards severe ice coverage (presumably > 70% ice concentration).
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Fig. 30: PgIP2s5 and PplIP»s indices calculated for sediment cores MSM5/5-712-2 (top) and PS2641-4 (bottom).
Indices were calculated using IP»s, brassicasterol, and dinosterol accumulation rates and respective balance
factors following Miiller et al. (2011). Shadings refer to estimates of sea ice conditions (PIP2s > 0.1 variable, >
0.5 marginal, > 0.75 extended ice cover) according to Miiller et al. (2011).

PyIP,; and P,IP,; indices calculated for core PS2641-4 show minimum values during the late
Early Holocene (8,700 - 7,200 years BP; Fig. 30) that point towards a variable or less
pronounced sea ice coverage at the inner shelf of East Greenland. Given the lack of
brassicasterol and dinosterol between 7,900 and 7,600 years BP, P,IP,. and PpIP,; values are
1 for this interval, which would refer to a significantly extended (spatially and temporally) ice
cover. This interpretation, however, omits the possibility of intensively stratified surface
waters due to meltwater plumes released through the East Greenland Kejser Franz Joseph
fjord system. Throughout the past 7,000 years, P,IP,; and P,IP,; indices of core PS2641-4

fluctuate between values of ca. 0.4 to 0.6 (Fig. 30), which may denote variable to stable
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marginal sea ice conditions (20 - 50% ice concentration) in western Fram Strait throughout
the Mid and Late Holocene. The observation that P;IP,. and P,IP,, indices obtained from
this core are largely in the same range or even lower than those from core MSM5/5-712-2
occurs somewhat surprising as sea ice conditions at the East Greenland shelf are generally
considered to be more severe due to the pronounced discharge of sea ice and icebergs via
the EGC. In a previous study, the very low contents of IRD in the PS2641-4 sediments have
been interpreted to reflect a sedimentation regime that is dominated by meltwater discharge
rather than by iceberg rafting (Evans et al., 2002). This prompts the assumption that much
of the brassicasterol and dinosterol identified in this core could originate from the adjacent
fjord systems and is advected through massive meltwater releases in summer. While
calculating the PyIP,; and PLIP,; indices, the amount of “in-situ” phytoplankton accordingly
could be overestimated, which would result in (too) low P,IP,; and P,IP,; values.

The short-term variability observed in the biomarker records of core MSM5/5-712-2
during the Late Holocene (Fig. 25), however, is not reproduced by the PyIP,; and P,IP,,
indices of this core. The in-phase fluctuations of IP,; and phytoplankton marker contents
referring to rapid advances and retreats of the sea ice margin seem to be counterbalanced
through the index calculation. Coevally high amounts of IP,,, brassicasterol, and dinosterol
(indicating beneficial ice-edge conditions) as well as coevally low biomarker contents
(suggesting an unfavourable/severe ice cover) thus give the same PIP,; values - as was
already suggested by Miller et al. (2011). We hence conclude that for the proper
identification of different sea ice conditions individual biomarker concentrations need to be
known and accordingly interpreted.

Nonetheless, we consider these PIP,; indices to describe sea ice conditions a promising
means, as they may enable a more quantitative assessment of the ice coverage (once the
modern analogue calibration data set has been extended) and thus provide valuable

information that can be used for e.g. palaco freshwater budget estimates.

5.7 Conclusions

The Holocene sea ice evolution in eastern and western Fram Strait is reconstructed by
means of the sea ice proxy IP,;, IRD data and the phytoplankton-derived biomarkers
brassicasterol and dinosterol. In line with a lowered Northern Hemisphere insolation and
decreasing temperatures, the (spring) sea ice coverage along the western continental margin
of Spitsbergen increased continuously throughout the past 8,500 years BP. In contrast, sea

ice conditions at the inner shelf of East Greenland probably remained relatively constant
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over this period. Estimates of the sea ice conditions based on phytoplankton-IP,; indices
(PyIP,; and PLIP,;) reveal a Mid Holocene shift from a reduced ice cover to marginal ice
zone conditions in eastern Fram Strait, whereas the inner Fast Greenland shelf experienced
a seasonal variable to stable marginal ice cover throughout the past 7,000 years BP. During
the Neoglacial, a rapidly advancing and retreating sea ice margin characterised the
environmental setting at the West Spitsbergen slope. This points to a highly variable inflow
of warm Atlantic Water, which, in turn, could be associated with short-term changes in the
oceanic-atmospheric forcing pattern. This variability is not cleatly reflected in the core from
the Fast Greenland shelf, where only a delayed Late Holocene ice advance (ie. a
pronounced increase in IP,; contents) is observed for the past 1,000 years BP. The use of
IP,; and phytoplankton markers, however, proves a valuable combinatory approach for the
assessment of sea surface conditions. Regarding the PyIP,; and PpIP,; indices we
recommend that the reconstruction of sea ice coverage should not be solely based on these

ratios but that individual biomarker concentrations need to be considered as well.
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Abstract

Sea ice is a critical component of global climate, contributing to heat reduction (albedo) and
deep-water formation which is a driving mechanism of the global thermohaline circulation
(Dieckmann and Hellmer, 2003; Rudels, 1996). During the transition from the Last Glacial
to the Holocene warm period, fluctuations in this circulation process and variations in sea
ice coverage in the northernmost Atlantic are commonly associated with rapid climate shifts
(Clark et al., 2002). Here, we use the variable sedimentary abundances of the geochemical
biomarkers IP,; and brassicasterol, derived from sea ice diatoms and phytoplankton,
respectively, to obtain a continuous sea ice record for the past 30,000 years for the
northernmost Atlantic (Fram Strait). We identify and characterise different sea ice scenarios
ranging from perennial ice cover (Last Glacial Maximum), a stationary sea ice margin (Late
Weichselian), seasonal spring sea ice cover (Holocene) and ice-free (Early Bolling)
conditions. Our results demonstrate a distinct correlation between sea ice conditions, North
Atlantic water advection and known climatic fluctuations in the Nordic Seas during the past
30,000 years, and provide a more detailed sea surface record for future interpretation of

other atmospheric and sub-surface oceanographic palaeoclimatic data.

6.1 Introduction

The distribution of sea ice in Fram Strait, the only deep-water connection (~ 2600 m mean
water depth) between the Arctic and the Atlantic Ocean, is mainly controlled by the inflow
of temperate water from the North Atlantic along the western continental margin of
Spitsbergen via the Norwegian Current and Westspitsbergen Current. In contrast, the East
Greenland Current carries cold water (and sea ice) southward through this gateway (Rudels,
1996; Fig. 31). The relative contributions of these currents strongly influence the

thermohaline circulation, thus contributing to global climate (Rudels, 1996).
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Previously, it has been shown that, when detected in marine sediments, a C,; isoprenoid
lipid (IP,;) biosynthesised by Arctic sea ice diatoms acts as a proxy for previous spring sea
ice occurrence and subsequent melt (Belt et al, 2007; Massé et al., 2008), while the
phytoplankton-derived sterol, brassicasterol (Volkman, 20006), reflects open ocean

conditions during summer.
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In the current study, we present Organic Carbon (OC, global productivity and terrigenous
organic carbon input; data from Birgel and Hass, 2004) and fluxes of IP,; (sea ice) and
brassicasterol (phytoplankton; data from Birgel and Hass, 2004) for a sediment core
(PS2837-5) from the western flank of the Yermak Plateau (81°13.99’N, 02°22.85’E,
northwest of Spitsbergen, 1042 m water depth; Stein and Fahl, 1997) close to the present
day summer sea ice margin in Fram Strait (Fig. 31). We use the previously reported age
model of PS2837-5, which is based on 14 AMS "C ages of tests of the planktic foraminifer
Neogloboguadrina pachyderma sin. and assumes a marine reservoir correction of 400 years and
linear interpolation between '*C-dated horizons (Norgaard-Pedersen et al., 2003). In the

following, ages are given in calibrated calendar years before present.

0.2 Material and methods

The analysis of the IP,; biomarker was carried out on freeze-dried sediment material from
individual horizons from the PS2837-5 core. Prior to extraction, an internal standard (7-
hexylnonadecane) was added to ca. 1.5 g freeze-dried and ground sediment material to

permit quantification. Sediments were then extracted using dichloromethane/methanol (3 x
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3 ml; 2:1 vol/vol) and ultrasonification (3 x 10 min). The resulting extracts were fractionated
to yield hydrocarbon fractions containing IP,; using open column chromatography (SiO,,
hexane) and these were analysed using gas chromatography mass spectrometry (GC-MS).
GC-MS measurements were carried out on a HP 5890 gas chromatograph (30 m fused silica
column; 0.25 mm inner diameter, 0.25 um film thickness) coupled to a HP 5970 mass
selective detector. The GC oven temperature was programmed from 40 to 300 °C at 5
°C/min and held at the final temperature for 10 min. MS operating conditions were 280 °C
(ion source) and 70 eV (lonization energy). Deviation for the repeatability of measurements
was less than 10%. The identification of the IP,; monoene was based on its GC retention
time and comparison of its mass spectrum with that of an authentic standard published
previously (Belt et al., 2007). Sedimentary IP,; concentrations were determined by calculating
the relative GC-MS responses of IP,; and the internal standard and taking account of the
mass of sediment extracted in each case. Temporal fluxes of IP,; and brassicasterol were
determined by combining sedimentary concentrations with sediment densities and

sedimentation rates.

0.3 Results and Discussion
6.3.1 Late Weichselian and Last Glacial Maxininm
For much of the interval between 30 and 17 ka BP (Late Weichselian to early deglaciation;
Fig. 32), IP,, brassicasterol and OC fluxes are amongst their lowest within the entire record.
These near-zero fluxes for all three proxy records, especially during the Last Glacial
Maximum (LGM) and the early deglaciation (23.5 - 17 ka BP), are attributable to an almost
permanent period of ice cover (Fig. 33.a), possibly resulting from an extension of the
Svalbard-Barents-Sea Ice Sheet (SBIS) to the shelf edge during this time (Andersen et al.,
1996) and a distinct weakening of warm Atlantic water inflow into northern Fram Strait.
Under such conditions, diatom and phytoplankton growth is limited since the presence of a
thick ice sheet inhibits light penetration and enhanced stratification reduces nutrient
availability. These observations demonstrate that the summer sea ice margin during the
LGM must have been located south of ca. 81° N (Fig. 31; Mangerud et al., 1998; Sarnthein
et al., 2003a).

Exceptionally, elevated IP,; fluxes at about 29.6 ka BP (Fig. 32) probably indicate a short-
term thinning of this near-perennial sea ice cover permitting some sea ice algal growth with
subsequent release during a brief summer melt period (Fig. 33.2). Between 27 and 24 ka BP

(Fig. 32), increased IP,; and brassicasterol fluxes indicate favourable conditions for both sea



Sea ice variability over the past 30,000 years

ice diatom and phytoplankton growth. Enhanced marine OC accumulation has also been
observed in other cores from Fram Strait and adjacent areas (Birgel and Stein, 2004; Knies
and Stein, 1998) in the vicinity of the SBIS. Since primary production is enhanced at the ice
edge (Smith et al., 1987), resulting in higher sedimentary concentrations of marine-derived
biomarkers (Birgel et al., 2004), these elevated fluxes of IP,; and brassicasterol probably
reveal the occurrence of a stationary ice margin (ca. 81° N; 2° E) during this otherwise

perennially ice-covered interval (Fig. 33.b).
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A coeval enhancement in ice-rafted debris in PS2837-5 (Norgaard-Pedersen et al., 2003)

provides evidence for the presence of drifting sea ice or icebergs at this time and, in turn,
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the occurrence of coastal polynyas. Such polynyas probably resulted from strengthened
Atlantic water advection and/or katabatic winds as suggested previously (Knies et al., 1999),

with parallel formation of an adjacent stationary ice margin.

6.3.2 Deglaciation to Y ounger Dryas

Coincident with intensified Atlantic water advection (Stein, 2008a) and the onset of the SBIS
disintegration at about 17 ka BP (Andersen et al., 1996; Knies et al., 2001; Knies and Stein,
1998), higher fluxes of IP,; occurred, likely as a result of reduced ice thickness and thus
better light penetration and nutrient availability suitable for sea ice diatom growth (c.f. 29.6
ka BP event). An increase in brassicasterol and OC fluxes lagged those observed for IP,; by
ca. 400 yr (Fig. 32), consistent with a progressive retreat of the ice sheet and more frequent
summer ice melt and open water conditions. At the onset of the Bolling (ca. 15 ka BP), a
notable abrupt warm phase characterised by heavier GISP2 8" O values (Grootes et al.,
1993), exceptionally high sedimentation rates resulting from huge deglacial meltwater plumes
carrying high amounts of terrigenous (Svalbard) material (Birgel and Hass, 2004), led to
extremely high OC and brassicasterol fluxes (Fig. 32). Coeval with this rapid warming, a
sudden drop in IP,; fluxes occurred for ca. 200 yr (14.8 - 14.6 ka BP), reflecting significantly
reduced sea ice occurrence (Fig. 33.c). At that time, the Yermak Plateau probably only
experienced short-term advances of sea ice, barely sufficient for sea ice diatoms to populate.
On the other hand, open water phytoplankton would have benefited dramatically from such
essentially ice-free conditions.

The Early Bolling was followed by intervals of variable sea ice cover (ca. 14.6 - 13.2 ka
BP), as reflected by the IP,; fluxes. Massive sedimentary input continued during this interval,
thus promoting an increased burial/preservation of organic matter (the ‘ballast effect’; Birgel
and Hass, 2004; Knies and Stein, 1998) and peak fluxes of OC, brassicasterol and IP,;. A
prominent short-term decrease in 8'°O (GISP2), along with reduced IP,;, brassicasterol and
OC fluxes between 13.2 and 13 ka BP, are consistent with a dramatic temperature decrease
over Greenland, and generally unfavourable environmental conditions with extended
(perennial) sea ice cover and reduced primary production (Fig. 33.a). These observations,
together with an absence of benthic foraminifera in PS2837-5 (Wollenburg et al., 2004), are
associated with a deterioration of thermohaline processes and reduced bottom-current
activity in Fram Strait (Birgel and Hass, 2004) and demonstrate that this permanent sea ice
cover affected both primary production and higher trophic levels, resulting in a widespread

ecological decline. In previous studies carried out on PS2837-5, this abrupt cooling event
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was tentatively assigned as the Intra-Allerod Cold Period (IACP; Birgel and Hass, 2004;
Wollenburg et al., 2004). However, in the North Atlantic, higher "*C reservoir ages have
been determined specifically for this interval (500-600 years; Bondevik et al., 20006). Since
these were not considered in the original age model for PS2837-5 (Norgaard-Pedersen et al.,
2003), this abrupt cold spell may alternatively be assigned to the Early Younger Dryas (ca.
12.7 ka BP), consistent with the common identification of the Younger Dryas as the major
cold period in the Northern Hemisphere following the LGM (Bradley and England, 2008;
Slubowska-Woldengen et al., 2008). In further support of this assignment, IP,; and
brassicasterol fluxes increased during the subsequent Mid-Late Younger Dryas intervals, as
sea ice diatom and phytoplankton activity improved due to less severe sea ice conditions
(Fig. 32). Such conditions probably resulted from a weak but constant inflow of warm water
from the Atlantic via the Westspitsbergen Current, generating climate conditions also
suitable for primary productivity, a conclusion consistent with diatom-valve assemblages

from the Voring Plateau in the Norwegian Sea (Kog et al., 1993).
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6.3.3 The Holocene

An abrupt increase in GISP2 8"°O values, together with numerous terrestrial and marine
records mark the beginning of the Holocene interglacial at around 11.5 ka BP in northern
latitudes (Grootes et al., 1993). Enhanced insolation and warm Atlantic water influx to the
Nordic seas (Andersen et al., 2004; Kog et al., 1993) resulted in a northward retreat of the
Polar Front especially in the Early Holocene as indicated from foraminiferal and diatom
distributions (Hald et al., 2007; Kog et al., 1993). This is further evidenced here through the
observation of significantly increased brassicasterol and OC fluxes (Fig. 32). However, the
co-occurrence of IP,; and the absence of IRD (Norgaard-Pedersen et al., 2003) demonstrate
that seasonal sea ice, rather than the presence of polynyas with drifting icebergs and a
stationary ice margin, must have prevailed in northern Fram Strait throughout this period,
with changes to the IP,; fluxes reflecting variability of spring sea ice conditions (Fig. 32,
31.d).

Around 8.4 ka BP, a short-term increase followed by a rapid decrease at 8.2 ka is
observed in the brassicasterol and IP,; flux records. Subsequently, from ca. 8 - 5 ka BP, IP,,
brassicasterol and OC fluxes all remained low, similar to the Early Younger Dryas (or IACP)
and the LGM when near-permanent sea ice coverage severely restricted primary production.
The ‘8.2 ka event’, a significant cold spell probably caused by the outburst of a giant glacial
meltwater lake in North America (Kleiven et al., 2008), likely triggered an abrupt increase in
sea ice coverage at the western Yermak Plateau at the end of the Early Holocene Climate
Optimum. Although the GISP2 8O decline at 8.2 ka BP describes a relatively short-term
atmospheric cooling event in Greenland, the longer-term minimum fluxes of IP,; and
brassicasterol in northern Fram Strait suggest a more prolonged deterioration in the marine
conditions, with near-perennial sea ice cover. This is reversed in the Late Holocene (since
ca. 5 ka BP) with slightly increasing OC and brassicasterol fluxes indicative of an
amelioration of the environmental conditions at the Yermak Plateau. Concurrent higher
fluxes of IP,; point to the re-establishment of seasonal sea ice conditions in Northern Fram
Strait. These observations are consistent with the widespread evidence for a neoglacial

period in the northern North Atlantic during the Holocene (Hald et al., 2007; Stein, 2008a).
6.4 Summary and Conclusions

This is the first application of the novel sea ice biomarker IP,; in determining Arctic sea ice

records prior to the Holocene. We also show how the variable occurrence of IP,;, when
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considered alongside other geochemical proxies such as brassicasterol from phytoplankton,
can reveal more specific palaco sea ice scenarios. The co-occurrence of both biomarkers
refers to either seasonal sea ice cover (Farly and Late Holocene) or a stationary ice margin
(Late Weichselian) enabling spring sea ice diatom and summer phytoplankton growth, with
the latter scenario evidenced further by the additional enhancement of sedimentary IRD
(Norgaard-Pedersen et al.,, 2003). In contrast, near-zero occurrences of both biomarkers
(LGM and Early Younger Dryas/IACP), result from unfavourable environmental
conditions for both organism classes during extreme cold periods with near-perennial sea ice
cover. In addition, the predominant occurrence of IP,; (early deglaciation) or brassicasterol
(Early Bolling) indicates the progressive thinning of the sea ice cover, or sea ice-free
conditions, respectively. As such, the relationship between IP,; and brassicasterol fluxes is
strongly dependent on the specific sea ice conditions, shown further by the variable
correlation between these two biomarkers at different intervals across the record (Fig. 32).
As shown, our biomarker-based observations and interpretations align strongly with
previous palaeoclimate records for northern Fram Strait (Andersen et al., 1996; Birgel and
Hass, 2004; Knies et al., 1999; Wollenburg et al., 2004), but they also provide more specific
palacoceanographic information. Firstly, during intervals of the Late Weichselian, our
biomarker record indicates extended periods of near-perennial sea ice cover (29 - 27.5 ka BP
and 23.5 - 17 ka BP; Fig. 32), yet high fluxes of planktic and benthic foraminifera have been
identified previously in PS2837-5, and these were attributed to a stronger though,
significantly, subsurface input of warm Atlantic water (Norgaard-Pedersen et al., 2003;
Wollenburg et al., 2004) during so-called high-productive events (Hebbeln et al., 1994). We
suggest that a temperate subsurface layer, causing thinning and short-term opening of the ice
sheet during summer months (Fig. 33.a), was sufficient for short-term blooms of
phytoplankton-grazing foraminifera without significant deposition of marine surface-water
or sea ice-derived biomarkers (23.5 - 17 ka BP). Secondly, significantly higher biomarker
fluxes are observed during an interval (27 - 24 ka BP) barren of planktic foraminifers
(Norgaard-Pedersen et al., 2003) which may be ascribed to enhanced sedimentary carbonate
dissolution (Knies et al., 1999; Norgaard-Pedersen et al., 2003; Steinsund and Hald, 1994;
Wollenburg et al., 2004) as a consequence of elevated sea surface primary productivity at the
ice edge during polynya conditions. These observations further reinforce the importance of
evaluating the significance of individual proxies when carrying out integrated palacoclimate

reconstructions.
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Biomarker data are available at doi:10.1594/PANGAEA.728973.
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7. Conclusions and Outlook

7.1 Conclusions
Within the framework of this thesis both the applicability of the novel sea ice proxy IP,; and
its significance for palacoceanographic and -climatic reconstructions were evaluated.

The reliability of IP,; to satisfactorily reflect a previous ice cover has been demonstrated
by means of the surface sediment study outlined in chapter 4. Major outcome of this study is
that the coupling of IP,; with phytoplankton-derived biomarkers (referring to mainly ice-free
conditions) considerably improves the reconstruction of sea surface conditions. This
combination importantly prevents the misleading interpretation of ambiguous low or zero
IP,; contents and even enables discrimination between ice-free, seasonal, stable ice-edge, and
permanent ice cover conditions. Thus a phytoplankton-IP,; (PIP,;) index was established to
combine the different biomarker information. In co-operation with colleagues from the
numerical modelling department this study was complemented with satellite and model data,
which finally permitted qualitative and quantitative comparison between biomarker results
and observed sea ice conditions. Correlation analyses of the PIP,; index of surface
sediments with numerically modelled and satellite-derived sea ice data yielded good results
and thus provided a first step towards quantitative sea ice reconstructions.

The reconstruction of Holocene sea ice conditions in Fram Strait and the use of the PIP,.
index are described in chapter 5. The combinatory biomarker approach significantly
improved the assessment of sea surface conditions and enabled the identification of rapid
sea ice fluctuations during the Neoglacial, which were brought into context with changes of
the oceanic (and atmospheric) circulation patterns. By means of PIP,; indices, a Middle
Holocene shift from less sea ice cover to marginal ice zone conditions was reconstructed.
The distinct Neoglacial short-term variations, however, are not reflected by the PIP,;
indices, which strengthens that in-phase fluctuations of the respective biomarkers are
unfortunately balanced out through the PIP,; calculation. This needs to be considered for
the use of these indices.

The first identification of IP,; in pre-Holocene sediments as shown in chapter 6
importantly extended the temporal application of the novel ice proxy. Previous estimates of
the Last Glacial Maximum sea ice conditions in Fram Strait thus could be proven (or
discarded, where required). Abrupt climatic perturbations during the last glacial-interglacial
transition were associated with highly variable oceanic circulation patterns and extreme sea

ice fluctuations, which were successively reconstructed by means of the IP,; and
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phytoplankton biomarker records. These findings highlight the susceptibility of Arctic sea
ice to climate change and thus motivate the further use of IP,; to elucidate palaco sea ice

conditions.

7.2 Outlook

The data presented within this work contribute to the knowledge about the use of the novel
sea ice proxy IP,; for palacoceanographic sea ice reconstructions and the evolution of the
sea ice cover in Fram Strait during the past 30,000 years. Suggestions were made how the
information carried by IP,; could be interpreted to ensure a comprehensive assessment of
sea surface conditions. Given the juvenescence of IP,; there are still many open questions
and uncertainties that require consideration and illumination during future IP,; studies.

With regard to the herein documented approach to establish a "modern-analogue" type
of calibration between IP,; (or rather PIP,;) data and satellite- or model-based sea ice maps
to quantitatively reconstruct sea ice coverage, much more biomarker information is needed
to validate this attempt. IP,; studies on surface sediments from (ideally) the whole Arctic
Ocean would provide the required amount and density of data to verify the quantitative
PIP,; sea ice estimate. Those studies would also gather environmental information about the
spatial distribution of IP,; producing sea ice diatoms and reveal possible ecological
restrictions. In this regard, the identification of the IP,; source diatom species (either
through analyses of sedimentary or, more reliably, in-ice diatom assemblages) would fill a
distinct gap of knowledge. Sediment trap studies (as they are already performed at the AWI)
would additionally elucidate the actual export rates of IP,; and possible alteration
mechanisms that affect IP,; on its way from the sea surface through the water column
towards the sea floor.

Further IP,; studies performed on a multitude of sediment cores from the high northern
latitudes would extend not only the spatial but also the temporal range of this proxy.
Comparisons of IP,; based sea ice estimates between different core sites thus could even
provide basis for an "atlas" of palaco (time-slice) sea ice coverage. In particular the
localisation of palaco sea ice margins would be of high interest as they denote areas of
contrasting sea surface conditions that control atmospheric and oceanic interactions. The
importance and use of such work for palacoceanographic and climate studies would be
indisputable.

With respect to the herein conducted IP,; analyses of sediment cores from the inner East

Greenland shelf and the West Spitsbergen continental margin, it became evident that
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especially the latter constitutes a promising study area to record climatically induced changes
in the oceanographic setting of the Fram Strait. It may be expected that sediment cores from
the more distal East Greenland shelf or continental slope also serve as valuable archives to
track the discharge history of the EGC. Sea ice reconstruction studies from both sides of the
Fram Strait would surely support the investigation of a potential seesawing in the strength of
Atlantic water in- and Arctic water (ice) outflow during ancient climates (e.g. during
Pleistocene glacials and interglacials). This, in turn, would help to estimate which impact
palaeo sea ice oscillations had on the North Atlantic thermohaline circulation and hence on
global climate. The opportunity to recover respectively old sediment material by means of
common shipboard facilities or new invented coring devices such as the MeBo sea floor drill
rig (MARUM, Bremen) that can be deployed and operated from standard research vessels
thus should be used to retrieve such core material for IP,; analyses.

Apart from Fram Strait, further target areas as, for example, the Bering Strait -
representing the minor Arctic gateway counterpart - occur rather interesting for studying
IP,; to amend the reconstruction of climate relevant ocean-ice-atmosphere interactions. The
ascertainment of teleconnections between short- and long-term variations in the glacial-
marine setting (not only of the Arctic gateways) would certainly contribute to the
understanding of the role that the high latitudes play in driving and amplifying global climate

variability.
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Appendix

9. Appendix

The appendices A - C provide data that are presented and discussed in this thesis. Further
data that were collected within the framework of this thesis will be archived within

PANGAEA and made available whilst these results are published.

Appendix A includes data presented in chapter 4.

Appendix Al: Biomarker concentrations of surface sediments.
Appendix A2: PplPas, PpIP2s and PandP2s indices of surface sediments.
Appendix A3: Satellite and NAOSIM sea ice data.

Appendix B includes data presented in chapter 5.

Appendix B1: Biomatker data, PIP25 and PpIP»s indices of sediment core MSM5/5-712-2.
Appendix B2: Bulk and biomarker data, PsIP»s, PpIP2s indices of sediment core PS2641-4.
Appendix B3: IP»s data of sediment core MSM5/5-723-2.

Appendix B4: TOC and CaCOs3 contents of sediment cores MSM5/5-712-2 and MSM5/5-723-2.

Appendix C includes data presented in chapter 0.
Appendix C: IP»s data of sediment core PS2837-5.

99



Appendix A1: Biomarker data of surface sediments from the West Spitsbergen and East Greenland margin (chapter 4)

Water 1P25 P25 Brassicasterol Brassicasterol  Dinosterol Dinosterol
Station Latitude  Longitude depth (m) (ug/g sed) (ug/g TOC) (pg/g sed) (ug/g TOC) (Mg/g sed) (pg/g TOC)

PS57/127-1 79.0333 10.51 -307 0.01 0.76 4.38 234.22 0.88 47.15
PS57/130-1 77.7833 9.68 -388 0.01 0.85 0.93 108.52 0.22 25.57
PS57/131-2  77.1683 111 -320 0.00 0.59 1.07 129.33 0.22 26.25
PS57/136-2 77.81 15.8817 -589 0.00 0.28 1.57 93.35 0.14 8.09
PS57/137-2 77.77 15.065 -1442 0.01 0.41 2.12 100.42 0.30 14.15
PS57/138-1 76.6817 12.995 -1013 0.00 0.54 0.55 63.38 0.15 17.18
PS57/145-1 76.335 13.9283 -1502 0.00 0.17 1.02 85.54 0.20 16.93
PS57/166-2 79.13 4.893 -527 0.01 0.67 1.30 100.45 0.27 21.16
PS62/002-3  61.7947  -39.3738 -1928 0.00 0.00 0.40 201.45 0.06 30.77
PS62/003-3 61.701 -39.0676 -2192 0.00 0.00 1.58 686.33 0.17 73.10
PS62/004-2  61.5258  -38.1232 -2564 0.00 0.00 0.50 134.12 0.11 28.83
PS62/012-2  64.6243  -31.6933 -2431 0.00 0.00 0.26 111.09 0.04 19.14
PS62/015-4  67.9307  -25.4291 -1013 0.02 3.88 0.80 135.21 0.23 39.64
PS62/017-1 67.8508 -24.582 -1502 0.03 4.11 1.45 234.00 0.27 43.71
PS62/020-1 70.9989  -18.9151 -1374 0.02 2.59 0.75 116.60 0.14 22.06
PS62/022-3  72.4906  -12.6063 -627 0.01 1.65 1.08 152.59 0.20 27.60
PS62/026-3 74.332 -8.213 -3341 0.01 0.83 0.85 97.79 0.16 17.93
PS62/027-1 74.824 -7.008 -3510 0.01 0.82 0.72 93.70 0.13 16.91
PS62/028-1 74.849 -6.915 -3477 0.00 0.70 0.66 95.18 0.12 16.86
PS62/029-2 74.799 -7.084 -3471 0.00 0.00 0.45 70.93 0.10 15.86
PS62/038-1 74.767 -5.026 -3603 0.00 0.00 0.24 85.30 0.04 15.03
PS62/041-1 74.684 -5.012 -3602 0.00 0.00 0.68 101.85 0.12 17.70
PS62/044-1 74.7901 -5.6937 -3558 0.00 0.61 0.66 84.02 0.14 17.83
PS62/046-3 74.808 -8.152 -3395 0.01 0.87 0.76 101.84 0.18 23.49
PS62/048-1 74.841 -8.142 -3458 0.01 0.93 0.89 119.30 0.14 19.26
PS62/050-1 74.867 -8.154 -3383 0.01 0.97 0.67 95.52 0.15 21.12
PS64/487-1 76.149 -17.283 -234 0.03 6.40 0.39 72.86 0.13 24.86
PS64/488-1 76.1828 -15.181 -320 0.02 2.43 0.31 35.44 0.11 12.10
PS64/489-1 76.2356  -11.0017 -315 0.01 2.77 0.34 77.81 0.07 16.23
PS64/490-1 76.397 -9.9913 -264 0.01 3.47 0.23 86.95 0.08 28.52
PS64/504-1 75.7209 -8.0882 -2324 0.00 1.23 0.25 63.49 0.07 18.41
PS64/508-1 75.9817 -9.1974 -1087 0.01 1.48 0.12 30.33 0.04 10.20
PS64/511-1 76.1658  -10.0127 -288 0.01 1.96 0.30 67.15 0.08 17.37
PS64/516-1 76.4749  -11.4143 -314 0.01 1.38 0.34 54.61 0.09 14.27
PS64/528-1 75.5895 -7.5765 -3187 0.00 0.66 0.20 33.73 0.05 9.10
PS64/531-1 75.7817 -8.3472 -2023 0.01 1.29 0.30 55.93 0.10 18.96
PS64/573-1 74.765 -16.7318 -388 0.03 2.72 0.61 59.81 0.20 19.88
PS64/582-1 74.4423  -14.1948 -589 0.01 2.28 0.29 65.28 0.09 19.93
PS64/583-1 74.3977  -13.8936 -1442 0.01 1.47 0.25 48.59 0.07 13.65

PS2630-7 73.16 -18.0683 -287 0.02 4.89 0.41 127.24 0.10 32.81

PS2642-2 72.79 -25.8217 -759 0.01 8.47 0.22 217.63 0.05 51.80

PS2648-3 70.525 -22.51 -109 0.03 3.77 1.40 202.29 0.22 31.80

PS2651-3 71.15 -25.5417 -773 0.00 2.60 0.35 251.33 0.09 63.88

PS2654-6 70.9217  -26.5833 -942 0.00 3.51 0.31 234.65 0.09 66.11




Appendix A1: Biomarker data of surface sediments from the West Spitsbergen and East Greenland margin (chapter 4)

Water  n-C15 alkane n-C15alkane n-C17 alkane n-C17 alkane n-C19 alkane n-C19 alkane
Station Latitude Longitude depth (m) (ug/g sed) (ug/g TOC) (Mg/g sed) (pg/g TOC) (pg/g sed) (ug/g TOC)

PS57/127-1  79.0333 10.51 -307 0.24 12.91 0.42 22.49 0.37 20.01
PS57/130-1  77.7833 9.68 -388 0.44 51.61 0.44 51.57 0.43 50.49
PS57/131-2  77.1683 1.1 -320 0.47 57.12 0.46 55.09 0.46 55.10
PS57/136-2 77.81 15.8817 -589 0.93 55.18 1.02 60.84 1.77 105.17
PS57/137-2 77.77 15.065 -1442 0.84 39.70 0.87 41.15 0.99 46.71
PS57/138-1  76.6817 12.995 -1013 0.61 70.28 0.54 62.32 0.65 74.60
PS57/145-1 76.335 13.9283 -1502 0.46 38.54 0.48 40.64 0.44 36.60
PS57/166-2 79.13 4.893 -527 0.05 4.26 0.21 16.46 0.22 16.97
PS62/002-3 61.7947 -39.3738 -1928 0.00 1.72 0.01 6.20 0.01 5.66
PS62/003-3  61.701  -39.0676 -2192 0.01 3.13 0.01 6.44 0.02 7.53
PS62/004-2 61.5258 -38.1232 -2564 0.01 3.69 0.02 4.59 0.02 4.17
PS62/012-2  64.6243 -31.6933 -2431 0.01 5.58 0.02 7.10 0.01 5.36
PS62/015-4  67.9307 -25.4291 -1013 0.04 7.58 0.05 8.98 0.04 713
PS62/017-1  67.8508  -24.582 -1502 0.07 10.57 0.07 11.19 0.06 9.34
PS62/020-1 70.9989 -18.9151 -1374 0.08 13.26 0.09 14.84 0.08 12.53
PS62/022-3 72.4906 -12.6063 -627 0.1 15.71 0.11 15.65 0.09 12.87
PS62/026-3  74.332 -8.213 -3341 0.08 9.76 0.14 16.60 0.14 16.19
PS62/027-1 74.824 -7.008 -3510 0.07 8.84 0.09 11.48 0.09 11.07
PS62/028-1 74.849 -6.915 -3477 0.05 7.91 0.09 12.91 0.08 12.22
PS62/029-2  74.799 -7.084 -3471 0.01 1.74 0.06 9.68 0.08 12.66
PS62/038-1 74.767 -5.026 -3603 0.01 2.37 0.02 8.40 0.03 11.68
PS62/041-1 74.684 -5.012 -3602 0.03 5.00 0.07 11.13 0.09 12.92
PS62/044-1  74.7901  -5.6937 -3558 0.03 4.19 0.09 11.73 0.09 11.78
PS62/046-3  74.808 -8.152 -3395 0.13 16.85 0.11 14.14 0.10 12.74
PS62/048-1 74.841 -8.142 -3458 0.06 8.50 0.09 12.03 0.09 11.83
PS62/050-1 74.867 -8.154 -3383 0.04 5.98 0.08 10.94 0.08 11.95
PS64/487-1 76.149 -17.283 -234 0.01 0.95 0.02 4.62 0.02 4.21
PS64/488-1  76.1828  -15.181 -320 0.03 3.37 0.07 7.73 0.05 5.65
PS64/489-1  76.2356 -11.0017 -315 0.01 2.41 0.03 7.56 0.03 6.96
PS64/490-1 76.397 -9.9913 -264 0.01 4.96 0.03 12.59 0.03 10.49
PS64/504-1  75.7209  -8.0882 -2324 0.01 3.1 0.06 14.20 0.06 15.31
PS64/508-1 759817  -9.1974 -1087 0.01 2.34 0.05 11.35 0.05 13.27
PS64/511-1  76.1658 -10.0127 -288 0.01 1.67 0.03 5.79 0.03 6.05
PS64/516-1  76.4749 -11.4143 -314 0.00 0.28 0.02 3.32 0.03 4.77
PS64/528-1 75.5895  -7.5765 -3187 0.01 1.64 0.04 6.81 0.05 8.69
PS64/531-1  75.7817  -8.3472 -2023 0.04 7.48 0.10 18.45 0.09 15.98
PS64/573-1 74765 -16.7318 -388 0.05 5.05 0.10 9.32 0.07 7.07
PS64/582-1  74.4423 -14.1948 -589 0.03 6.11 0.05 10.83 0.04 9.07
PS64/583-1  74.3977 -13.8936 -1442 0.06 12.63 0.08 16.09 0.07 13.31
PS2630-7 73.16 -18.0683 -287 0.02 4.92 0.04 12.06 0.03 9.90
PS2642-2 72.79 -25.8217 -759 0.00 0.67 0.01 6.36 0.01 9.46
PS2648-3 70.525 -22.51 -109 0.15 21.98 0.24 35.49 0.18 26.19
PS2651-3 71.15 -25.5417 =773 0.00 1.97 0.01 8.00 0.01 8.76

PS2654-6 70.9217  -26.5833 -942 0.00 1.43 0.01 7.16 0.01 5.62




Appendix A2: PIP25 indices of surface sediments from the West Spitsbergen and East Greenland margin (chapter 4)

Station Latitude Longitude PBIP25 index PDIP25 index PAIKIP25 index
PS57/127-1 79.0333 10.51 0.19 0.19 0.27
PS57/130-1 77.7833 9.68 0.36 0.33 0.13
PS57/131-2 77.1683 1.1 0.25 0.25 0.09
PS57/136-2 77.81 15.8817 0.18 0.34 0.03
PS57/137-2 7777 15.065 0.23 0.30 0.08
PS57/138-1 76.6817 12.995 0.38 0.32 0.07
PS57/145-1 76.335 13.9283 0.13 0.13 0.04
PS57/166-2 79.13 4.893 0.33 0.32 0.33
PS62/002-3 61.7947 -39.3738 0.00 0.00 0.00
PS62/003-3 61.701 -39.0676 0.00 0.00 0.00
PS62/004-2 61.5258 -38.1232 0.00 0.00 0.00
PS62/012-2 64.6243 -31.6933 0.00 0.00 0.00
PS62/015-4 67.9307 -25.4291 0.68 0.59 0.82
PS62/017-1 67.8508 -24.582 0.56 0.58 0.78
PS62/020-1 70.9989 -18.9151 0.62 0.63 0.64
PS62/022-3 72.4906 -12.6063 0.44 0.47 0.51
PS62/026-3 74.332 -8.213 0.38 0.41 0.35
PS62/027-1 74.824 -7.008 0.39 0.42 0.42
PS62/028-1 74.849 -6.915 0.35 0.38 0.37
PS62/029-2 74.799 -7.084 0.00 0.00 0.00
PS62/038-1 74.767 -5.026 0.00 0.00 0.00
PS62/041-1 74.684 -5.012 0.00 0.00 0.00
PS62/044-1 74.7901 -5.6937 0.35 0.34 0.38
PS62/046-3 74.808 -8.152 0.38 0.35 0.35
PS62/048-1 74.841 -8.142 0.36 0.42 0.44
PS62/050-1 74.867 -8.154 0.42 0.41 0.48
PS64/487-1 76.149 -17.283 0.86 0.79 0.95
PS64/488-1 76.1828 -15.181 0.83 0.75 0.80
PS64/489-1 76.2356 -11.0017 0.72 0.72 0.82
PS64/490-1 76.397 -9.9913 0.74 0.64 0.77
PS64/504-1 75.7209 -8.0882 0.58 0.50 0.51
PS64/508-1 75.9817 -9.1974 0.78 0.68 0.60
PS64/511-1 76.1658 -10.0127 0.68 0.63 0.80
PS64/516-1 76.4749 -11.4143 0.65 0.59 0.82
PS64/528-1 75.5895 -7.5765 0.59 0.52 0.52
PS64/531-1 75.7817 -8.3472 0.63 0.50 0.46
PS64/573-1 74.765 -16.7318 0.77 0.67 0.78
PS64/582-1 74.4423 -14.1948 0.72 0.63 0.71
PS64/583-1 74.3977 -13.8936 0.69 0.61 0.49

PS2630-7 73.16 -18.0683 0.74 0.69 0.83
PS2642-2 72.79 -25.8217 0.74 0.71 0.93
PS2648-3 70.525 -22.51 0.57 0.64 0.55
PS2651-3 71.15 -25.5417 0.43 0.38 0.79

PS2654-6 70.9217 -26.5833 0.52 0.44 0.87




Appendix A3: Satellite and NAOSIM sea ice data from the West Spitsbergen and East Greenland margin (chapter 4)

Satellite sea ice NAOSIM sea ice NAOSIM sea ice
Station Latitude Longitude concentration (%) concentration (%) thickness (m)
PS57/127-1 79.0333 10.51 15 25 0.5
PS57/130-1 77.7833 9.68 5 25 0.5
PS57/131-2 77.1683 1.1 5 25 0.5
PS57/136-2 77.81 15.8817 n.d. n.d. n.d.
PS57/137-2 77.77 15.065 n.d. n.d. n.d.
PS57/138-1 76.6817 12.995 15 35 0.5
PS57/145-1 76.335 13.9283 15 45 0.5
PS57/166-2 79.13 4.893 15 35 0.5
P862/002-3 61.7947 -39.3738 5 5 0
PS62/003-3 61.701 -39.0676 5 5 0
PS62/004-2 61.5258 -38.1232 5 5 0
PS62/012-2 64.6243 -31.6933 5 5 0
PS62/015-4 67.9307 -25.4291 65 75 1.5
PS62/017-1 67.8508 -24.582 45 65 0.5
PS62/020-1 70.9989 -18.9151 65 95 25
PS62/022-3 72.4906 -12.6063 25 35 0.5
PS62/026-3 74.332 -8.213 15 35 0.5
PS62/027-1 74.824 -7.008 15 25
PS62/028-1 74.849 -6.915 15 25
PS62/029-2 74.799 -7.084 15 25 0
PS62/038-1 74.767 -5.026 5 35 0.5
PS62/041-1 74.684 -5.012 5 35 0.5
PS62/044-1 74.7901 -5.6937 5 35 0.5
PS62/046-3 74.808 -8.152 15 25 0
PS62/048-1 74.841 -8.142 15 25 0
PS62/050-1 74.867 -8.154 15 25 0
PS64/487-1 76.149 -17.283 95 95 3.5
PS64/488-1 76.1828 -15.181 95 95 2.5
PS64/489-1 76.2356 -11.0017 85 85 1.5
PS64/490-1 76.397 -9.9913 75 75 1.5
PS64/504-1 75.7209 -8.0882 25 35 0.5
PS64/508-1 75.9817 -9.1974 55 45 0.5
PS64/511-1 76.1658 -10.0127 65 75 1.5
PS64/516-1 76.4749 -11.4143 85 85 1.5
PS64/528-1 75.5895 -7.5765 25 25 0.5
PS64/531-1 75.7817 -8.3472 35 45 0.5
PS64/573-1 74.765 -16.7318 85 95 2.5
PS64/582-1 74.4423 -14.1948 65 75 1.5
PS64/583-2 74.3977 -13.8936 65 75 1.5
PS2630-7 73.16 -18.0683 85 95 2.5
PS2642-2 72.79 -25.8217 n.d. n.d. n.d.
PS2648-3 70.525 -22.51 n.d. 75 5.5
PS2651-3 71.15 -25.5417 n.d. n.d. n.d.
PS2654-6 70.9217 -26.5833 n.d. n.d. n.d.

mean spring (March-April-May) sea ice concentrations (thicknesses) + 5% (+ 0.5 m) averaged over the period 1979-2003

n.d.: not determined



Appendix B1: Biomarker data and PIP25 indices of sediment core MSM5/5-712-2

1P25 1P25 Brassicasterol Brassicasterol Dinosterol Dinosterol PBIP25
Depth (m) (ng/g sed) (pg/g TOC) (ug/g sed) (ug/g TOC) (ug/g sed) (ug/g TOC) index PDIP25 index

0.10 2.86 0.23 0.41 33.47 0.13 10.57 0.40 0.41
0.11 8.65 0.69 0.28 22.15 0.15 12.00 0.75 0.65
0.12 9.69 0.76 0.31 24.19 0.16 12.48 0.75 0.66
0.13 11.16 0.87 0.31 24.29 0.16 12.35 0.77 0.69
0.14 8.67 0.68 0.33 25.99 0.18 14.17 0.71 0.61
0.15 7.92 0.63 0.34 27.08 0.15 12.35 0.69 0.62
0.16 8.16 0.66 0.31 25.27 0.15 1217 0.71 0.63
0.17 7.25 0.61 0.33 27.47 0.14 11.40 0.68 0.63
0.18 6.95 0.60 0.33 28.40 0.14 12.38 0.66 0.61
0.19 5.67 0.50 0.28 24.80 0.13 11.65 0.66 0.58
0.20 6.55 0.57 0.30 26.27 0.13 11.36 0.67 0.62
0.21 6.78 0.63 0.26 24.66 0.12 10.78 0.71 0.65
0.22 4.60 0.46 0.24 23.74 0.12 11.84 0.65 0.55
0.23 4.52 0.44 0.26 25.12 0.11 10.75 0.62 0.57
0.24 4.44 0.44 0.22 22.19 0.08 7.91 0.65 0.64
0.25 4.31 0.42 0.28 27.40 0.10 9.39 0.59 0.59
0.26 6.44 0.62 0.34 33.36 0.13 12.87 0.64 0.61
0.27 6.67 0.62 0.34 32.02 0.10 9.69 0.65 0.67
0.28 7.46 0.68 0.45 41.08 0.15 13.95 0.61 0.61
0.29 8.80 0.80 0.46 41.81 0.17 15.53 0.64 0.62
0.30 9.25 0.82 0.43 37.93 0.12 10.47 0.67 0.72
0.31 7.07 0.63 0.46 40.47 0.15 13.11 0.59 0.60
0.32 6.99 0.64 0.37 34.50 0.14 12.60 0.64 0.62
0.33 6.74 0.64 0.31 29.64 0.12 11.34 0.67 0.64
0.34 4.87 0.49 0.32 32.07 0.13 13.45 0.59 0.54
0.35 5.35 0.54 0.29 29.42 0.10 10.33 0.63 0.63
0.36 5.34 0.53 0.24 24.51 0.11 10.66 0.67 0.62
0.37 4.72 0.46 0.31 30.39 0.12 12.17 0.59 0.55
0.38 5.80 0.56 0.32 31.04 0.08 7.80 0.63 0.70
0.39 5.75 0.53 0.35 32.48 0.16 14.76 0.61 0.54
0.40 5.77 0.55 0.30 28.88 0.14 13.64 0.64 0.56
0.41 5.06 0.48 0.32 30.14 0.14 13.32 0.60 0.53
0.42 5.78 0.54 0.31 28.89 0.14 12.91 0.64 0.57
0.43 6.05 0.58 0.29 28.02 0.13 12.13 0.66 0.60
0.44 5.96 0.59 0.25 24.91 0.12 12.22 0.69 0.61
0.45 4.52 0.45 0.23 22.30 0.12 12.26 0.65 0.54
0.46 418 0.43 0.22 22.44 0.08 8.76 0.64 0.61
0.47 4.51 0.47 0.23 2415 0.12 12.11 0.65 0.55
0.48 4.80 0.46 0.30 28.80 0.14 13.25 0.60 0.53
0.49 3.66 0.36 0.32 31.43 0.15 14.31 0.52 0.44
0.50 5.11 0.52 0.26 26.33 0.12 12.27 0.65 0.58
0.51 5.72 0.55 0.32 31.25 0.14 13.34 0.62 0.57
0.52 6.12 0.59 0.32 30.89 0.14 13.30 0.64 0.59
0.53 4.69 0.46 0.27 26.66 0.14 13.92 0.62 0.52
0.54 4.69 0.48 0.28 28.83 0.12 12.78 0.61 0.55
0.55 5.55 0.53 0.32 30.86 0.13 12.92 0.62 0.57
0.56 3.46 0.34 0.23 22.89 0.10 9.59 0.58 0.53
0.57 3.31 0.35 0.18 18.72 0.09 9.90 0.64 0.53
0.59 4.32 0.43 0.31 31.01 0.12 12.02 0.57 0.54
0.60 3.66 0.33

0.61 410 0.41 0.24 24.69 0.10 10.07 0.61 0.57
0.62 4.42 0.44 0.30 30.31 0.09 9.24 0.58 0.60
0.63 4.34 0.43 0.27 26.92 0.11 10.62 0.60 0.57
0.64 3.69 0.35 0.32 29.82 0.12 11.44 0.52 0.49
0.65 4.09 0.38

0.66 3.84 0.37 0.36 34.25 0.13 12.11 0.50 0.49
0.67 3.75 0.35 0.29 27.18 0.13 12.23 0.55 0.48
0.68 4.92 0.45 0.36 32.68 0.12 11.40 0.56 0.56
0.69 4.30 0.40 0.33 30.59 0.14 13.28 0.55 0.49
0.70 4.37 0.41 0.29 27.45 0.12 11.22 0.58 0.54

0.72 4.42 0.41 0.30 28.03 0.13 11.84 0.58 0.53



Appendix B1: Biomarker data and PIP25 indices of sediment core MSM5/5-712-2

1P25 1P25 Brassicasterol Brassicasterol Dinosterol Dinosterol PBIP25
Depth [cm] (ng/g sed) (pg/g TOC) (ug/g sed) (ug/g TOC) (ug/g sed) (ug/g TOC) index PDIP25 index

0.74 4.62 0.45 0.39 37.68 0.13 12.76 0.53 0.53
0.76 5.34 0.50 0.38 35.41 0.14 12.67 0.57 0.56
0.78 3.52 0.35 0.35 34.49 0.14 13.52 0.49 0.45
0.80 4.33 0.44 0.30 30.66 0.12 12.27 0.58 0.54
0.82 4.19 0.43 0.33 33.90 0.12 12.14 0.54 0.53
0.84 5.49 0.57 0.32 32.87 0.11 11.88 0.62 0.60
0.86 3.19 0.34 0.27 29.45 0.10 10.38 0.52 0.51
0.88 3.00 0.31 0.33 34.17 0.10 10.77 0.46 0.48
0.90 2.78 0.30 0.36 38.38 0.09 10.05 0.42 0.49
0.92 3.26 0.35 0.31 33.50 0.10 10.41 0.50 0.52
0.94 419 0.43 0.38 38.89 0.11 11.52 0.51 0.54
0.96 2.84 0.31 0.28 31.32 0.10 10.49 0.49 0.49
0.98 2.89 0.33 0.30 34.08 0.08 9.25 0.48 0.53
1.00 2.62 0.29 0.30 32.57 0.09 10.16 0.45 0.47
1.01 0.29 29.59 0.08 8.41

1.02 2.65 0.27 0.30 31.08 0.09 9.04 0.45 0.49
1.04 1.70 0.17 0.25 26.18 0.08 8.42 0.39 0.40
1.06 1.74 0.19 0.30 32.32 0.10 11.13 0.36 0.35
1.08 3.06 0.32 0.30 30.46 0.10 9.83 0.49 0.51
1.10 2.49 0.26 0.31 31.65 0.09 9.74 0.43 0.46
1.12 2.74 0.27 0.27 26.37 0.10 9.79 0.49 0.47
1.14 277 0.28 0.31 31.10 0.10 10.24 0.46 0.47
1.16 3.09 0.31 0.26 26.07 0.10 9.60 0.53 0.51
1.18 2.75 0.27 0.35 34.49 0.10 9.50 0.42 0.48
1.20 2.88 0.28 0.26 25.58 0.10 9.73 0.51 0.48
1.22 2.59 0.26 0.30 29.33 0.12 11.46 0.45 0.42
1.24 3.71 0.35 0.29 27.06 0.10 9.14 0.55 0.55
1.26 2.72 0.27 0.34 34.53 0.11 11.37 0.43 0.44
1.28 2.69 0.28 0.30 30.96 0.11 11.41 0.46 0.44
1.30 2.64 0.25 0.31 29.28 0.09 8.59 0.44 0.48
1.32 2.35 0.25 0.34 35.55 0.08 8.83 0.39 0.47
1.34 2.66 0.28 0.32 33.72 0.10 10.20 0.44 0.46
1.36 1.93 0.17 0.35 31.77 0.10 9.38 0.34 0.37
1.38 2.42 0.25 0.37 38.39 0.10 10.59 0.38 0.43
1.40 1.61 0.18 0.28 31.26 0.10 11.34 0.35 0.34
1.42 2.31 0.27 0.28 32.63 0.09 10.91 0.44 0.44
1.44 1.47 0.14 0.23 21.84 0.10 9.15 0.37 0.33
1.46 1.34 0.15 0.22 24.31 0.04 4.95 0.37 0.49
1.48 1.50 0.16 0.28 29.50 0.10 10.70 0.34 0.32
1.50 1.84 0.20 0.33 35.08 0.10 10.75 0.35 0.37
1.52 1.52 0.17 0.32 35.92 0.11 11.93 0.31 0.31
1.53 1.67 0.18 0.32 35.90 0.11 11.66 0.33 0.34
1.54 1.03 0.11 0.31 33.29 0.10 10.52 0.24 0.26
1.55 1.03 0.12 0.36 39.70 0.10 11.66 0.21 0.24
1.56 1.64 0.19 0.29 32.48 0.09 10.07 0.35 0.37
1.57 1.06 0.12 0.30 32.11 0.10 10.73 0.25 0.26
1.58 1.13 0.13 0.31 34.74 0.10 11.57 0.26 0.26
1.59 1.24 0.14 0.29 33.25 0.08 8.64 0.28 0.34
1.60 1.41 0.16 0.27 31.19 0.08 9.10 0.33 0.36
1.61 1.08 0.12 0.36 39.92 0.08 9.08 0.22 0.30
1.62 1.42 0.16 0.26 28.45 0.07 7.82 0.34 0.39
1.63 1.20 0.13 0.31 33.39 0.08 8.95 0.27 0.32
1.64 1.63 0.18 0.31 34.88 0.09 9.59 0.33 0.38
1.65 1.50 0.17 0.29 32.33 0.09 10.00 0.33 0.35
1.66 0.70 0.08 0.25 29.38 0.08 8.85 0.21 0.23
1.67 1.00 0.12 0.28 32.88 0.08 8.84 0.25 0.30
1.68 0.69 0.08 0.30 35.13 0.08 8.84 0.18 0.22
1.69 0.75 0.09 0.28 31.98 0.08 9.52 0.21 0.23
1.70 0.43 0.05 0.30 32.65 0.07 7.45 0.12 0.17
1.71 0.56 0.06 0.38 39.57 0.09 9.38 0.12 0.17

1.72 1.50 0.17 0.33 37.02 0.09 10.02 0.30 0.35



Appendix B1: Biomarker data and PIP25 indices of sediment core MSM5/5-712-2

1P25 1P25 Brassicasterol Brassicasterol Dinosterol Dinosterol PBIP25
Depth [cm] (ng/g sed) (pg/g TOC) (ug/g sed) (ug/g TOC) (ug/g sed) (ug/g TOC) index PDIP25 index
1.73 1.02 0.11 0.33 36.50 0.09 9.57 0.23 0.28
1.74 0.51 0.06 0.29 33.17 0.08 8.75 0.14 0.18
1.75 0.17 0.02 0.36 40.55 0.08 9.34 0.04 0.06
1.76 0.36 0.04 0.30 34.78 0.08 8.75 0.10 0.13
1.77 0.59 0.07 0.36 41.29 0.08 9.44 0.13 0.19
1.78 1.21 0.14 0.30 34.27 0.09 10.25 0.27 0.30
1.79 0.94 0.11 0.31 35.76 0.08 9.48 0.22 0.27
1.80 1.00 0.12 0.31 35.86 0.08 9.74 0.24 0.28
1.81 0.80 0.09 0.37 40.52 0.08 8.81 0.17 0.24
1.82 1.07 0.12 0.33 37.68 0.09 10.19 0.23 0.28
1.83 0.78 0.09 0.34 38.01 0.09 10.14 0.18 0.22
1.84 0.53 0.06 0.30 34.25 0.10 11.03 0.15 0.15
1.85 0.62 0.08 0.29 35.52 0.10 11.82 0.17 0.17
1.86 0.66 0.08 0.29 34.92 0.09 10.70 0.18 0.19
1.87 0.74 0.09 0.35 41.84 0.09 10.85 0.17 0.21
1.88 0.74 0.09 0.30 35.50 0.07 7.99 0.19 0.26
1.90 1.53 0.17 0.27 30.47 0.06 6.43 0.35 0.46
1.92 1.66 0.19 0.28 31.87 0.06 6.95 0.36 0.47
1.94 1.89 0.20 0.28 30.28 0.07 7.42 0.39 0.47
1.96 2.89 0.28 0.32 31.02 0.07 6.75 0.46 0.57
1.98 2.25 0.23 0.30 30.72 0.07 7.52 0.42 0.50
2.00 1.88 0.19 0.33 33.01 0.08 7.86 0.35 0.43
2.02 2.09 0.21 0.31 31.12 0.07 7.25 0.39 0.48
2.04 1.67 0.16 0.15 14.61 0.04 3.57 0.51 0.59
2.06 1.74 0.17 0.34 32.67 0.07 6.90 0.32 0.43

2.09 2.39 0.23 0.27 26.09 0.07 7.31 0.46 0.51




Appendix B2: Bulk and biomarker data and PIP25 indices of sediment core PS2641-4 (chapter 5)

TOC CaCO3 P25 1P25 Brassicasterol Brassicasterol  Dinosterol Dinosterol PBIP25
Depth (m) (wt. %) (Wt.%) (ng/g sed) (ug/g TOC)  (pg/g sed) (ug/g TOC) (ug/g sed)  (pg/g TOC) index PDIP25 index

0.01 117 0.41 5.07 0.43 0.26 22.46 0.05 4.31 0.63 0.71
0.05 1.23 0.03 4.36 0.35 0.25 20.19 0.07 5.86 0.61 0.59
0.10 1.10 0.78 3.70 0.34 0.29 26.45 0.06 5.67 0.53 0.59
0.15 1.10 0.52 3.52 0.32

0.25 1.12 0.32 3.70 0.33 0.24 21.40 0.06 5.13 0.58 0.61
0.35 1.05 0.78 4.60 0.44 0.24 22.78 0.07 6.80 0.63 0.61
0.45 0.92 0.70 2.79 0.30 0.21 22.97 0.04 4.85 0.54 0.60
0.55 0.99 0.84 2.66 0.27 0.17 17.33 0.05 4.64 0.58 0.58
0.65 1.02 1.05 1.47 0.14 0.19 19.07 0.06 5.59 0.41 0.38
0.75 1.03 0.52 1.79 0.17 0.21 20.41 0.05 4.58 0.43 0.48
0.85 1.04 0.41 1.37 0.13 0.19 18.72 0.04 3.83 0.39 0.45
0.95 0.96 0.62 1.22 0.13 0.15 15.81 0.04 412 0.42 0.43
1.05 0.92 0.68 1.92 0.21 0.14 15.01 0.03 3.25 0.56 0.61
1.15 0.88 0.76 2.35 0.27 0.15 16.57 0.04 5.02 0.59 0.56
1.25 0.88 0.98 1.49 0.17 0.12 14.17 0.03 3.74 0.52 0.52
1.35 0.90 0.69 0.88 0.10 0.11 12.72 0.04 4.19 0.41 0.36
1.45 0.88 0.67 1.23 0.14 0.10 11.55 0.03 3.63 0.52 0.48
1.55 0.86 0.81 1.34 0.16 0.17 19.52 0.04 4.45 0.42 0.46
1.65 0.87 0.82 1.20 0.14 0.12 13.61 0.03 3.87 0.48 0.46
1.75 0.82 0.89 0.73 0.09 0.12 15.08 0.03 3.60 0.35 0.37
1.85 0.82 0.13 1.40 0.17 0.11 12.98 0.04 4.29 0.54 0.49
1.95 0.81 0.89 1.68 0.21

2.05 0.81 0.89 1.24 0.15 0.12 14.99 0.04 4.93 0.48 0.43
2.15 0.83 0.95 1.54 0.18 0.11 13.35 0.04 472 0.56 0.48
2.25 0.83 0.67 1.16 0.14 0.09 11.34 0.03 3.95 0.53 0.46
2.35 0.78 1.08 1.69 0.22 0.14 18.56 0.04 5.61 0.51 0.48
245 0.77 0.91 1.04 0.14 0.09 11.09 0.02 3.19 0.52 0.50
2.55 0.81 0.92 1.82 0.22 0.09 10.81 0.03 3.76 0.65 0.59
2.65 0.83 1.07 1.05 0.13 0.10 12.00 0.03 3.05 0.49 0.50
2.75 0.79 0.88 1.49 0.19 0.08 10.58 0.03 3.66 0.62 0.55
2.85 0.80 0.97 2.04 0.25 0.10 13.05 0.03 3.82 0.64 0.62
2.95 0.80 1.03 2.21 0.28 0.13 15.92 0.04 4.45 0.61 0.60
3.05 0.85 0.95 2.04 0.24

3.15 0.87 0.86 1.90 0.22 0.13 15.03 0.03 3.95 0.57 0.57
3.25 0.84 1.36 1.63 0.19 0.20 23.56 0.05 5.80 0.43 0.45
3.35 0.88 1.16 1.23 0.14 0.16 18.74 0.03 2.86 0.40 0.54
3.45 0.88 1.22 0.91 0.10 0.14 15.89 0.04 4.99 0.37 0.33
3.55 0.84 1.58 1.40 0.17 0.14 16.82 0.03 3.77 0.47 0.51
3.65 0.85 1.39 0.40 0.05 0.15 17.16 0.04 4.77 0.20 0.19
3.75 0.86 1.35 1.17 0.14

3.85 0.90 0.96 1.50 0.17 0.20 22.17 0.06 6.45 0.40 0.38
3.95 0.78 1.04 0.87 0.11 0.00 0.00 0.00 0.00 1.00 1.00
4.05 0.80 1.1 1.49 0.19 0.00 0.00 0.00 0.00 1.00 1.00
4.15 0.79 1.35 1.34 0.17 0.14 17.15 0.00 0.00 0.47 1.00
4.25 0.86 1.13 1.47 0.17 0.14 16.26 0.04 4.81 0.49 0.46
4.35 0.85 1.46 1.09 0.13 0.18 20.81 0.05 5.77 0.36 0.35
4.45 0.77 1.60 1.1 0.14 0.16 20.38 0.07 8.84 0.39 0.28
4.55 0.82 1.62 1.72 0.21 0.15 18.37 0.04 4.66 0.51 0.52
4.65 0.79 1.66 0.19 23.94 0.06 7.12

4.75 0.80 1.56 1.35 0.17 0.18 21.95 0.04 5.08 0.41 0.44
4.95 0.86 2.09 0.00 0.00 0.22 25.50 0.06 6.46 0.00 0.00
5.05 0.82 1.56 0.16 19.19 0.04 5.03

5.15 0.81 2.00 0.24 0.03 0.19 23.92 0.07 8.15 0.10 0.08

5.25 0.79 2.32 0.80 0.10 0.18 22.18 0.05 6.59 0.29 0.27




Appendix B3: IP25 data of sediment core MSM5/5-723-2 (chapter 5)

Depth (m) IP25 (ng/g sed) IP25 (ug/g OC)
0.08 6.21 0.46
0.10 6.25 0.46
0.12 6.28 0.47
0.14 6.65 0.49
0.17 5.10 0.38
0.20 5.29 0.39
0.22 5.04 0.38
0.24 4.88 0.38
0.26 4.61 0.35
0.28 4.25 0.33
0.30 4.15 0.32
0.32 3.64 0.28
0.34 4.38 0.35
0.36 3.69 0.27
0.38 3.48 0.27
0.40 3.27 0.26
0.42 3.89 0.30
0.44 4.44 0.33
0.46 3.97 0.30
0.48 3.98 0.30
0.50 3.37 0.26
0.52 2.93 0.22
0.54 3.28 0.27
0.56 2.74 0.21
0.58 3.32 0.25
0.60 2.94 0.23
0.62 2.80 0.22
0.64 2.99 0.23
0.66 3.28 0.26
0.68 3.17 0.25
0.70 2.54 0.20
0.72 2.84 0.23
0.74 2.64 0.23
0.76 2.70 0.24
0.78 2.58 0.22
0.80 2.81 0.24
0.82 2.76 0.24
0.84 2.46 0.22
0.86 242 0.21
0.88 2.36 0.21
0.90 2.34 0.21
0.92 2.55 0.21
0.94 2.22 0.19
0.96 2.27 0.19
0.98 2.81 0.23
1.00 2.46 0.21
1.04 2.47 0.20
1.06 2.54 0.21
1.08 1.99 0.17
1.10 2.1 0.18
1.12 2.06 0.17
1.16 2.25 0.20
1.18 2.02 0.17
1.20 1.87 0.17
1.22 2.25 0.20
1.24 1.59 0.15
1.26 1.65 0.15
1.28 1.86 0.17
1.30 1.74 0.15

1.32 1.76 0.16



Appendix B3: IP25 data of sediment core MSM5/5-723-2 (chapter 5)

Depth (m) IP25 (ng/g sed) IP25 (ug/g OC)
1.34 1.90 0.17
1.36 1.66 0.15
1.38 1.58 0.15
1.40 1.58 0.15
1.42 1.75 0.16
1.44 1.63 0.16
1.46 1.33 0.13
1.48 1.48 0.13
1.50 1.41 0.13
1.52 1.25 0.12
1.54 1.1 0.10
1.56 1.66 0.14
1.58 1.26 0.11
1.60 0.82 0.07
1.62 1.51 0.13
1.66 1.21 0.11
1.68 1.50 0.13
1.70 1.74 0.15
1.72 1.31 0.11
1.74 1.62 0.14
1.78 1.42 0.14
1.80 0.99 0.09
1.82 1.35 0.13
1.84 0.99 0.09
1.86 1.21 0.12
1.88 1.06 0.10
1.90 0.92 0.08
1.92 1.30 0.12
1.94 1.34 0.13
1.96 1.13 0.11
1.98 1.1 0.11

2.00 0.92 0.09




Appendix B4: TOC and CaCO3 contents of Maria S. Merian sediment cores (chapter 5)

MSM5/5-712-2 Depth (m) TOC (wt.%) CaCO3 (wt.%)

MSMS5/5-723-2 Depth (m)

TOC (Wt.%)

CaCO03 (%)

0.10
0.1
0.12
0.13
0.14
0.15
0.16
0.17
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.70
0.71
0.72
0.73
0.74

1.23
1.25
1.27
1.28
1.27
1.25
1.25
1.20
1.17
1.14
1.14
1.07
1.00
1.02
1.01
1.02
1.03
1.07
1.09
1.10
1.12
1.13
1.09
1.05
0.99
1.00
1.00
1.02
1.03
1.08
1.05
1.06
1.07
1.05
1.01
1.02
0.97
0.97
1.04
1.03
0.98
1.04
1.04
1.01
0.98
1.04
1.02
0.95
1.00
1.00
1.10
0.99
1.01
1.01
1.06
1.09
1.05
1.07
1.10
1.08
1.07
1.04
1.07
1.04
1.02

14.78
13.83
13.78
14.05
14.29
14.21
14.35
15.31
15.36
15.46
15.58
16.08
15.59
14.94
14.06
14.07
14.46
14.60
14.89
14.63
14.69
14.79
15.12
15.21
15.45
15.56
15.68
16.03
15.57
14.85
1417
13.88
13.59
12.68
12.36
12.19
12.14
12.38
12.90
12.18
11.67
11.42
11.27
1.21
16.17
10.41
10.72
9.06

11.12
11.49
7.34

10.21
10.55
10.29
9.83

9.67

8.95

9.31

9.62

9.15

9.53

9.94

9.87

10.63
10.47

0.08
0.11
0.13
0.14
0.16
0.18
0.19
0.20
0.21
0.22
0.23
0.24
0.25
0.26
0.27
0.28
0.29
0.30
0.31
0.32
0.33
0.34
0.35
0.36
0.37
0.38
0.39
0.40
0.41
0.42
0.43
0.44
0.45
0.46
0.47
0.48
0.49
0.50
0.51
0.52
0.53
0.54
0.55
0.56
0.57
0.58
0.59
0.60
0.61
0.62
0.63
0.64
0.65
0.66
0.67
0.68
0.69
0.70
0.71
0.72
0.73
0.74
0.75
0.76
0.77

1.35
1.36
1.33
1.35
1.33
1.32
1.32
1.34
1.32
1.32
1.30
1.27
1.30
1.32
1.28
1.27
1.29
1.29
1.27
1.29
1.25
1.25
1.25
1.35
1.27
1.29
1.27
1.24
1.28
1.31
1.35
1.35
1.32
1.31
1.34
1.31
1.33
1.32
1.36
1.32
1.28
1.22
1.25
1.28
1.30
1.33
1.28
1.26
1.27
1.27
1.27
1.28
1.26
1.27
1.27
1.27
1.26
1.28
1.23
1.26
1.19
1.16
1.22
1.14
1.15

16.38
16.36
16.08
15.97
15.74
13.81
14.79
14.29
12.95
15.59
13.31
14.21
14.52
16.39
13.30
18.48
23.01
14.60
14.63
24.13
18.52
10.89
15.75
19.29
16.83
13.87
12.24
14.68
11.92
13.99
13.92
12.84
10.98
17.64
13.08
19.37
11.98
15.97
12.49
16.00
12.96
18.67
10.07
8.14
19.74
20.47
19.90
12.92
10.40
15.35
16.99
10.51
12.18
15.49
23.71
9.65
12.73
1212
12.27
12.34
12.89
13.42
12.19
13.87
12.79



Appendix B4: TOC and CaCO3 contents of Maria S. Merian sediment cores (chapter 5)

MSM5/5-712-2 Depth (m) TOC (wt.%)

CaCO3 (wt.%)

MSM5/5-723-2 Depth (m)

TOC (wt.%)

CaCo3 (%)

0.75
0.76
0.77
0.78
0.79
0.80
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89
0.90
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99
1.00
1.01
1.02
1.03
1.04
1.05
1.06
1.07
1.08
1.09

1

1

A A A A a A A

.10

1
12
13
14
15
16

A7
1.
19

18

1.20
1.21
1.22
1.23
1.24
1.25
1.26
1.27
1.28
1.29
1.30
1.31
1.32
1.33
1.34
1.35
1.36
1.37
1.38
1.39

1.06
1.08
1.04
1.01
0.98
0.98
0.97
0.98
0.99
0.97
0.98
0.93
0.93
0.95
0.94
0.94
0.96
0.93
0.96
0.98
0.94
0.91
0.89
0.88
0.87
0.92
0.98
0.98
0.98
0.97
0.96
0.92
0.96
0.97
0.97
0.97
0.98
1.02
1.04
0.99
0.97
0.99
1.03
1.02
1.02
1.03
1.04
1.01
1.05
1.07
1.00
0.99
0.98
0.98
0.99
1.06
0.96
0.96
0.97
0.96
0.98
1.1
0.92
0.96
1.04

10.28
10.07
9.19
9.09
9.30
8.91
8.10
8.89
9.10
8.82
8.58
8.04
8.92
9.50
9.11
9.52
10.03
9.23
8.62
9.29
8.76
8.39
8.66
9.86
9.76
10.65
10.43
9.81
9.96
10.36
9.74
10.25
10.45
10.04
9.30
10.02
9.52
9.63
10.89
10.28
9.50
11.09
10.65
10.38
10.40
10.42
10.67
9.95
10.02
10.11
10.08
10.25
10.36
9.87
10.59
9.54
10.11
10.55
11.24
10.79
10.41
10.46
12.57
11.90
11.69

0.78
0.79
0.80
0.81
0.82
0.83
0.84
0.85
0.86
0.87
0.88
0.89
0.90
0.91
0.92
0.93
0.94
0.95
0.96
0.97
0.98
0.99

1
1
1
1
1
1
1
1
1
1

- A A A A A a A

.00
.01
.02
.03
.04
.05
.06
.07
.08
.09
1.
A1
A2

10

13
14
15
16
17

18
1.

19

1.20
1.21
1.22
1.23
1.24
1.25
1.26

1
1
1
1
1
1
1
1
1
1
1
1
1

27
.28
.29
.30
.31
.32
.33
.34
.35
.36
.37
.38
.39

1.40
1.41
1.42

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

1.

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

A A A A A A A A A A

A7
19
19
15
15
A7
A3
18
.16
14
A1
.07
.10
14
22
15
A7
.15
18
.20
.20
.20
18
.20
18
.21
.23
.22
.20
.24
15
.21
17
18
18
19
16
14
15
A7
A7
1
A3
A1
A2
.10
.06
.09
A2
A3
12
14
.15
.08
.09
.10
.09
.07
.09
.10
.06
.04
.03
.03
.06

11.82
11.86
12.28
11.88
12.04
14.11
12.24
13.41
13.79
11.92
11.81
11.38
12.13
12.32
11.79
12.41
11.73
11.89
11.32
10.38
9.69
10.97
9.48
9.1
8.70
8.68
8.92
9.85
9.81
9.95
10.51
10.41
9.79
9.78
9.07
9.23
8.57
8.76
8.83
8.21
8.05
9.10
8.02
7.26
8.83
9.19
8.09
8.95
9.42
9.56
9.38
9.26
8.78
10.54
10.71
13.24
5.49
10.60
10.29
9.64
7.50
11.20
9.74
12.71
11.72



Appendix B4: TOC and CaCO3 contents of Maria S. Merian sediment cores (chapter 5)

MSM5/5-712-2 Depth (m) TOC (wt.%)

CaCO3 (wt.%)

MSM5/5-723-2 Depth (m)

TOC (wt.%)

CaCo3 (%)

1.40
1.41
142
1.43
1.44
145
1.46
1.47
1.48
1.49
1.50
1.51
1.52
1.53
1.54
1.55
1.56
1.57
1.58
1.59
1.60
1.61
1.62
1.63
1.64
1.65
1.66
1.67
1.68
1.69
1.70
1.71
1.72
1.73
1.74
1.75
1.76
1.77
1.78
1.79
1.80
1.81
1.82
1.83
1.84
1.85
1.86
1.87
1.88
1.89
1.90
1.91
1.92
1.93
1.94
1.95
1.96
1.97
1.98
1.99
2.00
2.01
2.02
2.03
2.04

0.89
1.05
0.86
0.90
1.06
0.99
0.90
0.92
0.95
0.94
0.93
0.91
0.89
0.90
0.92
0.90
0.89
0.92
0.89
0.88
0.88
0.89
0.90
0.92
0.90
0.88
0.86
0.85
0.87
0.86
0.91
0.97
0.90
0.89
0.88
0.89
0.87
0.87
0.88
0.87
0.86
0.90
0.89
0.89
0.87
0.81
0.83
0.84
0.85
0.88
0.88
0.88
0.88
0.92
0.94
0.98
1.03
0.99
0.97
0.99
1.00
1.00
1.01
1.02
1.05

12.64
11.74
13.91
13.61
11.49
12.46
11.91
12.17
13.13
14.45
14.51
13.80
15.18
16.16
15.67
15.26
14.49
15.54
16.21
14.92
13.83
13.59
11.69
12.01
12.30
12.50
12.26
11.65
12.21
11.83
11.99
12.60
12.99
12.18
12.07
11.96
11.80
12.12
10.90
11.24
11.65
11.14
11.54
11.07
11.24
10.20
10.06
10.54
11.58
12.26
12.83
12.47
13.14
12.69
11.96
12.27
12.37
12.49
11.78
11.67
11.53
10.25
10.31
9.69

9.68

1.43 1.05 12.46
1.44 1.04 12.65
1.45 1.09 10.02
1.46 1.06 11.89
1.47 1.07 10.95
1.48 1.09 1.21
1.49 1.10 10.99
1.50 1.06 11.19
1.51 1.07 10.84
1.52 1.05 11.32
1.53 1.08 11.14
1.54 1.14 10.39
1.55 1.17 12.58
1.56 1.17 11.37
1.57 1.18 11.69
1.58 1.15 12.18
1.59 1.12 12.58
1.60 1.14 10.64
1.61 1.14 11.06
1.62 1.15 10.68
1.63 1.21 10.49
1.64 1.13 10.25
1.65 1.1 9.28
1.66 1.1 8.41
1.67 1.17 8.74
1.68 1.18 9.15
1.69 1.18 9.48
1.70 1.19 9.98
1.71 1.18 11.34
1.72 1.17 10.16
1.73 1.10 8.82
1.74 1.15 8.74
1.75 1.16 8.70
1.78 1.1 9.21
1.79 1.05 8.61
1.80 1.06 9.25
1.81 1.07 10.18
1.82 1.05 9.88
1.83 1.07 9.33
1.84 1.07 9.45
1.85 1.06 9.97
1.86 1.05 9.27
1.87 1.05 10.61
1.88 1.03 9.95
1.89 1.08 9.40
1.90 1.1 9.91
1.91 1.12 9.55
1.92 1.14 10.55
1.93 1.14 9.38
1.94 1.18 9.31
1.95 1.10 10.65
1.96 1.08 11.62
1.97 1.07 11.75
1.98 1.04 11.70
1.99 1.04 12.02
2.00 1.02 11.90
2.05 1.05 9.89
2.07 1.01 10.66
2.09 1.02 10.40




Appendix C: IP25 data of sediment core PS2837-5 (chapter 6)

depth (m) 1P25 (pg/g sed) IP25 (ug/g TOC)
0.32 0.65 55.17
0.35 0.45 37.58
0.70 0.33 28.62
0.82 0.39 34.03
0.85 0.39 33.96
0.92 0.49 40.67
1.00 0.27 24.48
1.02 0.40 35.07
1.05 0.17 16.19
1.07 0.26 24.07
1.12 0.40 35.81
1.17 0.18 17.31
1.20 0.19 18.21
1.22 0.21 21.89
1.25 0.18 18.96
1.27 0.21 21.93
1.30 0.19 17.96
1.32 0.16 16.53
1.37 0.23 24.03
1.42 0.08 8.59
1.45 0.15 16.62
1.47 0.09 10.11
1.50 0.10 11.21
1.55 0.12 13.07
1.57 0.25 24.91
1.60 0.13 14.94
1.62 0.08 9.16
1.65 0.13 15.28
1.67 0.05 6.54
1.70 0.14 14.94
1.72 0.21 21.75
1.75 0.19 20.42
1.77 0.18 17.77
1.80 0.24 23.10
1.82 0.14 13.83
1.85 0.13 12.88
1.87 0.14 13.00
1.90 0.23 20.79
1.92 0.21 19.19
1.97 0.18 15.79
2.00 0.18 15.54
2.02 0.13 11.62
2.05 0.13 11.10
2.07 0.12 11.44
2.10 0.16 14.34
212 0.14 12.57
2.17 0.15 13.29
2.20 0.19 16.23
2.22 0.22 18.92
2.25 0.29 24.49
2.27 0.23 19.29
2.32 0.35 28.86
2.35 0.31 25.98
2.37 0.38 29.88
2.40 0.28 25.21
2.42 0.24 22.26
247 0.37 32.82
2.50 0.31 29.25
2.52 0.38 39.27
2.55 0.44 49.69
2.57 0.56 70.96
2.62 0.05 7.65

2.63 0.04 6.27



Appendix C: IP25 data of sediment core PS2837-5 (chapter 6)

depth (m) 1P25 (pg/g sed) IP25 (ug/g TOC)
2.65 0.04 6.04
2.67 0.23 29.25
2.70 0.37 43.58
2.72 0.29 35.66
2.75 0.32 35.46
277 0.39 43.04
2.80 0.35 37.80
2.82 0.40 44.01
2.87 0.43 44.25
2.92 0.38 37.92
3.00 0.38 40.62
3.02 0.38 42.30
3.05 0.22 27.64
3.07 0.35 40.75
3.10 0.28 30.75
3.12 0.24 26.09
3.15 0.19 19.42
3.17 0.28 27.44
3.20 0.26 23.64
3.25 0.29 23.33
3.28 0.38 28.01
3.32 0.41 29.86
3.35 0.42 29.73
3.40 0.45 31.83
3.42 0.43 31.55
3.47 0.00 0.26
3.50 0.00 0.29
3.55 0.00 0.29
3.60 0.00 0.35
3.62 0.21 24.57
3.65 0.16 18.69
3.70 0.25 29.30
3.72 0.24 26.16
3.77 0.22 24.53
3.80 0.22 26.20
3.83 0.15 26.46
3.87 0.03 10.65
3.94 0.00 0.00
3.98 0.00 0.00
4.00 0.00 0.00
4.02 0.04 4.98
4.03 0.04 4.94
4.05 0.10 10.79
4.08 0.72 55.12
4.10 0.86 61.48
4.12 1.15 85.34
4.14 0.65 63.36
4.15 0.19 49.11
417 0.06 18.83
4.20 0.05 16.51
4.22 0.00 0.00
4.25 0.00 0.00
4.27 0.00 0.00
4.30 0.98 195.44
4.35 0.00 0.00
4.37 0.00 0.00
4.42 0.07 12.45
4.45 0.26 39.86
4.47 0.10 17.45
4.51 0.44 61.77

4.53 0.47 66.94




