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Abstract

The Arctic Ocean is presently experiencing rapid changes in terms of sea ice extent. Palaeoceanographic
records of past ocean conditions and sea ice variability provides an important context to understanding
present and future developments in the Arctic Ocean. Global paleorecords based on stable isotope
analysis of foraminifera have already given us, in some cases, millions of years of paleoceanic and
paleoclimatic data, and modern sea ice proxies are still being developed. In this study relative
foraminiferal abundance counts are performed on dry sediment samples from a Polarstern core
PS92/045-2 at the Yermak Plateau, and a P/B ratio (planktonic-to-benthic ratio) is generated, which is
then compared to the signals of a modern biomarker based sea ice proxy (IP2s), in a reconstruction
previously done on nearby Polarstern core PS92/039-2 (Kremer et al. 2018). The P/B ratio, which is a
relatively easily obtainable metric, has previously been used to make inferences on sea ice conditions,
with low P/B ratios (below 1:1) interpreted as indicating less sea ice extent, and higher values indicating
more extensive sea ice cover. This study concludes that there are some general common patterns
between P/B ratio, absolute foraminiferal abundances and IP2s signals, but that the use of P/B ratio as a
sea ice proxy probably cannot reliably be embraced with this specific core and location at the Yermak
Plateau.

Keywords

Seafloor sediments
Foraminifera
Abundance counts
P/B ratio

Proxy comparison
Sea ice variability
Yermak Plateau
Arctic Ocean



Contents

B I 1 1 o o Yo [T ot o o o TP 1
Arctic sea ice, climate and foraminifera ..o 1
2 = T T ol 1« | 1 ] 2 T 2
2.1 RegioNal SEEEING ..uieiiiii s 2
2.2 Foraminifera in the Arctic OCEaN .. ..t e 3
2.3 Sea ice biomarker reconstructions at the Yermak Plateau............c.ccvevviviiennnnn. 4
2.4 Aim and research QUESTIONS ..oiiuiiiiii i e 4

I J 1 = o 5 o Y 4
3.1 Foraminiferal identification and categorization ... 4
07 o 15 o | 1 o T PSP 5
3.3 Data proCessing: D452 ...ttt it e e 6
3.4 Data proCessing: 030-2 .. .uiiiriiii i e 6
T 2 =T T 7
4.1 P/B ratio and absolute abundances in the depth domain (mbsf) ............cccooiii. 7
4.2 P/B ratio, absolute abundances, bulk density and IP2s versus age .................... 9
4.4 Additional qualitative findings (045-2) ...ciiiiiiiiiiiii e 10
LI 1 oL T T oY 3 11
6. CONCIUSION 1iuiueiiumramrsersa s ssassa s s sra s s srassassassassansanssnssansansansansansansansansnnsans 11
Acknowledgements ......c.ccuiiiiiiiminn i n i nn 12
2= =T =T 3 o= 13
Appendix A: 045-2 data ...ccevierrrerminmmmmianmsa s ssa s ns 1

Appendix B: 039-2 data ...ccciiiiiiiirii i s 5



1. Introduction

Arctic sea ice, climate and foraminifera

Arctic sea ice is a critical part of the Earth’s climate system. Presently, some variables that may be
influenced by Arctic sea ice include the global sea level (Jakobsson et al. 2016; Osborne et al. 2017),
the global energy balance by alteration of Earth’s surface albedo (Kashiwase et al. 2017), the ocean-
atmosphere heat and moisture exchange by insulation of the ocean surface (Zheng et al. 2019), the
conditions of arctic ecosystems and primary production by facilitating or limiting habitats (Arrigo and
van Dijken 2015; Cusset et al. 2019) and the thermohaline circulation (Rashid et al 2011). Some major
variables that in turn presently affect sea ice variability include orbital scale climactic forcing (Marzen
et al. 2016), the polar amplification feedback of a reduced surface albedo (Kashiwase et al. 2017) and
inflow of warmer Pacific and Atlantic Water (Ruediger Stein et al. 2017; Spielhagen et al. 2011).

Although the interplay of these and many more external and internal variables make arctic sea ice
variability a complex matter, there is an observable trend through the past four decades that shows a
shrinking sea ice cover (‘National Snow and Ice Data Center | n.d.). Because of the weight of the role
that arctic sea ice plays in Earth’s climate stability, this trend is being followed closely as some
researchers predict a seasonally ice-free arctic ocean as soon as mid-century, which is considered to be
an unmatched development over the last few thousand years (Polyak et al. 2010; Notz and Stroeve 2018).
Although observational data on sea ice in the Arctic only exists for the past few decades, several proxy
and multi-proxy records of past oceanographic conditions, climate and other useful information have
been constructed to, in some cases, cover the last several million years (Lisiecki and Raymo 2005).
Palaeoceanographic records provide an important historical context to better understand the present and
future developments in the Arctic.

A powerful source of this kind of information exists in microfossils of foraminifera derived from
marine sediment cores. Foraminifera are single-celled, shell-building eukaryotes that are present in both
the water column as planktonic foraminifers, and in the benthic zone as benthic foraminifers.
Foraminifers can build tests (shells) of different material available to them such as rock and mineral
grains (agglutinated tests), or by secretion of calcium carbonate. A common feature of foraminifer tests
are chambers, chambers are added as the foraminifer grows. When foraminifers die, their tests remain
and accumulate on the seafloor over time (\Wetmore 1996).

Oxygen stable isotope analysis of the calcareous tests of foraminifers, as well as studies of the
presence, relative abundances and assemblages of different foraminifera species in marine sediment
cores can be used to make inferences on plaeoceanic conditions such as water temperature, salinity and
the presence of sea ice (Wetmore 1996; Cronin et al. 2008; Lagoe 1977). For example, in a massive
effort, Lisiecki and Raymo (2005) created a global paleorecord based on benthic foraminiferal 20 as
a water temperature and global sea ice volume proxy thereby identifying 24 marine isotope stages (MIS).
Marine isotope stages represent glacial (even numbered) and interglacial stages (odd numbered) in
geologic time, and provides the principal globally correlative chemo-chronostratigraphic method for
dating paleorecords (Lisiecki and Raymo 2005).

In this project, foraminiferal abundance data is generated from a sediment core drilled on the Yermak
Plateau, Arctic Ocean, and this data is subsequently compared to data from a more technical biomarker-
based sea ice reconstruction on a nearby sediment core by Kremer et al. (2018). The goal is to compare
the two methods, and specifically to see whether the ratio between planktonic and benthic foraminiferal
abundances can be used to infer what kind of sea ice conditions the Yermak Plateau has experienced
during the last 160 ka.



2. Background

2.1 Regional setting

The Yermak Plateau protrudes from the northwest corner of the Svalbard continental margin. It covers
a latitudinal range of about 80°00° - 83°00° N and is nearly centered on the prime meridian (Geissler et
al. 2011). It is located in the Eurasian Basin directly north of the Fram Strait which interfaces the Arctic
Ocean and the Greenland and Norwegian seas to the south. The Fram Strait is also the only deep water
connection between the Arctic Ocean and the rest of the world’s oceans (Klenke and Schenke 2002).
The bathymetry of the Yermak Plateau influences the West Spitsbergen Current (WSC) that brings
warmer saline Atlantic Water (AW) into the Arctic Ocean. As the WSC enters the Arctic Ocean, it splits
into three different branches, one that goes westward into the Return Atlantic Current, and two branches
that are divided by the Yermak Plateau and flows on either side of it into the Arctic Ocean (Nilsen et al.
2016). West of the WSC the East Greenland Current exports cold and low-salinity Arctic Ocean water
masses as well as Arctic sea ice out into the Greenland Sea and the North Atlantic (Martin and Wadhams
1999). The Svalbard Barents Sea Ice Sheet (SBIS) has historically, during glaciations, extended toward
the Svalbard continental shelf (Ing6lfsson and Landvik 2013). An illustration of the regional geography,
bathymetry can be seen in Figure 1 below. The two sediment cores investigated in this study are
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Figure 1: The regional setting of the Yermak Plateau, including bathymetry and the core sites with water depth (m).
Note: The core sites are not georeferenced to the basemap, locations are approximate. Basemap: IBCAO (Jakohsson

et al. 2012).



PS92/045-2 and PS92/039-2 (henceforth referred to as 045-2 and 039-2 respectively) cored during the
2015 expedition PS92 of R/V Polarstern (Peeken 2016). Some additional information about these cores
can be found in Table 1 below.

Table 1. Information on the sediment cores referenced in this study (Pecken 2016).

Core Core method Lat Long Water depth (m)
PS92/045-2 Gravity core | 81°5360° N 9°46 13’ E 915
PS92/039-2 Kasten core | 81°56 99’ N 13° 49 70’E 1464

2.2 Foraminifera in the Arctic Ocean

Compared to lower latitude and equatorial waters the foraminiferal diversity in the polar regions is very
low. A single species, Neogloboquadrina pachyderma sin., dominates most of the planktonic
communities in the Arctic Ocean. In surface sediments at the eastern end of the Fram Strait the
planktonic assemblage can include small percentages of the sub-polar species Turborotalita
quingueloba and the dextral coiling N. pachyderma dex. This is thought to be because of the proximity
to warmer Atlantic Water (WSC) and seasonally ice-free conditions. T. quinqueloba are rare or absent
in surface sediments in the >125 um fraction due to their thin tests being more vulnerable to carbonate
dissolution. Although presence of N. pachyderma typically decreases during glacial stages, especially
in the western Arctic, it can in the Eurasian Basin show increased abundances in glacial intervals, which
again is attributed to presence of warmer Atlantic Water, but also to the formation of polynyas which
can create large areas of open ocean conditions (Stein 2008).

The benthic component of arctic foraminifera is much more diverse than the planktonic. A couple of
recognized influences on the distribution of benthic foraminifera in the Arctic Ocean include surface-
water productivity and sea ice conditions (Stein 2008). Lagoe (1977) and Husum (2015) are two notable
contributions to the study of modern benthic foraminifers in the Arctic (Lagoe 1977; Husum et al. 2015).
Two different types of benthic foraminifera are considered in this study, agglutinated and calcareous
benthic foraminifera. The key difference between these two categories is that the former build their tests
by secreting calcium carbonate, while the latter build their tests by cementing mineral grains or other
particles together (\Wetmore 1996) While keeping fossil preservation dynamics in mind, including
carbonate dissolution, it has been suggested that agglutinated benthic foraminifera dominate during
seasonally ice-free conditions (Cronin et al. 2008).

While ostracodes are not members of the Foraminifera subphylum, but forms their own class in the
Crustacean subphylum, they can also form calcareous shells that tend to be fossilized and therefore also
serves as a potential paleorecord based on their species distribution and assemblages (Cronin et al.
2008).

Because of the diversity and equally diverse ecological preferences of foraminiferal species, their
distribution, assemblages, presence and abundances in marine sediment cores can be used to infer past
oceanic conditions (Lagoe 1977; Polyak et al. 2013; Husum et al. 2015; Chauhan et al. 2014). The
relationship between planktonic and benthic foraminiferal abundances (P/B-ratio) has previously been
subject to study in the Arctic Ocean, where its usefulness in determining water depth (proximity to
continental shelf), food supply, carbonate dissolution and surface productivity have been considered
(Berger and Diester-Haass 1988; Scott and Vilks 1991; Schell et al. 2008; Polyak et al. 2013). Polyak
et al. (2013) in a study on sediment cores from the Northwind Ridge (Figure 1) associates a low P/B
ratio (meaning more benthic than planktonic foraminifers) to seasonally ice free conditions and a high
P/B ratio (meaning more planktonic than benthicc foraminifera) to perennial sea ice cover, in two
distinct foraminiferal assemblage zones respectively, and additionally brings up the fact that the unique
adaptability to sea ice cover of the planktonic N. pachyderma may enforce the high P/B ratio connection
to perennial sea ice (Polyak et al. 2013). One reason that the P/B ratio may be used as a sea ice indicator
in the Arctic, is that this ratio is influenced by food supply to the seafloor, which in turn is affected by
surface productivity (Berger and Diester-Haass 1988). For the purpose of this study, the interpretation
of this is that extensive perennial sea ice may limit surface productivity, meaning the benthic community
may have a reduced food supply and therefore reduced foraminiferal abundances, while simultaneously



allowing the planktonic species N. pachyderma to thrive. Vice versa, during open surface conditions,
benthic foraminifera may grow larger communities while abundances of the planktonic N. pachyderma
are lowered due to unfavorable oceanic conditions and/or increased competition in the water column
(Marzen et al. 2016).

2.3 Sea ice biomarker reconstructions at the Yermak Plateau

Kremer et al. (2018) has in recent years produced reconstructions of sea ice variability at the Yermak
Plateau (core site 039-2) using modern sea ice proxy biomarkers including IPs, in combination with
phytoplankton biomarkers (PIP2s) and tri-unsaturated lipids (HB 111). These are biochemical molecules
associated with sea ice living diatoms, and so increase in their concentrations proximate sea ice
conditions. They conclude that in the last 160 ka a general pattern of sea ice cover during glacial stages
and less sea ice during interglacial stages cannot be applied to this area (039-2) at the Yermak Plateau.
Their findings show a bit more complex variability, and they state the following interpretations based
on their biomarker data:

e The eastern Yermak Plateau had periodical marginal sea ice conditions during glacial intervals,
with formation of polynyas north of Svalbard and sea ice margins occurring nearby the site of
039-2.

e A highly dynamic MIS 6 with waxing and waning of the Svalbard Barents Sea Ice Sheet (SBIS)
possibly temporarily covering the Yermak Plateau.

e Extensive but variable sea ice cover at the Yermak Plateau during interglacial stages.

Maxima of biomarker fluxes occurs during deglaciation stages.

o Differences in sea ice variability between the western and eastern Yermak Plateau during the
last 30 ka (MIS 2 & MIS 1) highlights regional influences like ice sheet extent and Atlantic
Water inflow (Kremer et al. 2018).

2.4 Aim and research questions

The overall aim of this project is to compare mainly the P/B ratios, the relative abundances of a few
foraminiferal categories (i.e. planktonic, calcareous benthic and agglutinated benthic foraminifera) and
to lesser extent sediment bulk density data, to the biomarker-based sea ice reconstruction of core 039-2.
Specifically, the main research question of this study is the following:

e Will the potentially high P/B ratios (meaning more planktonic than benthic foraminifera)
generated from relative abundance counts on core 045-2 correlate in time with the expected sea
ice cover expansions or perennial ice (high IP2s) cover during the last 160 ka as suggested by
Kremer et al., and vice versa if low P/B values (meaning more benthic than planktonic
foraminifera) correlate in time with less extensive sea, or seasonally ice free, ice cover (low
IP2s) (Kremer et al. 2018).

3. Method

3.1 Foraminiferal identification and categorization

The size fraction of foraminifera plays an important role when estimating the relative abundances in a
sample, and a balance between ease of identification and reaching a representative count had to be
reached. Counting the >63 um fraction is especially important in the polar regions, where foraminifera
grow small, but the >125 um fraction made identification faster and easier and is a good size fraction to
compare with many other studies (Polyak et al. 2013) and was therefore decided to be the size fraction
this study would focus on. As mentioned, the taxonomic identification was simplified to involve a few
general categories: 1. Planktonic foraminifera N. pachyderma and T. quinqueloba; 2. calcareous benthic
foraminifera; 3. agglutinated benthic foraminifera; and 4. ostracodes.



When identification on species level in the more diverse benthic group was possible, significant
exceptions to the usual species found in the core would be noted. The different categories were
distinguished mostly by the textural qualities of the foraminiferal tests. Across all categories, even
fragments would be counted as a single individual, as it was not possible to know to which individual

Figure 2: A basic “identification scheme” of examples of the different categories: a. Planktonic foraminifera
(N. pachyderma), T. quinqueloba looks somewhat similar, but differs in texture and generally are smaller;
b. One example of a calcareous benthic foraminifera, recognizable by their different and more diverse
morphology versus planktonics, and by their smoother texture and transluscent tests; c¢. An example of an
agglutinated benthic foraminifera, recognizable by their texture of cemented grains;, d. Ostracoda,
recognizable by their thick non-chambered calcareous shells. Photos: Anton Almgren.

the fragment belonged to or if it did not belong to a different individual at all and indeed constituted its
own individual, and so on. In Figure 2 below is a diagram of examples from the different categories.

3.2 Counting

In the sample set of core 045-2 there were 120 vials of pre-prepared dried sediment, each representing
2 cm along the depth of the core, in 2 cm intervals, over 6 sections and approximately 5,25 meters of
core. The sediment samples were prepared previous to this project by wet sieving over a >63 um mesh
sieve and then drying them.

One at the time, each sample was manually sieved through 125 pum aperture Retsch mesh sieves to
remove the smaller fraction. The >125 pum fraction was then put on a gridded picking tray for counting.
Identification was done through a Zeiss Stemi 2000 reflective light stereo microscope, and counting was
done on the Android app Thing Counter (© 2012-2015, Kai Langenbach). In order for a relative
abundance count in a sample to be termed statistically significant and quantitative the total count had to
be at least 300 individuals (Lagoe 1977). A total count had to include all the material put onto the tray,
doing this accounted for density-gravity sorting when the sieved material was transferred to the tray (i.e.
denser material rolls out onto the picking tray first, potentially making the first 300 counts non-
representative depending on how the material was spread out). Therefore, time consuming samples with
an impractically large amount of material much greater than 300 counts, had to be split. Samples deemed
too rich in foraminifera were split in half in an ASC Scientific MS-1 Microsplitter as many times as
required to make the material manageable while still allowing for at least 300 counts. The number of
half splits was documented on a spreadsheet to allow for upscaling to obtain total foraminiferal
abundance numbers.

To avoid unwittingly counting the same material on the picking tray grid borders multiple times the
convention conceptualized in Figure 3 below was devised:

HER -

. . . Middle rows
EEN -

Figure 3: A convention was set up to avoid counting anything on the picking tray grid borders

repeatedly. Grid borders are gold and grid surfaces are black. Illustration: Anton Almgren.



After a sample count was preformed all material was put back into the sample vial. The sieves, splitter
and picking tray were manually decontaminated after each sample using compressed air and brushes to
remove any remaining or stuck material. The sieves were cleaned using ultrasound in an ElIma Elmasonic
S 50 R when necessary. The core sample set had eight unavailable sample vials which could not be
included in the data. In a number of samples, a number of N. pachyderma had been picked and removed
from the sample vial for other projects, a decision was made to not include these due to lacking
information about exactly how many had been picked and in which size fraction they were, instead this
information is included as qualitative information. Furthermore, a number of T. quinqueloba at the top
of the core were counted but were later suggested to be contamination (personal communication with
supervisor Helen Coxall).

3.3 Data processing: 045-2

The counts, splitting information, estimated sample preservation quality and other notable findings were
organized into a spreadsheet with already available data on sample net dry weight [g], core depth below
seafloor (meters below seafloor) and core section information. Because a lot of samples were barren or
had a foraminifer count of lower than 300, they were termed non-quantitative, while those with more
than 300 were termed quantitative. Later, to bridge the gap between quantitative and non-quantitative
counts, those samples with more than 100 counts were highlighted as “semi-quantitative”. Core log data
available at Stockholm University and a median age [ka] based on an age model from Gabriel West
(West et al. 2019) was attached to each corresponding sample along the depth of the core (Appendix A).

The core log data consisted of sediment bulk density measurements along the core (provided by
supervisor Matt O’Regan), this was added to the foraminiferal data in order to have a physical sediment
property represented in the results. Since bulk density is a proxy for grain size, it will increase during
glacial stages when sediment fluxes include larger grain sizes (personal communication with Matt
O’Regan) and therefore it can be used as another discussion point when evaluating the results.

In a first step, the raw >125 um foraminifera abundance data were consolidated into fewer more
manageable taxonomic categories and adjusted for the half-splits where necessary. In a second step the
>125 um abundances were standardized per 1 gram of net dry sample weight (of the total material). A
planktonic-to-benthic-ratio (P/B-ratio) for the entire core was acquired from the adjusted and
standardized data with the following calculation in Equation 1:

no. planktonic taxa

P/B = ; ; (Equation 1)
no. benthic taxa (agglutinated and calcareous)

All data available or generated for core 045-2 can be found in Appendix A.

3.4 Data processing: 039-2

For the sake of consistency, the age model used by (Kremer et al. 2018) in their PS92/039-2 study, was
replaced with the 039-2 age model by Gabriel West (West et al. 2019). To further simplify it was decided
to only use IP,s to represent the biomarker method. Specifically, IP2s / Sediment [g/cc] was plotted
against age, and was decided to be representative, at least temporally of both 1P, measurements. The
biomarker data was made available through the supplementary data link in Appendix A of Kremer et al.
(2018). The data used in this study, along with the age model data can be found in Appendix B.
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4. Results

4.1 P/B ratio and absolute abundances in the depth domain (mbsf)
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Figure 4: Abundance data versus depth in core (meters below seafloor): a. P/B ratio from all raw data with
quantitative samples in dark blue, "semi-quantitative” (>100 counts) in green, non-quantitative samples in light
blue and sediment bulk density (provided by supervisor Matt O’'Regan) in red; b. P/B ratio on a logarithmic scale
with 0-values removed (cannot be plotted on log scale) and the same colour scheme as above; c. Four graphs

plotting absolute abundances per 1 g for all the categories.
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The values in Figure 4 refers to P/B ratios and absolute abundances in core 045-2 only, plotted against
mbsf depth (m). In Figure 4a the P/B ratio values (here plotted on a linear scale) cover the length of the
core from about 0 mbsf to about 5,25 mbsf. Most values seem to be close to zero and non-quantitative
(light blue). Large spikes occur throughout the length of the core, and the highest P/B ratio peaks occur
in roughly the same interval (3,5 to 4,75 mbsf) as the bulk density peaks (>1,7 g/cc) here indicated by
the red line.

In Figure 4b the P/B ratio (here plotted on a logarithmic scale) values that are 0 are not displayed as
they cannot be defined, and therefore some values drop out. Especially after about 4,75 mbfs there are
no defined values. However, all quantitative (dark blue) and “semi-quantitative” values (green) are
preserved when moved onto the log scale. There are only three P/B ratio values dipping below 1 (1:1).
These dips occur once close to the sea floor, once at 1,0 mbsf, and lastly again at 2,75 mbsf. Between
1,0 and 2,0 mbsf there is a cluster of quantitative P/B ratio values that seem to hover around a 5:1 ratio.

In Figure 4c the absolute abundances of foraminiferal counts are shown in relative to each other. In
general, the absolute abundance fluxes seem to diminish downcore. It is obvious here again that most
samples are non-quantitative or close to barren of foraminiferal material. The spikes in the different
categories seem to move roughly synchronous along the depth of the core. One exception is the peak of
agglutinated benthic foraminifera near the top of the core (0 to 0,25 mbsf) that is not mirrored in the
other categories. Overall, planktonic foraminifera seem to show the highest absolute abundances often
peaking close or above 1000 individuals per 1 g dry weight sediment, while calcareous benthic
foraminifera generally fall below 500 individuals and only peaks 1000 individuals at about 1,25 mbsf.
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isotope stages (MIS 1 to MIS 7). The first thing to notice is that the age model for core 039-2
comprises a shorter timeframe of the Quaternary, only down to about 175 ka BP, while the age model
for core 045-2 reaches down to about 227 ka BP. In Figure 5a the absolute abundances of all
categories except ostracodes are here presented versus age [ka].

Figure 5b, 5c, and 5d presents a comparison between P/B ratios and bulk density aligned in time
with the IP,s biomarker data from core 039-2 and a basic illustration of the most recent 7 marine
isotope stages. A lot of variability is visible over time with the IP2s biomarker, but most higher peaks
seem to align with glacial stages MIS 6 and MIS 2 to 4. A large biomarker flux is also noticeable at
MIS 1. MIS 5 show only a few subdued fluxes. There is generally no direct alignment between 1P2s
peaks and P/B ratio peaks, only at about 75 ka BP does a biomarker spike correlate in time with a P/B
spike. However, some general patterns common between IP,sand P/B ratios are observable. MIS 6
show large variations and a generally diminished signal toward the end of MIS 6 for both metrics. In
MIS 5 the signals are mostly absent but shows roughly three coincidental or near coincidental spikes
sporadically throughout the stage. P/B ratio data for MIS 2-4 is clustered around the latter half of MIS
3 which has a corresponding IP2s signal. A final, subdued P/B ratio cluster in MIS 1 corresponds to a
very high peak in IP2s.

4.4 Additional qualitative findings (045-2)

2 - . N ot 85 A, v -
Figure 6: Additional findings from core 045-2: a. Possibly a Bulimina sp. found at about 2,8 mbsf (~75
ka), as well as at about 1,13 mbsf (28 ka); b. A pristine fossil of possibly a Quinqueloculina sp. Found at
about 1,56 mbsf (~39 ka),; c. Examples of relict burrow structures the were found throughout the core,
especially through a sequence between 1,88 to 2,32 mbsf (47 to 59 ka); d. More burrow structure relicts
in a light and a dark phase. Photos: Anton Almgren.

Figure 6 shows examples of notable findings from core 045-2. Although these species and findings
cannot be exactly and accurately identified that may be of interest in relation to the other results.
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5. Discussion

Focusing on the result of quantitative data presented in figure 5, the hypothesis that a high P/B ratio
(higher proportion of planktonic taxa) could indicate perennial sea ice conditions is supported by the
results in the sense that most of the high P/B peaks seem to occur during marine isotope stages MIS 6
and MIS 2-4 which are considered to be largely glacial stages, and two out of three P/B ratio values
below 1 occur during MIS 1 and MIS 5, which are considered to be largely interglacial stages, while
one of the three P/B <1 values occur counter-hypothetically in the early half of MIS 2, a glacial stage.
The sediment bulk density seems to mostly support the pattern of the P/B ratio and therefore further
supporting the idea of higher P/B ratios during glacial stages. The spike in agglutinated benthic
foraminifera absolute abundance in MIS 1 to present, and the contemporaneous lack of calcareous
benthic foraminifera is a common feature in some regions of the modern Arctic Ocean, and since
agglutinated benthic foraminifera may indicate seasonally ice free conditions (Cronin et al. 2008) this
aligns well with the trends of MIS 1.

Putting the P/B ratios in relation to the interpretations by Kremer et al. of their biomarker data from
core 039-2 (Kremer et al. 2018) makes it possible to support a couple of their conclusions about sea ice
cover at the Yermak Plateau. First, the extremely variable P/B ratios during the glacial MIS 6 (Figure
5b) could perhaps support their interpretation of a highly dynamic MIS 6 with waxing and waning of
the SBIS ice sheet and possible sea ice coverage of the Yermak Plateau, as the P/B highs correlate
somewhat closely in time with IP2s highs, which are interpreted as an increase in sea ice living diatoms,
and therefore sea ice. Secondly, extensive but variable sea ice during interglacial stages is a pattern that
can be seen in the P/B ratios during the MIS 5 interglacial, especially toward late MIS 5 where a P/B
spike correlates very close in time, around 70 to 80 ka BP, with a spike in increased 1P25 flux.

The most continuous sequence of quantitative P/B ratio data occurs in the latter half of MIS 3 (~45
to 25 ka BP), which aligns pretty well with the fact that Kremer et al. associates the latter half of MIS 3
with severe sea ice above the Yermak Plateau, and proximity to a highly productive marginal ice zone.
Itis also along this sequence that there is a notable presence of different morphotypes of N. pachyderma,
possibly N. pachyderma dex. and N. pachyderma incompta. There is also a spotting of a possible
Quinqueloculina sp. and Bulimina sp. in this late mostly glacial MIS 3 sequence (Figure 6a and 6b for
photo reference and Appendix A for data points) since these are not really found anywhere else in the
core, their presence could be a clue to potentially special conditions during the mostly glacial MIS 3.
Prior to this sequence, in the early half of MIS 3 there is a continuous presence of burrow structures
between about 59 to 47 ka BP. These structures are spread out sporadically throughout the core and are
mostly associated with sections barren of foraminifera. They occur as either dark or yellow phase tubes,
flakes and smaller fragments. These burrow structures are interpreted as increased benthic activity, and
therefore increased food supply to the seafloor, but their association with foraminifera is unclear, but
this probably means that extreme carbonate dissolution has occurred, erasing almost all calcareous
fossils (Figure 6¢ and 6d for photo reference and Appendix A for data points).

There is indeed more information to be gathered in this core than rough relative foraminiferal
abundances and P/B ratios. A more thorough taxonomic abundance count of core 045-2 could potentially
give more detailed and varied information about the past sea ice conditions above the Yermak Plateau.
At the very least, the conclusion made by Kremer et al. that the history of sea ice extent at the Yermak
Plateau is not straightforward can be observed in the P/B ratios.

Because of some major insecurities in the method, including unaccountability of potential selective
dissolution and fragmentation of foraminifera, omission of the >63 pm size fraction, unaccountability
of planktonic foraminifers picked and removed from the sample set, as well as the low amount of
quantitative counts and fully quantitative data points this study cannot confidently neither support nor
discard the P/B ratio as a useful tool in determining past sea ice conditions in the Arctic.

6. Conclusion

In conclusion, while the foraminiferal P/B ratio in marine sediments is widely regarded and used as a
relatively easily obtainable metric associated with sea ice conditions, when taking several uncertainties
associated with method and execution this study cannot confidently say that high P/B ratios correlate
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in time with glacial stages, and low P/B ratios with interglacial stages/seasonally ice free conditions.
Although some general common patterns can be observed between the P/B ratio and biomarker data,
which means this metric also cannot be discarded. Before fully embracing P/B ratio as a kind of sea
ice proxy for the Yermak Plateau, a statistically significant correlation between the ratios and other sea
ice proxies should be reached. Furthermore, core 045-2 holds a lot more information than this study is
able present, abundance counts on the taxonomic level could probably reveal more information about
the past sea ice extent above the Yermak Plateau.
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6i15,4 good o 8 10 4,34 161,00 1,6579; 233 51 0| 109 1 o-

6i12,4 poor 0 12 14! 438 1641 1,6005: 75| 147 o 118 1 o-

6i12,9 poor 2 ! 16! 18 442 1671 16129 19 21 o 8 o o a8

6 12,0 UNAVAILABLE 200 22 445 1703 15158 UNAVAILABLE

6i11,7 good 2 i 24 261 as 1735 15262 297 78 o 58 1 o- ¥ (21)

6i12,0 good 2 i 28 30! 4,54 1767 1,6134 8 2 o o 7 o| 17

6i11,2  wvery good 4 i 32. 34 458 1803 1,6279 323 48 o 18 o o ¥ (17)

6:15,2 barren 4 36: 38! 4,62: 1843 1,583 0 0 o 0 0 0 0

6:16,2 barren 5 40: 42 4,66: 191,0! 1,7149 0 0 o 0 0 0 0

6:10,7 moderate 0 44: 46 47: 200,8! 1,8001: 262 53 0| 143 0 0- dissolution
6:10,7; moderate-good | 2 ! 48] 50! 4,74 2041} 1,5502. 453 114 o a3 o o-vtal]

6:10,4 barren 0 52: 54! 4,78 207,2! 15553 1 0 o 0 0 0 1

6 41 barren 0 S56. 58! 482 2104 1,55 o o o o o o o

6:i11,9 barren 0 60: 62! 4,86 212,6! 1,6066 2 1 o 0 0 0 3

6: 9.3 barren 0 64: 66 49: 2141 1,5468 0 0 o 0 0 0 0

6:i11,2 barren 0 68: 70! 494: 2157! 1,5399 0 0 o 0 0 0 0

6i11,4 barren 0 72: 74! 498 217,2! 15531 0 0 o 0 0 0 0 burrows
6i11,4 barren 0 76: 78! 502: 2187! 15862 0 0 o 0 0 0 0 burrows
6i12,5 barren (] 80: 82! 5,06: 220,2! 1,6086 0 0 (o] 0 0 0 0

6: 5,6 barren o 84: BG6 51: 2217 1,616 o o o o o o o

6:10.4 barren o 88: 90: 5,14 223,1: 15977 o o o o o o o

6:10,9 barren o 92: 94 5,18: 224,6: 1,5712 o o o o o o o

6:11,9 barren o 96: 98! 5,22: 226,1 1,58 o o o 0 0 0 0




PS92/045-2

(>125 pm)
)
_ ]
= 3 =
E E 8 E3 - £
_E = =B o s = S
g = &8 § £ 5
o B = R = 8 3
L ¢ & R £
<228 §F 8| § § &£
55848 & C| % 5§ %
§8s s 2 3 & 3§ B
1 73 2 003 30 668 56 496
1 86 2 005 34 1092 136 332
1 75 0 007 38 149 43 148
1. 85 0 011 46 51 15 144
183 0! 015 53 3 2 144
1 87 0 019 61 1 1] 63
178 0 023 68 1] 1] 72
178 0 027 76 1] 1] 26
1 78 0 031 83 3 2 1
180 0! 035 91 13 20 1
180 0 039 99 3 0 34
2052 0! 045 110 6 1 7
2. 83 0 049 118 1 1] 23
2. 800 0 053 125 17 5 7
2. 74 0 057 133 27 4 2
2. 75 0 061 140 0 0 23
2. 87 0 065 148 0 0 32
2. 83 0 069 156 2 0 16
207601 073 166 0 0 20
298 2 077 178 1] 1] 28
21103 2 | 081 189 1] 1] 48
287 1 085 200 1] 1] 10
2 98 1 089 212 1] 1] 54
21114 1 093 223 0 2 30
2,73 2 097 234 0 0 32
2. 96 0} 1,010 246 . 19 238 0
2 90 105 357 1.5023_UNAVAILAELE
2120 0 | 1,09 268 C10:2 26 30
21108 1 | 1,13 280 18 18 16
2i 85 3 1,17 291 4400 712 48
2. 55 4 121 302 6624 2848 0
3102, 6 | 1,24, 310 28224 10560 0
3: 96 6 1,28 321 28224 5696 1]
393 5 132 331 11264 2432 0
3 87 6 136 341 19520 4800 [i]
3 99 14 351 1.483?_UNAVAILABLE
3 97 2 144 351 15157 1820 448 0
399 1 148 372 1,478 2 2 24
3101 2 | 1,52 382 15425 36 0 180
391 5 1,56 392 16206 13504 2944 160
3115 16 402 1.5315_UNAVAILAELE
398 6 164 413 15969 25856 4160 0
3. 99 5 i 168 423 15183 12224 2144
3103 5 1,72 433] 15148 18560 3328 32
3 89 1,76 443 15177 UNAVAILABLE

Ostracodes

(== = B = N = I = I = I = I = I = I = I = N = I = I = I = I = I = I = I = I = T = B el I~

00090 QQ Qo

(==

32

=]

Abundances adjusted for half splits

G R
2 N Total count

[
= B
Sy

149

72
26

37
37
14
24
29
33
23
32
13
20

BEB&ESR

32
347

158
82
5160

38784
33920
13696
24320

2268
28
216
16640

30016
14368
21920

PROCESSED DATA OUTPUTS
Adjusted abundances per1g

2 Planktonic (V. pachyderma )

]
54

00 Q0 Q0 Q0 Q0 Q0 Q0 QQRNRFEONGOOQOO

=
=

462
1197
2763
2942
1211
2011

188

1439

2626
1240
1797

(>125 pm)

Fococoooocooocorrooomooooomabh o Calareousbenthics
OB WU R WWNDE WD B WHERED O wo D0 E % g Agglutinated benthics

2 3
2 4
75 5
514 0
1034 0
594 0
262 0
454 0
46 0
0 2
0 18
325 18
422 0
217
322 3

Ostracodes

[= T == = T = T = T o= Y e Y o Y = O = Y = = T = = s Y = = R = = = [ = [ = Y = T = i = ]

[= T = = T == Y == R = Y = o=

o o o

[=T=1

9 Total count

=

181

=i

B R B T I L - B T I T S TR, B & By Sy SN B |

1834

3048
1457
2122

P/B ratios
e
p [
E 3
z E
s E
s 8
£
90,9 75,1
127,0 544
13,9 25,5
6,0 18,8
04 17,7
0,1 7,3
0,0 9,2
0,0 2,3
04 04
1,6 3,0
04 4,2
1,2 1,5
0,1 2,8
2,1 1,5
3,6 0,8
0,0 3,1
0,0 3,7
0,2 19
0,0 2,6
0,0 29
0,0 4,7
0,0 4,1
0,0 54
0,0 2,8
0,0 4.4
11,3 24,7
UNAVAILABLE
8,5 4,7
1,7 59
461,7 9,7
1196,5 514,5
2763,3 10339
2942,1 593,8
1211,2 2615
2010,9 494,55
UNAVAILABLE
187,6 45,2
0,2 2,6
3,6 17,8
1488,5 342,2
UNAVAILABLE
2625,5 4224
1239,5 2174
1796,9  325,3
UNAVAILABLE

0,75
0,04
1,42
4,50
0,00
0,00
0,13
0,00
0,00
0,00
0,00
0,00
0,00
0,00
0,46

1,82
0,28
5,79
2,33
2,67
4,96
4,63
4,07

4,06
0,08
0,20
4,35

6,22
5,70
5,52

Quantitative P/B-ratio

e L
wopa
W=

0,78

0,46

5,79
2,33
2,67
4,96
4,63
4,07

4,06

4,35

6,22
5,70
5,52



370 4 1,8 453
386 0 184 454
3 85 0 188 474
390 0 192 484
3 91 0 197 497
3 88 0 2. 505
3 50 0 204 515
390 0 208 525
3 82 0 212 535
392 0 216 545
3122 0 22 556
4116 0 : 224 566
4102 0 : 228 57,6
4. 92 0 232 587
4107 0 24 613
4111 0 244 625
4. 96 0 248 637
4103 0 . 252 650
4102 0 . 256 66,2
4 99 0 26 675
4 87 0 264 687
482 0 272 713
4113 1 276 72,7
4108 3 28 747
4126 6 284 767
490 1 288 786
4 98 0 292 806
4 95 0 296 826
4104 0 3. 84,6
41106 O | 3,04 866
a4 93 3,08 88,6
4116 312 90,6
4 94 0 316 926
41110 0 32 946
5112 0 326 975
5104 0 33 995
5 96 0 334 1015
5108 0 338 1035
5108 0 | 342 1055
5 89 0 346 1075
5 88 0 354 1114
5 92 0 358 1134
5 86 0 362 1154
5 84 1 366 1174
5 89 0 37 1194
5 80 0 374 1213
5 88 0 378 1233
5 65 0 382 1253
5 89 0 386 1274
5 97 0 39 1295
5106 O @ 394 1320
5105 0 @ 398 1349
5112 2 | 402 1379
5151 1 | 406 1408
5135 3 41 1437 18154
510,5 5 | 4,14 1465 1,5474:
5110 4,18 149,35 1,5433
5112 2 | 422 1522 16007
6142 4 | 426 1551 16846!
6153 0 43 1580 1,6298
6154 0 | 434 161,00 16579
6124 0 | 438 1641 16905
612,9 2 | 4,42 1671 1,6129:
6 12,0 4,46 1703 1,5158
6117 2 45 1735 15262
6120 2 | 454 1767 16134
6112 4 | 458 1803 1,6279!
6152 4 | 462 1843 1,583
6162 5 | 466 191,00 17149
6:10,7. © 47 200,81 1,8001:
6107 2 | 474 2041 15502
6104 O @ 478 2072 15553
6 41 0 482 2104 1,55
6119 0 486 2126 16066
6 93 0 49 2141 15468
6112 0 @ 494 2157 153009
6114 0 | 498 2172 15531
6114 0 | 502 2187 15862
6125 0 506 2202 16086
6 56 0 51 2217 1,616
6104 0 | 514 2231] 15977
6109 0 | 518 2246 15712
6119 0 522 2261 1,58

Py
R &

w =
wﬁpoooooowwo.—-uoooa%om

w
@
(=]

16640

w
=l
=i}

HOHOOgOHHH

92

o
[ =]

[= == R ¥ = R

962

10464

2212
112
16
284
222
160

000000000 WwoR

EHOONOOOHSONH§

[ = = I = I = = =

=
=l
=

28

w
[=J5 =T = T = e = T /O - T = = |

=0
= oo

=
o8
[=1=] [= = = = = = =

[= T = T = = = e s s s s Y =

=
NNOOOOU\ONOO&wNwwHONuOkuuwthg

o
w o

0000 MORRFROROROGO WMERM

= =
oo oo

=
L= T e o I = =

(]
-

00 0000000000000 oOo0

000000 ®MOO0O0000000000000000O0O0O0O0O0

0000000000000 0000000o0oOo

oo oooo

00 0000000000000 0ooOo0

8304

= Y
oo A

=

926
3744
21184

wrowd B

=
NONOU\%NNUJ&§

341
192

1736

6224

E6 ..

000000000 WwoR

=
=]
w
=]

WO 000000000 0KRO0ONNSRM

=
HEOOOHOOOOESOOOOO&OOOO%

:
B

[= T = = = = = = s s s s s

141

0000 000RO00000000ROOO

w
] wos N
wngH

[= 1= =T X

00000000 R-00000Wwoooow

=
oo

19

[= T = = = = = = s s s s s

0000 00RO0O00000000000RO00O0RROOREOW0

O OROO0OO0O0O0O0O0O00000O0ROoOO0oRO

[= == = I =

00 0000000000000 00MO

0000 00RO0O000000000000000000000o0

0000000000000 000000000O0

oo oooo

00 0000000000000 00oOo0

1181

=
LS = T 5]

000000 0MOORROOREM

oo
~ MB

1678

=
15

OOOOI—'\JOOOH& [=J = = R

=
B
LI =]

== = = R = =

~
[

1253

217

148

[= T = = = = = = s s s s =

1030,4
2,4
0,7
0,0
7.5
1,6
0,0
0,0
0,0
0,5
0,1
0,0
0,3
0,3
0,0
0,0
0,0
0,0
0,0
0,0
0,1
3,0

12,2
307,3
1317,8
87.2
2,4
0,3
0,0
0,1

150,1
0,3
1,2
0,4
4,7
0,7
1,0
0,3
0,1
0,2
0,6
0,2
0,1
1,3
0,3
0,3
0,2
0,3
0,4
0,0 -
0,1

21,0
69,8
38,5
359,9
22,8
1,6
0,0 -

UNAVAILABLE
UNAVAILABLE

40,1 3,1
0,1 1,2
0,1 0,2
0,1 0,1
0,0 0,2
a1 3,3
0,0 0,6
0,0 0,0 -
0,1 0,1
0,0 0,0 -
0,1 0,1

109,4 6,7
10,7 1,4
0,0 0,1
0,1 0,0 -
0,0 0,3
0,0 0,0 -
0,5 0,0 -
0,0 0,0 -
0,0 0,1
0,0 1,4
63,5 10,3
0,6 1,2
994,4 2585
UNAVAILABLE
198,0 19,3
7.9 3,4
1,0 1,9
18,5 7.1
17,9 9,6
12,4 2,5
UNAVAILABLE
127,9 20,1
3,3 2,3
531,1 25,8
0,0 0,0 -
0,0 0,0 -
29,4 13,3
211,5 16,0
0,1 0,0 -
0,0 0,0 -
0,3 0,0 -
0,0 0,0 -
0,0 0,0 -
0,0 0,0 -
0,0 0,0 -
0,0 0,0 -
0,0 0,0 -
0,0 0,0 -
0,0 0,0 -
0,0 0,0 -

6,86

7,00 -
0,60 -
0,00 -
1,58 -
2,33 -
0,00 -
0,00 -
0,00 -
2,50 -
0,14 -
0,00 -
3,00 -

1,00 -

16,43
7,92
0,00 -
0,00 -
0,00 -
0,00 -
6,17
0,50 -
3,85

10,24
2,33 -
0,55 -
2,58
1,87
5,00 -

6,36
1,43 -
20,61

2,20
13,19

6,86

0,18
7,98
3,66
3,83

12,97

16,43
7,92

6,17

3,85

10,24

2,58

1,87

6,36

20,61

2,20
13,19



Appendix B: 039-2 data wmexsereneean

Depth [m] Age (ka) (West et al. 2019) IP,;/Sed [-ug/g] IP,s/TOC [~ug/g] —. 4,455 54,00 0,000751846 0,121368319
0,005 0,09 0,007060892 0,749622198 4,305 95,07 0,00060021 0,099655037
0,155 559 0,000236736 0,036290367 4,555 96,12 0,000287642 0,044471873
0,205 645 0,000161743 0,024786623 4,605 97,19 0,000583107 0,088153774
0,255 7.21 0,000261258 0,036655794 4,635 98,26 0,000327936 0,040301623
0,305 815 0,00016316 0,025443416 4,705 99,31 0,000117407 0,01836042
0,355 9,00 0,000108876 0,01592446 4735 100,37 [} a
0,405 9,83 0,000156572 0,0251442 4,805 101,43 0,000125995 0,021254606
0,455 10,66 a o 4,855 102,51 1] a
0,505 11,47 0 0 4,905 103,58 0,000185293 0,027648195
0,605 12,10 0 0 4,955 104,66 0,000161831 0,023465532
0,655 13,90 a o 5,005 105,71 1] a
0,705 14,71 0 0 5,055 106,79 0,000128463 0,024757068
0,755 15,56 2] 0 3,105 107,87 0 a
0,905 18,47 0,001919342 0,225627341 5155 108,94 o 0
0,955 19,47 0,002576491 0,316455822 5,205 110,02 o a
1,015 20,67 0,002417388 0,365923724 5235 111,09 0,000843673 0,130675575
1,055 21,46 0,005084264 0,406715754 2305 112,18 0,001430725 0,264793
1,105 22,47 0,003192229 0,387561864 5,355 113,28 0,000115917 0,023564158
1,155 23,47 0,002161293 0,324929386 2405 114,39 0,000238705 0,045066709
1,205 24,49 0,002094552 0,311023429 5,435 113,50 [} 0
1,255 25,49 0,002086713 0,34303319 3,505 116,61 o a
1,305 26,50 0,001343833 0,199785827 5,393 117,73 [ 0
1,355 27,51 0,000757575 0,145773073 5,605 118,85 4 0
1,405 28,53 0,000397146 0,10967501 5,655 119,99 0,000082835 0,013823732
1,455 29,56 0 0 5,705 121,13 0,000054369 0,009800223
1,505 30,77 0 0 5805 123,41 0 0
1,605 33,21 0,000213478 0,063369782 5835 124,57 o a
1,655 34,42 0,000714009 0,208812571 5,905 125,86 o a
1,705 35,64 0,000156514 0,032732738 5935 127,23 [ 0
1,755 36,86 0,002400489 0,414018626 6,005 128,75 o 0
1,805 38,07 a o 6,055 129,91 1] a
1,855 39,29 0,000436739 0,095451336 6,105 130,88 [} 0
1,905 40,50 0,000565056 0,132777906 6,205 132,68 0,000218324 0,060395763
1,955 41,72 0,000803513 0,16450328 6,255 133,54 o a
2,005 42,92 0,002119987 0,362496994 6,255 134,21 [ 0
2,055 44,15 0,002746089 0,460854128 6,345 135,03 0,000288125 0,063045159
2,105 45,36 0,002178697 0,395548376 6,395 135,88 0,000731103 0,144196557
2,155 46,59 0,000234452 0,046446348 6,445 136,71 [} 0
2,205 47,80 0,000603456 0,132423358 6,505 137,72 [ 0
2,255 49,03 0,000158073 0,036154616 6,545 138,39 o a
2,305 50,24 0,000190923 0,042334058 6,605 139,41 0 0
2,355 51,44 0 0 6,603 140,26 [} a
2,405 52,65 0,000188084 0,042665687 6,705 141,11 o a
2,455 53,87 0,000054241 0,011101339 6,755 141,98 o a
2,505 55,08 0,000269213 0,055569517 6,805 142,67 [ 0
2,555 56,27 0,000645465 0,103946502 6,855 143,75 0,000857475 0,110476255
2,605 57,19 0,001281509 0,169585961 6,905 144,62 0,000299595 0,05068363
2,655 58,07 0,002326294 0,280061641 6,955 145,51 [} 0
2,705 58,95 0,002452099 0,310397571 74055 147,25 0,001327375 0,20583235
2,755 59,83 0,002305338 0,198936144 7,105 148,18 0,000760231 0,097549841
2,805 60,71 0,002456721 0,223231388 7133 145,09 0,000405292 0,061231326
2,955 632,36 0,002589099 0,272557469 7,205 143,58 [ 0
3,005 64,24 0,000562077 0,104450405 7,255 150,89 0,000092371 0,022190843
3,055 65,14 0,0003632322 0,052086332 7303 151,75 0,000450116 0,054463523
3,105 66,04 0,0002238321 0,071128373 7333 152,70 0,002452377 0,304583564
3,155 66,93 0 0 7,405 153,60 0,001453503 0,163764488
3,205 67,83 0 0 7,455 154,49 0,002273634 0,373850536
3,255 68,72 0,000021832 0,006445762 7,535 156,31 0,001898102 0,243612149
3,305 69,62 0 0 7,605 157,21 0,001130433 0,142007325
3,355 70,66 0 0 7,655 158,12 0,00065809 0,103879583
3,405 71,73 0,000363007 0,082508772 7,705 153,02 [ 0
3,455 72,80 0,000486578 0,09574132 7755 159,93 0,000389162 0,062005338
3,505 73,86 0,000372829 0,062621483 7805 160,83 0,001127847 0,106780043
3,555 74,92 0,002578314 0,271104847 7833 161,73 0,000118338 0,020787385
3,655 77,04 0,002367934 0,427437799 7905 162,62 0,000370543 0,060206726
3,705 78,10 0,001780007 0,309604998 7,955 163,50 0,002201686 0,301740588
3,755 79,16 0,000184178 0,034955237 &.005 164,35 0,000278035 0,052819412
3,805 80,22 0,000161376 0,026743292 8,055 165,26 o [
3,855 81,28 0 ] 8,105 166,14 0 0
3,905 82,34 0 0 8,155 167,03 0,000113431 0,021211327
3,955 83,40 0 0 8205 167,51 0 0
4,005 84,46 0 0 8,255 168,79 0,000140631 0,021262694
4,055 85,51 0 0 8,305 169,65 0,000268572 0,021080504
4,105 86,57 0,000144656 0,021491951 8355 170,51 0,00027742 0,031481512
4,155 87,63 0,000160487 0,028911207 8,405 171,38 0,000318511 0,05748188
4,205 88,68 0,000184541 0,032017796 8,455 172,22 0,001165646 0,201553523
4,255 85,74 0,000067444 0,012079553 8,505 173,06 0,002589926 0,269745717
4,305 90,81 0,000236958 0,050782722 8,555 173,39 0,001733979 0,2218206
4,355 91,87 0,00021965 0,037227424 8,605 173,39 0,001367189 0,154717739
4,405 92,94 0,000427702 0,079890874

®



