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Abstract 
To investigate whether foraminiferal stable isotope (δ18O/δ13C) variations have potential as a 

chronostratigraphic tool in the Arctic Ocean, this thesis presents new δ18O/δ13C data from five marine 

sediment cores. Three of those are downcore analyses (PS92/54-1; TC/PC-03; PC-07) and the 

remaining two are core top analyses (PC-04; PC-08). Seven species of benthic foraminifera 

(Cassidulina neoteretis, Cibicides lobatulus, Cibicidoides wuellerstorfi, Oridorsalis tener, 

Quinqueloculina arctica, Stainforthia concava and Triloculina sp.) and one planktic 

(Neogloboquadrina pachyderma sinistral) were compared against physical properties data, foraminifera 

counts and existing age models. The stable isotopic data reveal species-specific niches, resulting from 

vital effects and habitat preferences. As changes in δ13C mainly are related to palaeoproductivity and 

ocean/atmosphere gas exchange, and has limited use as a dating tool, the focus has been to create high-

resolution downcore δ18O records that can be compared to a global benthic stack. Cibicidoides 

wuellerstorfi is found to be the most common benthic foraminiferal species in the central Lomonosov 

Ridge cores (TC/PC-03 and PC-07) whereas C. neoteretis and N. pachyderma are most common at the 

Yermak Plateau (PS92/54-1). Usefulness of C. wuellerstorfi in the central Lomonosov Ridge cores is 

limited due to low amplitude changes in δ18O over periods interpreted to cover several Marine Isotope 

Stages. A similar issue was observed in C. neoteretis δ18O on the Yermak Plateau (PS92/54-1). There, 

C. neoteretis abundances were low during interglacials. Instead, planktic N. pachyderma δ18O at the 

Yermak Plateau site (PS92/54-1), more closely than any analysed benthic species, resembled the global 

benthic δ18O stack. This implies potential of N. pachyderma δ18O as a chronostratigraphic tool in this 

region of the Arctic. Using N. pachyderma δ18O to correlate distal cores in the Arctic Ocean would 

demand addressing the issues of regional differences in pelagic δ18O, varying calcification depths and 

poor preservation. Addressing why the range of variability differs between sites in the same MISs is 

crucial, before attempting to stack downcore δ18O from the relatively abundant Arctic benthic species 

C. neoteretis. 
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Sammanfattning 
Med siktet på att undersöka huruvida variationer i stabila isotopvärden (δ18O/δ13C) hos foraminiferer 

har potential som dateringsredskap i Arktiska Oceanen, presenteras härmed ny δ18O/δ13C data från fem 

marina sedimentkärnor. Tre kärnor analyseras på längden (PS92/54-1; LOMROG III TC/PC-03 och 

PC-07) medan två analyser begränsas till kärnornas toppskikt (LOMROG I PC-04 och PC-08). Resultat 

från sju olika arter av bentoniska foraminiferer (Cassidulina neoteretis, Cibicides lobatulus, 

Cibicidoides wuellerstorfi, Oridorsalis tener, Quinqueloculina arctica, Stainforthia concava and 

Triloculina sp.) och en planktonisk (Neogloboquadrina pachyderma sinistral) har jämförts mot data 

som baserats på kärnornas fysiska egenskaper, mängden foraminiferer och befintliga åldersberäkningar. 

De nya isotopresultaten avslöjar nischer som är specifika för varje art och som, förutom isotopvärdena 

i det omkringliggande havsvattnet, är beroende av varierande fraktioneringseffekter samt 

habitatpreferenser. Förändringar i δ13C är mestadels avhängigt paleoproduktivitet och gasutbyte mellan 

atmosfär och hav. Det har därför begränsad användning som dateringsredskap. Fokus har istället legat 

på att skapa högupplöst δ18O data som kan jämföras med en global δ18O ’stack’. Cibicidoides 

wuellerstorfi är den vanligast förekommande arten i TC/PC-03 och PC-07 medan C. neoteretis och N. 

pachyderma har flest förekomster i PS92/54-1. I den senare kärnan saknas C. neoteretis under perioder 

där förändringar i δ18O antas vara stora (interglacialer). Istället är det δ18O hos planktoniska N. 

pachyderma som i högst grad efterliknar en global bentonisk ’stack’. Dessa resultat antyder att N. 

pachyderma potentiellt kan användas som lokalt dateringsverktyg. För att kunna korrelera mot mer 

avlägsna sedimentkärnor i Arktiska Oceanen med hjälp av δ18O från N. pachyderma, så behöver hänsyn 

tas till regionala skillnader i pelagial δ18O, varierande kalcifieringsdjup och dålig bevaring av 

foraminifererna. Det är viktigt att adressera varför det finns en amplitudskillnad mellan olika 

sedimentkärnor för samma tidsperioder, innan försök görs att sammanfoga δ18O resultat från den vanligt 

förekommande Arktiska bentoniska arten C. neoteretis.  
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1. Introduction 
Palaeoceanography is the study of past changes in climate and marine productivity and relies on the 

retrieval and analysis of marine sediments. Local, regional and global signals are recorded in a multitude 

of proxies that each potentially can reveal past climatic events and cyclic changes. One of the most 

commonly studied constituents of marine sediments are foraminifera. Foraminifera are unicellular 

calcareous organisms that live in all World oceans in various levels of the water column. Benthic 

foraminifera live at or near the water sediment interface as infaunal (under the interface) or epifaunal 

(above the interface) species. Planktic foraminifera live higher up in the water column. The only 

planktic species in this study (Neogloboquadrina Pachyderma sinistral) inhabit water depths of ca 50–

200 m (Carstens et al., 1997). These foraminifera can be a powerful tool when establishing chronologies 

for marine sediment cores. There, they can be used as biostratigraphic markers (Cronin et al., 2014; 

Hanslik, 2011) based on taxonomy. They can also be measured for stable carbon and oxygen isotopes 

(δ18O 18O/16O and δ13C 13O/12C) as those elements are incorporated in their calcite tests from the ambient 

seawater, thus recording isotopic variations in seawater. In turn, oxygen isotopic variations in seawater 

mainly have two controls: temperature (Emiliani, 1955; Urey, 1947) and the volume of terrestrial ice 

reservoirs (Shackleton, 1967; Shackleton and Opdyke, 1973). The latter is a result of fractionation 

during evaporation, where the lighter 16O is preferentially evaporated over the heavier 18O. This process 

leads to enrichment of 18O in the oceans at times of large ice sheets as precipitation carrying the lighter 
16O, to a greater extent, is stored in glacial ice. Isolating the ice volume component would then make 

δ18O an indicator of glacial periods. It can be done by limiting δ18O measurements to benthic 

foraminifera, since deep ocean temperatures are not affected by seasons and are believed to have been 

relatively stable over the time frame under focus in this study. Because the mixing time of O in the 

oceans is short enough (ca 103 years), the measured δ18O signal is a global signal (Lisiecki and Raymo, 

2005). Therefore, benthic foraminifera have been widely used to locate sediments in ‘time’ through 

correlation to the Marine Oxygen Isotope (MIS) chemostratigraphy system.  

This thesis focuses on the Arctic Ocean, where dating and correlation of late Quaternary sediments has 

proven challenging due to the scarcity of datable materials. Foraminifera are only intermittently present 

in sediment cores, such that few attempts have been made to correlate them to the global MIS record. 

However, while the foraminiferal record in the Arctic is fragmentary, the sections carrying rich 

foraminifera assemblages can produce useful, albeit discontinuous, δ18O and δ13C data (Hanslik, 2011). 

Even when fragmentary, these are valuable for identifying glacial phases and testing independent age 

constraints, including biostratigraphy (Cronin et al., 2014) and Mn cyclostratigraphy (Löwemark et al., 

2014). By combining proxies from multiple cores, it is a long-term goal to construct a more continuous 

δ18O/δ13C stacked record for the Arctic Ocean. To achieve this, it is crucial to increase understanding 

regarding different Arctic Ocean foraminiferal species ‘vital effects’. Vital effects are defined as 

ecology-based isotopic fractionation processes that result in deviations from δ18O/δ13C equilibrium. 

These must be investigated for individual species to ensure that measured isotopic signals truly reflect 

regional or global variations in the seawater, and to enable multi-species datasets to be correctly 

integrated. Earlier studies addressing species reliability has been performed in (e.g.) the eastern Pacific 

Ocean (Bhaumik et al., 2017), the Indian Ocean (Birch et al., 2013) and the north-western Atlantic 

Ocean (Katz et al., 2003). 

1.1 Thesis objectives 

The first objective of this project is to expand the approach of stacked δ18O and δ13C records in the 

Arctic by generating new δ18O/δ13C measurements on benthic and planktic foraminifera in recently 

recovered sediment cores from multiple regions in the Arctic Ocean, across several glacial cycles. By 

correlating δ18O/δ13C variations in the records (relative δ18O/δ13C maxima and minima) and 



6 

 

incorporating other proxies (e.g. foraminiferal abundances and physical properties), the results are 

compared to equivalent records from three existing Arctic benthic and planktic δ18O/δ13C stratigraphies: 

PC-04 from the Lomonosov Ridge (Hanslik, 2011), PC-08 from Morris Jesup Rise (Hanslik, 2011) and 

PS1533-3 from the Yermak Plateau (Spielhagen et al., 2004) (Figure 1). The ultimate aim is to 

contribute towards a longer-term effort to generate a stacked late Quaternary δ18O/δ13C record for the 

Arctic Ocean. The second objective is to investigate species reliability in terms of isotopic results. This 

is done by examining offsets between species that are abundant enough to generate isotope data and 

applying current knowledge on species ecology. It is something that has not been done in the Arctic 

Ocean before but is of utmost importance if multi-species isotopic data are to be combined, and to 

identify the most useful species for single species records.  

Figure 1. Bathymetric map of the Arctic ocean. Parts of the four study areas targeted during three different research cruises are 

marked with dashed red lines and labelled a–d: a) Lomonosov Ridge Off Greenland area containing the LOMROG I, Piston 

Core (PC)-04; b) the Morris Jesup Rise (MJR) from where LOMROG I, PC-08 was retrieved; c) central Lomonosov Ridge 

(LR) area encompassing both LOMROG III, Trigger Core (TC)/PC-03 and PC-07); d) The Yermak Plateau (YP) from where 

PS92/54-1 was retrieved. Close up view of these regions and core locations are presented in Figure 2, parts a-d. White arrows 

mark the two dominant ice flow currents Transpolar Drift (TPD) and the Beaufort Gyre (BG). Orange arrows indicate major 

inflow routes of Atlantic water to the Arctic Ocean. That water is later circulated in the different sub-basins of the Arctic Ocean. 

Yellow diamonds indicate positions of analysed cores whereas the red diamond indicate position of compared core PS1533-3. 

Additional ridges, rises and plateaus are abbreviated as follows: Alpha Ridge (AR), Gakkel Ridge (GR), Makarov Ridge (MR).  
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2. Background 

2.1 Oceanography and palaeoceanography of the Arctic Ocean 

The modern Arctic Ocean (Figure 1) stands out from the World’s oceans in terms of oceanographic 

properties. These include size, depth, circulation patterns, perennial sea ice cover and stratification. Its 

size (9.5 x 106 km2) is merely ca 9 % of the Atlantic Ocean (Montgomery, 1958). It is shallower than 

the large oceans of the World. Shelf areas cover 52.7 % (Jakobsson et al., 2003), compared to other 

World oceans where shelves and slopes are estimated to 9.1 %–17.7 % (Menard and Smith, 1966). 

Particularly shallow and vast are the Eurasian shelves underlying the Chukchi, East Siberian, Laptev 

and Kara seas, which are only 30–50 m deep (Spielhagen et al., 2004). The deep central Arctic Ocean 

has a mean depth of 2,748 m (Jakobsson, 2002) and is subdivided into basins (Nansen, Amundsen, 

Makarov and Canada basin), that are separated by ridges (Gakkel Ridge, Lomonosov Ridge, Mendeleev 

Ridge and Alpha Rise) (Figure 1).  

Atlantic Water inflow to the central Arctic occurs primarily through the Fram strait (between Svalbard 

and Greenland). It is the only break in the continental crust that surrounds the central Arctic Ocean, 

hence the only place where deep water can enter the Arctic. The Atlantic Water circulates through the 

Arctic, flowing counter clockwise along the ridges and adjacent shelves.  

The most prominent feature of the Arctic Ocean is the perennial sea ice cover. It is formed extensively 

in polynyas on the shallow Eurasian shelves (Eicken, 2004; Spielhagen et al., 2004), where fresh water 

from large Siberian rivers is discharged, and by re-freezing of central Arctic surface waters. The sea ice 

insulates the underlying water masses from atmospheric exchange. It also limits primary productivity 

(Stein, 2008).  

Sea ice transport patterns are dominated by the Beaufort Gyre and the Transpolar Drift (Figure 1). The 

former circulates sea ice over the Canada Basin in a clockwise direction whereas the latter moves sea 

ice from the Bering Strait toward the Fram Strait. Based on their varying properties (i.e. salinity, 

temperature, position and provenance), the different Arctic water masses can be divided into units 

(Figure 2). First (1), the lighter water on top is the Polar Mixed Layer. It occupies the top ca 50 m of 

the Arctic Ocean and is a relatively fresh and cold body of water. Below it (2) lies the Halocline (ca 50–

200 m) where salinity and temperature increases. At ca 200–900 m depth (3) is the Atlantic Water. It is 

warmer (1–2 °C) and saltier than the other bodies of water in the stratified central Arctic Ocean. Where 

deep enough (4), Arctic Deep Water lies between the seafloor and the Atlantic Water. It is colder and 

denser than any of the other water masses and becomes North Atlantic Deep Water as it eventually exits 

the Arctic and enters the global thermohaline circulation. – 
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Figure 2. Close up map of study areas together with sections of the water column. The different water masses were determined from salinity (Polar Mixed Layer and Halocline) and temperature 

(Atlantic water and Arctic Deep Water) The red outlines in the maps indicate locations of sections and are plotted W-E (red asterisk corresponds to the leftmost part of each section). The blue dots 

are CTD (Conductivity, Temperature, Depth) casts from which the z variables (salinity and temperature) in the sections are derived. Yellow diamond mark the coring localities in this study. All 

transects are 50 km wide except the on from Yermak Plateau, which is 20 km wide. A) Lomonosov Ridge and coring location of PC-04. A weighted average of 400 ‰ (X direction [dir.]) and 135 

‰ (Y dir.) was used when smoothing this CTD data. B) Morris Jesup Rise north of Greenland. The coring location of PC-08. A weighted average of 50 ‰ (X dir.) and 20 ‰ (Y dir.) was used when 

smoothing this CTD data. C) Central Lomonosov Ridge and the coring locations of both LOMROG III cores (PC-03 and PC-07). A weighted average of 45 ‰ (X dir.) and 90 ‰ (Y dir.) was used 

when smoothing the LOMROG III CTD data. D) Eastern slope of Yermak Plateau with coring location of PS92/54-1 as well as coring location of compared core PS1533-3 (red diamond) (Spielhagen, 

et al., 2004). A weighted average of 20 ‰ (X dir.) and 5 ‰ (Y dir.) was used when smoothing this data. This figure was constructed using Ocean Data View (Schlitzer, 2016), the CTD data was 

downloaded from World Ocean Database (WOD 13) and the bathymetry is based on the International Bathymetric Chart of the Arctic Ocean (IBCAO v3).  
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2.2 Marine sediment core correlation and dating in the Arctic 

Marine Quaternary sediment core correlation and dating is more challenging in the Arctic than in other 

World oceans. Earlier correlation techniques have primarily focused on the study of lithofacies, where 

different sedimentological units are identified based on their physical and sedimentological properties 

e.g. colour, grain, bulk density and magnetic susceptibility (e.g. Clark et al., 1980; Sellén et al., 2010). 

Overall, varying sedimentation rates, gradual transitions and unknown ages make long-distance 

correlations of lithostratigraphies difficult (Sellén et al., 2010). Bulk density is an effective tool for 

lithologic correlation in many regions of the Arctic (Sellén et al., 2010). Generally, coarser grained 

sediment intervals containing more ice rafted debris (IRD) have a lower porosity and increased bulk 

density. Magnetic susceptibility (k) can also be used to identify glacials and interglacials by revealing 

variations in the concentration of magnetically susceptible grains downcore. It works under the 

assumption that more clasts (with higher magnetic susceptibility) are deposited during glacials. 

Potential problems with this method include porosity, which can dilute an otherwise strong signal. 

Downcore lithologic variations can ultimately be used to roughly identify glacial and interglacial 

periods of sedimentation. These can then be further delineated using other dating and correlation 

methods that include Accelerated Mass Spectroscopy (AMS) 14C datings (e.g. Bylinskaya et al., 2016), 
10Be isotopes (e.g. Sellén et al., 2009; Spielhagen et al., 2004), Mn-stratigraphies (Löwemark et al., 

2014) and magneto-stratigraphy (e.g. Dowdeswell et al., 2010; O’Regan et al., 2010). In more recent 

years, Anhysteretic Remanent Magnetization (ARM) has been used (e.g. Lisé-Pronovost et al., 2009) 

as a potential correlation tool to the global benthic δ18O stack (Wiers, in prep.) and δ18O ice core records 

(Dokken et al., 2013), especially around the Yermak Plateau. ARM (or the ratio of ARM/k), is a 

sensitive indicator of magnetic grain size. 

Biostratigraphic dating, relying on calcareous microfossils, have proven difficult to establish due to low 

taxonomic diversity and the discontinuous distribution of foraminifera (Backman et al., 2004). 

Biostratigraphic marker events, such as occurrences of benthic foraminiferal species Bulimina aculeata 

(marker for MIS 5.1) (Hanslik, 2011) or coccolithophore Emiliana huxleyi (marker for late MIS 3) 

(Backman et al., 2009) are present, but rare. Furthermore, oxygen isotopic results from planktic 

foraminifera may not carry a ‘clean’ global signal, as the upper part of the Arctic Ocean water column 

is subjected to a complex interplay of ocean currents, sea ice formation and stratification. Sea ice 

formation rejects salt and causes brine transport through the water column. It also affects stable isotopic 

values as δ18O generally is lower under the perennial sea ice and δ13C is higher, with opposite trends 

applying in seasonally ice-free waters (Xiao et al., 2014). Moreover, large freshwater outbursts from 

ice-dammed lakes in northern Asia and Canada during late Pleistocene (Spielhagen et al., 2004) have 

temporarily decreased surface water salinity, thus lowering δ18O and δ13C of the waters where planktic 

foraminifera extract their calcite tests. Since independently comparable timescales often rely on 

biostratigraphic data (such as calcareous records), the low resolution foraminiferal records hampers 

both relative and absolute dating of Arctic Ocean marine sediment cores. 

2.3 Quaternary Arctic Ocean foraminifera 

The microfossil record of Arctic marine sediment cores is considered comparatively sparse, with mere 

sporadic occurrences and low taxonomic diversity. Especially low (or barren) are the foraminiferal 

abundances found during glacials (Backman et al., 2004) and it is difficult to find foraminifera 

extending beyond MIS 7 (Hanslik, 2011; Sellén et al., 2010) and even more so beyond MIS 13–17 

(Cronin et al., 2014) in the Arctic. Two reasons are possible for the patchy presences of foraminifera in 

Arctic Ocean sediment cores: (1) Unfavourable living conditions during certain periods leading to low 

(or no) abundances of living foraminifera, or (2) post-depositional transport, dissolution or other type 

of destruction of the dead foraminifera tests. In support of the former, low primary productivity 



13 

 

(Wheeler et al., 1996) under the sea ice cover affects living planktic foraminifera as the population is a 

mere 10 % compared to ice-free waters and ca 3 % compared to ice-margin waters, as reported from 

the Fram Strait (Carstens et al., 1997). This relationship was also observed in benthic foraminifera by 

Wollenburg and Mackensen (1998a) who found a negative correlation between benthic foraminiferal 

abundances (under sea ice) and depth in the Eurasian side of the Arctic Ocean. In support of the latter, 

Cronin et al. (2008) hypothesized that highly corrosive pore waters could be responsible for widespread 

post-depositional dissolution. The basis for this were drops in alkalinity and pH concurrent with the 

absence of carbonate reported by Backman et al. (2006) in cores from Amundsen Basin, Nansen Basin 

and the Lomonosov Ridge. Chauhan et al. (2016) speculated that the lack of MIS 1 (specifically early 

Holocene) sediments in two cores north of Svalbard could be the result of strong bottom currents. High 
14C ages from core tops has led to similar conjectures from the Morris Jesup Rise (MJR) (Hanslik, 2011; 

PC-08; Stein et al., 1994).  

Planktic Quaternary foraminifer assemblages in the Arctic Ocean are dominated by N. pachyderma, 

and to a lesser degree the smaller Turborotalita quinqueloba (Hanslik, 2011). Because of this, N. 

pachyderma has been used in numerous stable isotope studies (Bylinskaya et al., 2016; Chauhan et al., 

2016; Hanslik, 2011; Pados et al., 2015; Spielhagen et al., 2004; Xiao et al., 2014) in the Arctic Ocean. 

Bauch et al. (1997) determined the N. pachyderma habitat to lie at 70–200 m based on plankton tows 

and surface sediment samples from the Eurasian side of the Lomonosov Ridge. They reported 

calcification depths at those same sites being deeper than habitat (90–210 m), which would place 

calcification in deep Halocline waters (Figure 2) bordering Atlantic Water. The stable isotopic signal 

from N. pachyderma would thus come further away from the Polar Mixed Layer. 

The benthic foraminiferal fauna is more varied. Research on benthic assemblages were previously 

performed around all study areas in this thesis from the Morris Jesup Rise (e.g. Bergsten, 1994; Hanslik, 

2011; PC-08; Wollenburg and Mackensen, 1998a) to the Lomonosov Ridge (e.g. Hanslik, 2011; PC-

04; Osterman et al., 1999; Wollenburg and Mackensen, 1998a) and the Yermak Plateau (e.g. Bergsten, 

1994; Chauhan et al., 2016; Wollenburg and Mackensen, 1998a). The different benthic species analysed 

in this thesis were identified in the same regions in earlier work.  

High relative abundances of benthic species Cassidulina neoteretis (Cassidulina teretis of some 

authors) inhabit water depths of ca 500–1400 m (Wollenburg and Mackensen, 1998a). In the Arctic, 

those depths are associated with Atlantic Water. Cassidulina neoteretis has been reported from Morris 

Jesup Rise and the Lomonosov Ridge where it is the most recurrent species (Hanslik, 2011; PC-08). 

However, Bergsten (1994) and Wollenburg and Mackensen (1998a) infer much lower numbers (<5 %) 

for the same species and area. Chauhan et al. (2016) found C. neoteretis to be the most abundant species 

at sites near Yermak Plateau. Cassidulina neoteretis is a shallow infaunal species, (Wollenburg and 

Mackensen, 1998b).  

Epifaunal Cibicidoides Wuellerstorfi (Planulina wuellerstorfi, Cibicides wuellerstorfi or Fontbotia 

wuellerstorfi for some authors) is another recurring benthic foraminifera species in Arctic Ocean 

sediment cores. It inhabits depths of 1500–3000 m (corresponding to Arctic Deep Water) (Wollenburg 

and Mackensen, 1998a) and has been used in studies on stable isotopes by (e.g.) Aksu and Vilks (1988) 

and Katz et al. (2003).  

Oridorsalis tener (Oridorsalis umbonatus for some authors) is another Arctic Ocean foraminifera 

species commonly found in Quaternary sediments (Bergsten, 1994; Bylinskaya et al., 2016; Hanslik, 

2011; Osterman et al., 1999). It is a shallow infaunal species (Katz et al., 2003) and found at varying 

depths in the Arctic Ocean from >4000 m (Wollenburg and Mackensen, 1998a) to ca 1000 m (Hanslik, 

2011), depths which would place it in Arctic Deep Water.  
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The final species of foraminifera of special interest is the epifaunal Cibicides lobatulus (Lobatula 

lobatula for some authors). In a study by Bergsten (1994), it was found on the Yermak Plateau, but not 

on the Morris Jesup Rise, Nansen Basin or Amundsen Basin. Its presence near Svalbard was confirmed 

by Chauhan et al. (2016), Mackensen et al. (2017), and Osterman et al. (1999). Habitat depths are 

reported from <500 m (Osterman et al., 1999) to ca 2500 m (Bergsten, 1994), placing C. lobatulus in 

Atlantic Water to Arctic Deep Water.  

Additional species include epifaunal Triloculina sp. (Murray, 1991), infaunal Stainforthia concava 

(Anschutz et al., 2002) and epifaunal Quinqueloculina arctica (Barrientos et al., in press). Agglutinated 

foraminifera are also common in many Arctic Ocean sediment cores. They build their tests not from 

calcite, but from fine-grained sand with varying types of cement (Marzen et al., 2016). Assemblages of 

benthic agglutinated foraminifera are associated with corrosive waters and low abundances of planktic 

foraminifera (Scott and Vilks, 1991), and are mainly found in slope and shelf-areas of the Arctic Ocean 

(Steinsund and Hald, 1994).  

2.4 Oxygen stable isotope stratigraphy 

The Marine Oxygen Isotope (MIS) chemostratigraphy system is widely used to date and correlate 

Pleistocene marine sediment records. This involves correlating a downcore δ18O record with a global 

benthic stacked record. A stack is a compilation of multiple δ18O records that has been correlated and 

stacked into a single record (e.g. using averaging and automated graphic algorithms) that can be used 

as ‘type section’. Lisiecki and Raymo (2005) created a stack spanning 5.3 Ma covering the Quaternary 

as well as the Pliocene. The MISs are labelled such that interglacials have odd numbers and glacials 

have even numbers (Figure 3). If resolution in a record is high enough to reveal substages within the 

MISs, the MIS designation can receive an add-on (e.g. 5a) where ‘odd’ letters (e.g. a, c and e) are 

relatively warm substages and ‘even’ letters (e.g. b, d and f) are relatively cold substages. Specific 

events in a δ18O record instead renders a numerical add-on (e.g. 5.5) where odd numbers are relatively 

warm events and even numbers are relatively cold events. This MSc thesis attempts to correlate new 

Arctic Ocean δ18O records to the MIS system.  

 

Figure 3. Part of the LR04 benthic δ18O stack from Lisiecki & Raymo (2005), which provides a standard, global δ18O chemostratigraphic 

reference framework to which other δ18O records can be compared. Brunhes refers to one of the paleomagnetic Chrons that were used for 

correlation in their study. The numbering (1–18) next to the stack represent MISs, where odd numbers (except MIS 3, which is an 

interstadial) correspond to interglacials and even numbers correspond to glacials.  

 

Time (ka) 
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3. Material and methods 

3.1 Material 

Three cruises (Lomonosov Ridge Off Greenland [LOMROG] I, LOMROG III and Polarstern [PS]92) 

collected the five cores (Piston Core [PC]-04, PC-08, Trigger Core [TC]/PC-03, PC-07 and Gravity 

Core [GC] PS92/54-1) (Table 1, Figure 1 and Figure 2) which are the basis for this study. Analyses 

from TC/PC-03 and PC-07 are restricted to the top 2 m due to absence of foraminifera further down in 

the cores. PS92/54-1 was analysed over the entire length of the core. In total, 228 foraminiferal stable 

isotope analyses were generated on material retrieved from 94 depth intervals. Another 90 samples were 

investigated but proved to have insufficient CaCO3 mass (in terms of foraminifera) for successful 

analyses.  

 

 

 

 

 

 

 

 

 

 

3.1.1 Morris Jesup Rise and Lomonosov Ridge off Greenland: cruise: LOMROG I, cores: PC-

04 and PC-08  

LOMROG I sailed in the late summer of 2007. Its main objective was to take marine sediment cores 

and conduct hydroacoustic mapping over the MJR and the Lomonosov Ridge north of Greenland 

(Jakobsson et al., 2008) using the Swedish icebreaker RV Oden (with the aid of Russian nuclear 

icebreaker RV 50 years of victory) (Figure 1). Cores from that cruise that are analysed here include PC-

04 and -08. PC-04 was taken at the Lomonosov Ridge north of Greenland at 811 m depth (Figure 2a) 

whereas PC-08 was taken at the northernmost tip of the MJR at 1038 m depth (Figure 2b). These depths 

place them around the Atlantic Water–Arctic Deep Water interface. In this work, C and O stable isotopic 

measurements from these cores were restricted to the core tops (4–5 and 8–9 cm depth beneath sea 

floor), since downcore planktic and benthic foraminiferal chemostratigraphies were previously 

generated by Hanslik (2011).  

3.1.2 Lomonosov Ridge: cruise: LOMROG III, cores: TC/PC-03 and PC-07  

The LOMROG III cruise in 2012 was co-organized by Sweden and Denmark (Marcussen et al., 2012). 

Its primary focus was to gather bathymetric, gravimetric and seismic data for the United Nations 

Convention on the Law of the Sea (UNCLOS), also using the Swedish icebreaker Oden. Its main survey 

areas were the Amundsen Basin and the Eurasian flanks of the Lomonosov Ridge (Figure 1). Beside 

the primary focus, LOMROG III collected several sediment cores, of which TC/PC-03 and PC-07 are 

analysed for C and O stable isotopes. They were chosen for analysis because existing counts of 

foraminifera indicated relatively good preservation in the upper few meters of the cores. Physical 

Table 1. Core information on all cores analysed in this thesis. P=Planktic foraminifera, B=Benthic 

foraminifera, 
D
=Downcore analysis, 

D*
=Downcore analysis (Hanslik, 2011),

 C
=Core top analysis (Core top 

defined as down to 0.16 m beneath sea floor). Downcore sampling in the LOMROG III cores is restricted to 

the top 2 m due to a deficit of foraminifera thereafter.  
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properties data were used in this thesis to build a stronger litho- and chronostratigraphic framework for 

the isotopic measurements. Both cores were retrieved at depths which places them in Arctic Deep Water 

(Figure 2c). Salinity profiles for this region places living N. pachyderma at, or below, the Halocline, 

assuming preferred habitat depths of 50–200 m (Figure 2c).  

3.1.3 Yermak Plateau: cruise: PS92, core: 54-1  

The third cruise is PS92 (TRANSSIZ). The TRANSSIZ project (Transitions in Arctic Seasonal Sea Ice 

Zone) was undertaken in early summer 2015, using the German icebreaker RV Polarstern, with the 

purpose of conducting “ecological and biogeochemical early spring process studies from the shelf to 

the basins of the European Arctic margin and on the Yermak Plateau (Figure 1), in order to link past 

and present sea-ice transitions in the Arctic Ocean” (Peeken, 2016). The TRANSSIZ core analysed in 

this thesis is the GC PS92/54-1.  

Yermak Plateau is a sickle-shaped submarine topographic high north of Spitsbergen (Svalbard) which 

is connected to the northwesternmost part of the Eurasian shelves and has an area of 35 x 103 km2 

(Jakobsson et al., 2003). Bottom waters are dominated by north flowing Atlantic Water, regionally 

defined as the West Spitsbergen Current. Along the eastern slope, where depth increases below 1000 

m, the West Spitsbergen Current overlies colder Arctic Deep Water. It is on this slope that core PS92/54-

1 was retrieved, at 1145 m depth (Figure 2d). Subsequently, that would place PS92/54-1 in Arctic Deep 

Water. Planktic foraminifera at the same site would inhabit the Halocline–Atlantic Water. Other cores 

from this area are reported to be free from turbidites with alternating coarse and fine-grained layers 

(Spielhagen et al., 2004).  

Wiers (in prep.) created an age model for PS92/54-1 based on physical (bulk density) and magnetic 

properties (magnetic susceptibility and ARM), and a few 14C dates. The ARM/k data was correlated to 

the LR04 global benthic stack created by Lisiecki and Raymo (2005). Low ARM/k values were 

correlated with glacials to connect PS92/54-1 to the MIS framework. Marine Isotope Stage transitions 

were interpreted at 0.6 (MIS 1/2), 1.19 (MIS 2/3), 2.69 (MIS 3/4), 3.23 (MIS 4/5) and 4.5 (MIS 5/6) 

meters beneath sea floor (mbsf). In this thesis, new data for PS92/54-1 include coarse fraction data 

(>63 µm), foraminifera abundance estimates as well as C and O stable isotope analyses.  

3.2 Sample preparation 

Prior to this study, the LOMROG I core samples were sieved, to isolate the >63 µm fraction, and dried. 

They were also picked for foraminifera by Hanslik (2011). Similarly, the LOMROG III samples were 

sieved and dried before this study. However, those had not been picked for foraminifera. PS92/54-1 had 

only been sampled and freeze dried, but not sieved. Therefore, wet sieving was performed to isolate the 

>63 µm size fraction. When sieving, deionized water was used. For the subsequent drying, the samples 

were placed in an oven at 30°C for 4-24 hours. Brushes were used when transferring material between 

containers. These brushes, and all other reusable material, was subjected to compressed air before 

moving between samples to avoid contamination. Sampling resolution in PS92/54-1 is 4 cm downcore 

except for an 8 cm gap at 0.62 – 0.70 mbsf. 

3.3 Foraminifera abundances, imaging and taxonomy 

In core PS92/54-1, a downcore planktic and benthic foraminifera abundance estimate was produced. 

The scale includes a mix of qualitative estimates and actual counts (Table 2). At depths where coarse 

sediment abundance was low and foraminifera abundance suspected barren, a mere optical inspection 

through the vial was determined to be sufficient. This method was tested at 18 depths by double-

checking the sediments on a plate. At neither of these depths was the estimation changed. Photos (Figure 
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4) were taken under reflected light microscopy using a Leica DFC295 camera and Leica Application 

Suite 4.0 software. 

Foraminifera species identification is primarily based on literature (Hanslik, 2011; Holbourn, 2013; 

Murray, 1991; Wollenburg and Mackensen, 1998a). Additional guidance comes from personal 

communication at the Institution of Geological Sciences (Stockholm University). 

3.4 Stable oxygen and carbon isotope analysis 

Analysis of stable oxygen and carbon isotopes in foraminifera was conducted on 226 samples. The 

samples weighed 70–270 µg each (preferably 250 ± 20 µg) and contained 1–92 specimens, measuring 

90–900 µm. Where sample weight was low (70–229 µg), an area correction calculation was applied. 

More common foraminifera, such as C. wuellerstorfi, O. tener, C. neoteretis and N. pachyderma were 

complimented by less numerous species such as Q. arctica, S. concava and Triloculina sp. Two species 

(Ioanella tumidula and Valvulineria arctica) were picked and weighed but failed to reach the lower 

limit (70 µg) required for stable isotope analysis. Foraminiferal morphotypes (Healy-Williams, 1992), 

size (Hillaire-Marcel et al., 2004) and secondary crusts (Volkmann and Mensch, 2001) have been shown 

to influence stable isotope measurements. Therefore, preferably, well-preserved foraminifera (i.e. 

unstained, intact and clean) were chosen for analysis. If more than one individual was picked, size was 

considered, so that the difference between the smallest and largest individual in one sample was 

minimized. PC-04 was the only core to be picked down to 90 µm. All other were picked down to 125 

µm. Abandoning the 90-125 µm fraction was practical since there were less foraminifera there and 

when present, there were too few to reach the lower mass limit for isotope analysis. The 125–300 µm 

fraction was the dominant size fraction picked for analyses, except for C. wuellerstorfi, Q. arctica and 

Triloculina sp., which were larger. Foraminifera with secondary precipitation on their tests (staining) 

were consequently discarded but a few foraminifera were picked despite internal discolorations. In the 

case of N. pachyderma, four-chambered, quadrate specimens were preferred.  

All carbonate samples were analysed for carbon and oxygen isotopic values at the Stable Isotope 

Laboratory (SIL) of the Department of Geological Sciences at Stockholm University using a 

Gasbench II connected to a MAT253 IRMS both from Thermo Scientific. Sample aliquots 

corresponding to 250 ± 20 µg were reacted with excess of 100% phosphoric acid at room temperature 

for 18 hours before analysis of CO2. Repeat analysis of NBS18, IAEA-CO-1 and IAEA-CO-8 

standards and two controls give standard deviations better than 0.07 ‰ for δ13C and 0.15 ‰ for δ18O. 

The C and O isotopes were calibrated to the Pee Dee Belemnite (PDB) and converted to delta notation 

(e.g. ([18O/16Osample - 18O/16Ostandard] ÷ 18O/16Ostandard) x 1000 = δ18O) (Coplen, 1996). All isotopic results 

are expressed in ‰ vs PDB. Absolute measured isotopic values are reported. No attempt has been 

made to isolate temperature or report equilibrium values through the application of equations (e.g. 

Shackleton, 1974).

Table 2. Description of the classification system that was used when determining 

planktic and benthic foraminifer abundances in LOMROG III cores TC/PC-03 

and PC-07 as well as TRANSSIZ core PS92/54-1. The three lower values (0–2) 

represent actual counts whereas the two higher (3-4) serve as estimates.  
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Figure 4. Photos of foraminifera species used (or attempted) in isotopic analysis. White line for scale is 100 µm and the written size ranges indicate where they were found. Dbsf=Depth 

beneath sea floor. 
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Furthermore, no attempt has been made to correct for vital effects, e.g. by adding species isotopic 

'adjustment factors' as is done in some previous studies (e.g. Chauhan et al., 2016). Part of this study is 

to explore such interspecies differences in benthic foraminifera.  

To test reproducibility of the stable isotope results, repeat analyses were made at eight different depths 

(Table 3) in TC/PC-03 and PC-07. All repeat analyses were made on the benthic species C. wuellerstorfi 

and each measurement contained 2–5 individuals. Repeat measurements were averaged (sum of values 

÷ number of repeats) to a single value when used in downcore plots.  

For PS92/54-1, downcore stable isotope differences (Δ) between maxima (δ18Omax/δ13Cmax) and minima 

(δ18Omin/δ13Cmin) was calculated. δ18Omax/δ13Cmax represent the highest downcore value and 

δ18Omin/δ13Cmin represent the lowest for each species. This was done to illustrate the magnitude of change 

over time, to see if it is comparable to the global benthic stack by Lisiecki and Raymo (2005). 

4. Results 
The results are described site by site. Complete stable isotope sample tables are available in the 

Appendix.  

4.1 Replicate analyses  

The analyses revealed that variability within a single depth interval (Figure 5) was greatest in TC-03 

(at 14–16 cm depth) where the difference between δ18Omax and δ18Omin was 0.47 ‰, and δ13Cmax and 

δ13Cmin was 0.39 ‰. This was also the depth with most number of replicates (5). 

4.2 Multi-species core top samples 

New multi-species (benthic and planktic) foraminiferal stable isotope data from LOMROG I cruise sites 

on the MJR (PC-08) and Lomonosov Ridge off Greenland (PC-04) core top samples were supplemented 

by new benthic and planktic foraminiferal stable isotope data from the central Lomonosov Ridge 

(LOMROG III cruise: TC-03) core top samples (Figure 6). The seven distinct species group and cluster 

around unique centre values despite being retrieved from three different localities. Infaunal species O. 

tener has the lowest δ13C (ca -0.9 ‰) whereas infaunal C. neoteretis, epifaunal Triloculina sp., epifaunal 

Q. arctica and planktic N. pachyderma have comparable δ13C at ca 0.9 ‰. Epifaunal C. wuellerstorfi  

 

Table 3. Replicate measurements from the LOMROG III cores. Each 

measurement contained 2–5 individuals of benthic foraminifera species  

C. wuellerstorfi. 
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Figure 5. Carbon and oxygen stable isotope cross plot containing repeat measurements from LOMROG III cores 

TC/PC-03 and PC-07. All measurements were made on benthic species C. wuellerstorfi and each colour in the plot 

correspond to a single depth interval (beneath sea floor).  

 

Figure 6. Carbon and oxygen stable isotope cross plot containing measurements for PC-04 (circles), PC-08 (triangles) 

and TC-03 (squares) core top multi species samples. PC-04 and PC-08 samples come from 4–5 and 8–9 cm depth 

beneath sea floor. TC-03 samples come from 7–9 and 14–16 cm depth beneath sea floor.  
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has one δ13C measurement at 1 ‰ and one at 2 ‰. The two species where δ13C is consistently high, are 

infaunal S. concava and epifaunal Triloculina sp., both having δ13C of ca 0.7 ‰. In general, the δ18O 

range is large, ca 3.3 ‰. The largest range within a single species (ca 1.6 ‰) is found in planktic N. 

pachyderma, which also has notably low δ18O (ca 3.1 ‰). Triloculina sp. and Q. arctica has very low 

δ18O around 2.5 ‰ and 3.1 ‰ respectively. Cibicidoides wuellerstorfi has δ18O of ca 4 ‰ whereas O. 

tener (ca 4.6 ‰), C. neoteretis (ca 5 ‰) and S. concava (ca 5.6 ‰) have higher values. As these are all 

core top samples, benthic δ18O ranges are generally low (<1 ‰) within a single species. 

 

4.3 Lomonosov Ridge downcore records (LOMROG III; TC/PC-03 and PC-07) 

New LOMROG III downcore data (δ18O and δ13C) from this study were plotted alongside existing 

magnetic susceptibility, bulk density and foraminifera relative abundance data (Figure 7). All 

measurements (unless indicated otherwise in the plot) are from benthic species C. wuellerstorfi.  

This 2.21 m record from TC/PC-03 has a slight overlap between the trigger core and piston core (Figure 

7). Planktic and benthic foraminifera abundances diminish downcore, but importantly calcareous 

material is preserved to near the base of the core. The foraminifera abundances anti-correlates with bulk 

density and magnetic susceptibility. Unfortunately, only 16 sample depths had high enough abundances 

for the large sample aliquots needed for stable isotope measurements at the SIL lab. To a first order, 

foraminifera tend to occur in the low bulk density, Mn-enriched (dark brown) bioturbated intervals of 

the core, often indicative of interglacial sedimentation on the Lomonosov Ridge. The newly generated 

benthic foraminiferal δ18O/δ13C measurements have relatively high sample resolution in the top 0.91 m 

of the cores, and between 1.36 and 1.61 mbsf. However, sample resolution is low (to non-existing) in 

the rest of TC/PC-03. δ18O for C. wuellerstorfi varies downcore by 1.93 ‰ (between 4.52 ‰ at 1.61 m 

depth and 2.59 ‰ at 1.41 m depth) (Figure 7). Amplitude variations in δ18O are greater below 0.83 m. 

From 0.83 m and above, δ18O values are stable around 3.8 ‰. The single C. neoteretis measurement (at 

2.21 m depth) has higher δ18O and lower δ13C than C. wuellerstorfi from the same depth, consistent 

with the multi-species core top samples. Carbon isotope values (δ13C) average 1.4 ‰, the maxima is 

found at 0.72 m depth (δ13C 1.68 ‰) and the minima is at 1.51 m depth (δ13C 1.03 ‰).  

The benthic foraminiferal stable isotope data from PC-07 spans 1.72 m and has lower sample resolution 

than TC/PC-03. Here, planktic foraminifera were abundant in the upper 1.72 m, disappeared between 

2.51 and 3.54 m, and then reappeared in small numbers near the base of the core (Figure 7). Similarly, 

occurrences of benthic foraminifera were restricted to the upper 1.72 m, thus limiting isotopic analyses 

at the SIL lab to that part of the core. A gradual decrease in magnetic susceptibility from ca 2.5 to ca 2 

mbsf occurs before the first benthic appearances and high planktic abundances. Peaks in bulk density 

within the upper 2 m (at ca 1.4 and 0.75 mbsf are coeval with lower foraminifera abundances. The range 

of δ18O is 1.17 ‰ for C. wuellerstorfi, (maximum 4.45 ‰ at 0.47 mbsf and minimum 3.28 ‰ at 0.32 

mbsf) (Figure 7). The latter was averaged from multiple samples (Appendix 2). δ13C values in C. 

wuellerstorfi range between 1.71 ‰ (at 0.17 mbsf) and 0.89 ‰ (at 0.32 mbsf), these are also averaged 

from multiple samples (Appendix 2). Two depths contain measurements from O. tener. These have 

higher δ18O and significantly lower δ13C than the average C. wuellerstorfi measurements from this core. 

In the upper half of PC-07 carbon and oxygen isotope values are in phase.  
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Figure 7. LOMROG III TC/PC-03 (left) and PC-07 (right) oxygen (blue lines and markers) and carbon (red lines and markers) stable isotopic values from new measurements on benthic 

species C. wuellerstorfi (unless indicated otherwise). Here plotted together with foraminiferal abundances and Multi Sensor Core Logging data that was gathered prior to this study. 

TC/PC-03 has a slight overlap. At depths where duplicates were taken (see Methods for location, amount and approach), the isotopic values have been averaged (see Figure 5 for 

variability within single depths). Both plots show the same general trend where δ18O and δ13C covary.  
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4.4 Yermak Plateau downcore record (PS92/54-1) 

The benthic and planktic stable isotope data from PS92/54-1 spans 5.18 m. Its relatively high 

foraminifera abundances and species diversity allowed for a more complete (multi-species) downcore 

record to be created. Using the preliminary age model for PS92/54-1 (Wiers, in prep.), the basal age of 

this record is ca 160 ka (in MIS 6). Plotted against age, the new data on coarse fraction content and 

foraminifera abundances is shown alongside magnetic susceptibility (k), bulk density and ARM/k from 

(Wiers, in prep.) (Figure 8). Magnetic susceptibility and bulk density change concurrently with ARM/k 

(from which the age model primarily was derived). Adding the data from this study, coarse fraction 

content (>63 μm) is high in both MIS 6 and in late MIS 3, with smaller excursions occurring at the MIS 

5/4 transition and in mid-part MIS 2. The highest foraminiferal abundances (both planktic and benthic) 

are rather surprisingly found in upper MIS 6 and late MIS 3. Foraminiferal occurrences in MIS 5, MIS 

4 and early MIS 3 are only intermittent and are absent in MIS 2 and the lower half of MIS 1. 

Agglutinated (benthic) foraminifera were dominant in the top 0.38 m of the core, but absent below this 

depth.  

New multi-species stable isotopic results were generated on five species (C. lobatulus, C. neoteretis, C. 

wuellerstorfi, N. pachyderma and O. tener) of foraminifera. Downcore isotopic records are shown 

against the age model by Wiers (in prep.) and the interpreted MISs (Figure 9). The most continuous 

records exist in MIS 6 and MIS 3. The individual species of foraminifera that could generate the most 

continuous record was planktic N. pachyderma, followed by the benthics: C. neoteretis, C. lobatulus, 

O. tener and C. wuellerstorfi. The magnitude of change for each species was calculated (Table 4) to 

illustrate variability within a single species and given time frame (ca 160 ka). Table 4 is to be used in 

combination with Figure 9 so that the reader gets a sense of the recurrence frequency of larger 

excursions. Similar to the core top multi-species data, infaunal O. tener has consistently lower δ13C than 

the other species. Here at Yermak Plateau it is even lower (ca -1.5 ‰) than the Lomonosov Ridge and 

Morris Jesup Rise core tops (ca -1 ‰). The second lowest δ13C is present in infaunal C. neoteretis (ca 

-0.5 ‰). Planktic N. pachyderma δ13C is at ca 0 ‰ and epifaunal C. lobatulus have δ13C values that 

vary around ca 1.7 ‰. Cibicidoides wuellerstorfi is only represented by two measurements. However, 

those have δ13C of ca 1.6 ‰, similar to the core top multi-species samples. Magnitude of δ13C change 

is largest in C. neoteretis and lowest in N. pachyderma (if not considering C. wuellerstorfi).  

Cassidulina neoteretis has the most continuous benthic δ18O record for this site. The values vary 

between 5.72 and 4.65 ‰ (Δ δ18O 1.07 ‰). If compared to the planktic record, changes are concurrent 

even though the magnitude of change is greater with the planktics (Δ δ18O 1.64 ‰). Cibicides lobatulus 

δ18O values appear to track N. pachyderma to a high degree between 2.11 and 1.15 mbsf. Unfortunately, 

the C. lobatulus record is too fragmented to expand this observation downcore. Values vary between 

4.97 and 3.96 (Δ δ18O 1.01 ‰). Oridorsalis tener has a mere 19 data points over the 5.18 m of core 

length, making any correlation unsatisfactory. The variability is between 5.22 ‰ (at 4.54 mbsf) and 

3.04 ‰ (at 2.84 mbsf) (Δ δ18O 2.18 ‰). The two C. wuellerstorfi measurements are not helpful when 

discerning millennial scale glacial cycles. However, they increase certainty regarding species reliability 

in upcoming figures. Infaunal O. tener has the largest benthic foraminiferal Δ δ18O, much owing to a 

single measurement at 2.84 mbsf. Planktic N. pachyderma has relatively high Δ δ18O too. These two 

same species had the highest Δ δ18O in the core top multi-species samples as well. The lower Δ δ18O of 

infaunal C. neoteretis and epifaunal C. lobatulus makes comparison with glacial cycles (with expected 

Δ δ18O of ca 2 ‰) difficult.  

If attempting to walk through the δ18O data from PS92/54-1, there is a clear gradual trend toward higher 

values from the bottom of the core to 4.54 mbsf. At 4.50 mbsf, C. lobatulus, C. neoteretis and N. 

pachyderma decrease. Neogloboquadrina pachyderma jumps down to 3.52 ‰ at its next datapoint



23 

 

  

Figure 8. Foraminifera abundances and coarse fraction results from core PS92/54-1. Depth scale in meters beneath sea floor (mbsf). New data include foraminifera abundances and coarse 

fraction data whereas magnetic susceptibility, bulk density and ARM/k was gathered prior to this study. Foraminifera relative abundances are translated to numbers between 0 and 4 as 

described in Table 2. From the previous data, Wiers (in prep.) proposes the age model and assignment of MISs that is presented next to the right Y axis. Interpreted MIS transitions at 14, 29, 

57, 71 and 130 ka. 
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Table 4. Amount of carbon and oxygen stable isotope measurements (n) from PS92/54-1. Magnitude of change (Δ) 

refers to the δ18O/δ13C amplitude variability in each species over the entire core, in ‰ vs PDB.   

 

  

 
n δ18Omax δ18Omin Δ δ18O δ13Cmax δ13Cmin Δ δ13C 

N. pachyderma 65 4.63 2.99 1.64 0.87 -0.17 1.04 

C. neoteretis 50 5.72 4.65 1.07 0.65 -0.90 1.55 

C. lobatulus 25 4.97 3.96 1.01 2.20 1.20 1.00 

O. tener 19 5.22 3.04 2.18 -0.79 -2.26 1.47 

C. wuellerstorfi 2 3.75 4.25 0.50 1.59 1.42 0.17 

Figure 9. Stable isotope downcore data from PS92/54-1 from five species of planktic and benthic foraminifera. The only planktic 

species is N. pachyderma whereas the benthics are represented by C. lobatulus, C. wuellerstorfi, O. tener and C. neoteretis. Here 

plotted against the age model by Wiers (in prep.). Interpreted MIS transitions at 14, 29, 57, 71 and 130 ka. 

Amount of carbon and oxygen stable isotope measurements (n) from PS92/54-1. Magnitude of change (Δ) refers to the δ18O/δ13C 

amplitude variability in each species over the entire core, in ‰ vs PDB.   
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 (4.38 mbsf). Between 4.38 and 3.48 mbsf, the isotopic record is sparse, but C. neoteretis and N. 

pachyderma appears to covary. From 3.48 to 1.35 mbsf, all species appear to decrease gradually up 

until a crest (N. pachyderma at 2.48 mbsf, δ18O 3.41 ‰), before progressively increasing to 1.35 mbsf 

(C. lobatulus, δ18O 2.20 ‰). The trend between 1.35 and 1.12 mbsf is a relatively rapid increase before 

the foraminiferal record disappears. It reappears with four data points over three depths between 0.17 

and 0.09 mbsf, with notably lower values than found downcore. Interspecies isotopic offsets render 

consequently higher values for C. neoteretis than any other benthic species at this site. Oridorsalis tener 

has slightly lower values than whereas N. pachyderma and C. lobatulus have similar δ18O. Cibicidoides 

wuellerstorfi δ18O is higher than N. pachyderma but lower than C. neoteretis. These findings are 

consistent with the core top multi-species samples in this study.  

5. Discussion 

5.1 Replicate analyses 

Replicate analyses illustrate variability and increase reliability of stable isotopic analysis. The new 

Lomonosov Ridge C. wuellerstorfi replicate measurements from eight depths presented in this thesis 

(Figure 5) demonstrate variability maxima within a single depth interval of ca ±0.45 ‰ δ18O and ca 

±0.2 ‰ δ13C (both from TC-03, 14–16 cm beneath sea floor). Analytical precision is σ 0.15 ‰ for δ18O 

and σ 0.07 ‰ for δ13C. High variability (σ 0.34‰) was also seen in δ13C measurements on benthic C. 

lobatulus and C. wuellerstorfi from SW Svalbard in a study by Mackensen et al. (2017), whereas Aksu 

and Vilks (1988) found reproducibility of Arctic Ocean C. wuellerstorfi to be a mere ±0.04 ‰ for δ18O 

and ±0.06 ‰ for δ13C. Although glacial interglacial δ18O changes are on the order of 2 ‰, consequent 

offsets of ca 0.4 ‰ would complicate the interpretation of a downcore isotopic record. However, the 

other C. wuellerstorfi replicate measurements do not display the same variability (ca 0.2 ‰ for δ18O 

and ca 0.1 ‰ for δ13C) (Figure 5). Furthermore, several of the newly generated downcore stable isotopic 

data points from TC/PC-03 and PC-07 in this thesis are averages of 2–5 replicate analyses, containing 

2–5 individuals each, from the same depths and species (C. wuellerstorfi), thus increasing reliability. 

Finally, the PS92/54-1 isotopic record is strengthened by the multi-species approach, where multiple 

species of foraminifera are analysed within a single depth interval to minimize interpretation errors 

caused by fractionation effects in a single species (Birch et al., 2013). Stable isotopic variability has not 

been tested in additional species in this study, so the reliability of C. wuellerstorfi cannot be compared 

in relation to other benthic foraminifera. However, performed replicate analyses illustrate variability 

and increase reliability.  

 

5.2 Lomonosov Ridge Isotope Stratigraphy 

Foraminifera abundances in both TC/PC-03 and PC-07 follow the general trend in Arctic Ocean 

sediment cores (Hanslik, 2011) with diminishing counts downcore, and elevated abundances in dark-

brown, bioturbated, Mn-enriched intervals with low bulk density (Figure 7). Abundances were too low 

below 2.21 mbsf (TC/PC-03) and 1.72 mbsf (PC-07) in these records to permit a longer and more 

continuous isotope stratigraphies from being constructed (Figure 7). TC/PC-03 has a few isotope 

measurements that extend down to what is believed to be MIS 11 or older. While PC-07 only has 

measurements in sediments from MIS 1–5, based on regional lithostratigraphic correlations and 

preliminary, unpublished age models (Matt O’Regan, personal communication). 

 

The finding of rather abundant benthic species C. wuellerstorfi in both these cores is consistent with it 

being a deep-water species since Wollenburg and Mackensen (1998a) observed it at those depths (1500–
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3000 m). Even though glacial δ18O levels occur at several depths (1.36, 1.61, 2.21 mbsf) in TC/PC-03 

and (0.47, 0.98 and 1.68 mbsf) in PC-07, the δ18O magnitude of change is only sufficient in TC/ PC-03 

(1.93 ‰) to record MISs, but not in PC-07 (1 ‰). An eye-catching feature in TC/PC-03 is the top 0.83 

mbsf. There, δ18O values in C. wuellerstorfi are relatively stable during, what is interpreted as MIS 5 

and late MIS 3-1, with a barren, coarser grained interval separating these interglacials and interstadials 

(Figure 7).  

 

High planktic Arctic Ocean δ13C is generally regarded as an indicator of well-ventilated water masses 

(e.g. Atlantic Water and shelf water masses that are seasonally ice free) and primary productivity 

(Spielhagen and Erlenkeuser, 1994; Xiao et al., 2014). However, Xiao et al. (2014) found δ13C in 

planktic foraminifera from seasonally ice-free shelves and Fram Strait to have low δ13C compared with 

central Arctic. They speculated that this was a result of CO2 equilibrating faster than δ13C combined 

with the introduction of δ13C depleted riverine discharge. Variability in benthic δ13C at these central 

Lomonosov Ridge sites could reflect changes in any of these potential influencers. δ18O and δ13C values 

seem to covary, possibly reflecting increased primary productivity during warmer climates, resulting in 

increased transport of 12C to bottom waters. It has also been hypothesized (Kennett et al., 2000) that 

methane seepage during warmer climates would lower the δ13C of bottom waters, but in an effort to test 

this on C. wuellerstorfi from the Fram Strait, Mackensen et al. (2017) found no such relationship.  

 

The rather sparse downcore sampling, and poor existing age models, makes it difficult to interpret the 

generated isotope stratigraphies from these two sites. The data is useful for looking at regional and 

interspecies differences in benthic foram isotopes (section 5.4). 

 

5.3 Yermak Plateau - Isotope Stratigraphy 

The age model for PS92/54-1 is based on correlating the ARM/k with the LR04 stack, supported by a 

few 14C dates, and the occurrence of the benthic foram B. aculeata in MIS 5 (Wiers, in prep.). During 

the inferred glacial periods and deglaciations, increased IRD input increases the overall grain size, and 

is reflected by higher bulk density (Weber et al., 1997). This influx of IRD is seen in the bulk density 

and coarse fraction measurements most notably in MIS 6, and late MIS 3. During MIS 4 and 2, bulk 

density and coarse fraction content remain unexpectedly low. This is also seen in downcore 

interpretations by Sellén et al. (2010) and Dowdeswell et al. (2010) on other records from the Yermak 

Plateau. Similarly, Spielhagen et al. (2004) report low coarse fraction content in MIS 4 from core 

PS1533-3 (Figure 1) and high coarse fraction content in MIS 6. Finally, Chauhan et al. (2014) place 

MIS 4 in a part of their Yermak Plateau core (JM10-02GC) with low magnetic susceptibility, which 

adds to consistency regarding MIS 4 being a glacial with low magnetic susceptibility and limited supply 

of IRD, even though Chauhan et al. (2014) does record a peak in IRD (>150 µm fraction) input at the 

MIS 4/3 transition.  

 

Contrary to many other Arctic Ocean cores where coarse fraction abundance (IRD) and foraminifera 

abundances strongly anti-correlate (Nørgaard-Pedersen et al., 1998, 2003; Spielhagen et al., 2004), 

foraminifera abundances are low in PS92/54-1 during the interval interpreted as MIS 5, and high in 

MIS 6 and 3 (Figure 7). Chauhan et al. (2014) note a similar pattern in JM10-02GC on the Yermak 

Plateau (Figure 1) and explain the high abundances during glacials as associations of High-Productivity 

zones related to increased advection of Atlantic Water and retreat of the sea ice margin, or to polynya 

formation and downwelling in front of the expanded Svalbard-Barents Sea ice sheet. The low calcareous 

foraminifera abundances during MIS 5 and the presence of agglutinated foraminifera in MIS 1 suggest 

dissolution caused by enhanced food delivery to the seafloor (Wollenburg et al., 2001). 
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Planktic and benthic δ18O results are expectedly low during interglacials and high during glacials 

throughout the core — except for MIS 4 and parts of MIS 3 (Figure 8). Comparable work from the 

Yermak Plateau has been done by Spielhagen et al. (2004), who generated a 200 ka planktic (N. 

pachyderma sinistral) δ18O record from a nearby core (PS1533-3) (Figure 1). Chauhan et al. (2014, 

2016) generated both planktic (N. pachyderma sinistral) and benthic (C. neoteretis, C. lobatulus, 

Islandiella norcrossi and Melonis barleeanus) δ18O records spanning 132 ka and 74 ka respectively.  

 

Isotopic data from PS92/54-1 were compared with N. pachyderma δ18O/δ13C from PS1533-3 

(Spielhagen et al., 2004) (Figure 10). In general, there is reasonable agreement in the trends of N. 

pachyderma across the last two glacial cycles. The δ18O of MIS 6 trend to higher values toward the MIS 

6/5 transition in both cores and the initial drop in MIS 5 is also captured. A notable but small discrepancy 

exists in MIS 4 where PS1533-3 give glacial δ18O values of ca 4.5 ‰ and PS92/54-1 show lower values 

of ca 3.8 ‰. The relatively low δ18O values from the new PS92/54-1 record during inferred MIS 4 is  

Figure 10. Stable isotope data from the Yermak Plateau (PS92/54-1 and PS1533-3 [Spielhagen et al., 2004]) based on measurements 

of planktic species N. pachyderma plotted against age. The proposed age model from Wiers (in prep.) was used for PS92/54-1 and 

interpreted MIS transitions are at 14, 29, 57, 71 and 130 ka. 

Amount of carbon and oxygen stable isotope measurements (n) from PS92/54-1. Magnitude of change (Δ) refers to the δ18O/δ13C 

amplitude variability in each species over the entire core, in ‰ vs PDB.   
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also seen in both benthic Yermak Plateau records from Chauhan et al. (2014, 2016). The MIS 3 δ18O 

record from PS92/54-1 does show a gradual increase toward glacial values. Similar increases in δ18O 

are seen in the planktic records of all three cores from the Yermak Plateau whereas the benthic records 

show more variability, and limited evidence for typical δ18O driven glacial cycles. The differences in 

both δ18O and δ13C during MIS 4 could have several explanations. Planktic foraminifera record signals 

from salinity changes and freshwater pulses that affect the near surface waters, that already exhibit 

strong geographic gradients across the Arctic (Spielhagen et al., 2004). Spielhagen et al. (2004) explains 

the PS1533-3 negative planktic δ18O excursions in MIS 3 as caused by freshwater releases from ice 

dammed lakes. This explanation could be applicable to the offset between PS92/54-1 and PS1533-3 

planktic δ18O in MIS 4. The differences may also be related to the regional differences in δ18O (2.9–3.9 

‰) and δ13C (<0.4–0.7 ‰) for the modern Yermak Plateau (Spielhagen and Erlenkeuser, 1994; Xiao et 

al. 2014), that may have been even larger in the past. 

 

Gusev et al. (2017) studied downcore stable isotopes in planktic and benthic foraminifera from the 

Mendeleev Rise and hypothesized that Arctic Ocean δ18O anti-correlated with the rest of World oceans. 

From their data, they argued that a lowering of the global sea level would cut off the Arctic Ocean from 

saline waters during glacials, thus increasing the proportion of fresh water influx to the Arctic Ocean. 

This hypothesis is not supported by the δ18O findings from the Yermak Plateau, since the benthic data 

are highly variable but the planktonic foraminifera data (N. pachyderma) produce a coherent set of δ18O 

glacial cycles where carbonate is preserved. 

 

5.3.1 Correlating records from the Yermak Plateau and Morris Jesup Rise  

The most extensive and complete late Quaternary isotope stratigraphies exist from the sediment cores 

on the Yermak Plateau and Hanslik (2011) records from the MJR and Lomonosov Ridge north of 

Greenland. Hanslik (2011) presented unpublished downcore benthic (C. neoteretis) and planktic (N. 

pachyderma sinistral) stable isotope records in her PhD thesis from the Lomonosov Ridge (PC-04) and 

the MJR (PC-08) cores (Figure 1). These records were interpreted to extend beyond >MIS 7 based on 

amino acid racemization, AMS 14C and biostratigraphic markers. The benthic δ18O range is relatively 

low (ca 1.5 ‰ in both cores), especially in the top 2 m of PC-04 (ca 0.5 ‰) which is interpreted to 

cover MIS 1–5.5. Planktic δ18O is more variable in both PC-04 (2.75 ‰) and PC-08 (2 ‰). The 

difference between planktics and benthics could be the result of salinity changes in the Polar Mixed 

Layer and Halocline. Those changes affect the δ18O of ambient seawater in the planktic foraminifera 

habitat as salinity and δ18O has an almost linear correlation (Spielhagen and Erlenkeuser, 1994). 

 

Arctic Ocean planktic foraminifer abundance is influenced by food availability, salinity and ice 

coverage. Better food availability, lower salinities (Volkmann, 2000) and ice margin conditions 

(Carstens et al., 1997) increase N. pachyderma abundances. Furthermore, N. pachyderma has been 

found to migrate to shallower depths (0-50 m) under sea ice compared to open water conditions 

(Volkmann, 2000; Xiao et al., 2014). Relative abundances between N. pachyderma and T. quinqueloba 

is a function of complex water mass interactions rather than a function of the factors influencing total 

abundances (Volkmann, 2000). Opposite from what is seen in PS92/54-1, the foraminiferal abundance 

is higher in interglacials compared to glacials (Figure 11). This can in part explain the low range of δ18O 

compared to the LR04 stack, as no foraminifera occur during peak glacial periods. The relatively low 

planktic δ18O during periods interpreted as interglacials are more pronounced in PC-04 and PC-08 than 

in PS92/54-1. However, when the negative excursions are not reflected in the benthic δ18O record (PC-

04; MIS 3 and MIS 5), they are more likely to be a surface freshwater signal than a global ice volume  
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Figure 11. PS92/54-1 stable isotopic values correlated with unpublished LOMROG I data (Hanslik, 2011) from Lomonosov Ridge (PC-04) and the MJR (PC-08). All benthic data comes from 

C. neoteretis whereas the planktic data comes from N. pachyderma. Marine Isotope Stages were correlated using the age model by Wiers (in prep.) for PS92/54-1 and the Hanslik (2011) age 

model for the LOMROG I cores.  



31 

 

signal. Relatively low values in both planktic and benthic δ18O are found in PC-08 (MIS 5.5, MIS 5.1 

and MIS 3), thus imply a global ice sheet volume signal in C. neoteretis δ18O that is not seen in parts of 

PS92/54-1. 

 

Although the relatively large interglacial excursions in MIS 7 (Δ δ18O 1.35 ‰) in PC-04 (Lomonosov 

Ridge) and in MIS 3 (Δ δ18O 1.33 ‰) in PC-08 (MJR) suggest that C. neoteretis is capturing a global 

ice volume related signature, this is still not consistently seen in all interglacial periods in these records. 

Generating a composite stacked benthic δ18O record would require the analysis and incorporation of far 

more than two sediment cores to understand the origin and overcome these differences. The relatively 

low N. pachyderma δ18O values (2-3 ‰) from the Lomonosov Ridge (PC-04) and the MJR (PC-08) are 

supported by recent core top measurements (Xiao et al., 2014) from those areas. They reveal a general 

modern Arctic Ocean structure of shelf areas with seasonally ice-free waters having high δ18O and low 

δ13C whereas the central deep ocean underlying perennial sea ice has low δ18O and high δ13C. This is 

possibly a result of a deepening of the Halocline, shallower N. pachyderma habitat (Volkmann, 2000) 

and reduced gas exchange under the perennial sea ice (Xiao et al., 2014). δ13C is expectedly higher for 

N. pachyderma than C. neoteretis since downward transport of δ13C depleted organic material affects 

the ambient seawater.  

 

5.4 Interspecies comparisons 

An important question relevant to one of the primary objectives of this study is, are the newly generated 

benthic and planktic δ18O records comparable with the LR04 global benthic stack created by Lisiecki 

and Raymo (2005) (Figure 3), and which species has the best ‘fit’? Sample resolution in O. tener is too 

poor to discern any real trends (Figure 9), and the lowest recorded δ18O value occurs in the middle of a 

glacial (MIS 4), which is inconsistent with the δ18O glacial stratigraphy framework. Cibicides lobatulus 

has decent resolution in late MIS 3 and 6. In those intervals, the δ18O shows good correlation with N. 

pachyderma.  

 

Neogloboquadrina pachyderma is the only species that has both resolution and high enough magnitude 

of change (1.64 ‰ δ18O) to potentially track the LR04 δ18O stack. The benthic species with highest 

resolution is C. neoteretis, and that record has therefore been compared with N. pachyderma from this 

site, PS1533-3 (Spielhagen et al., 2004) and the LR04 stack (Figure 12). δ18O of shallow infaunal C. 

neoteretis in PS92/54-1 is constantly 0.5–1 ‰ above the LR04 stack. This could be a temperature signal 

as the low temperatures of Arctic Deep Water are cooler than lower latitude deep waters (Aksu and 

Vilks, 1988) and needs Arctic corrections (Shackleton, 1974) if comparing to equilibrium calcite. The 

0.5–1 ‰ roughly corresponds to a temperature difference of 2–4 °C using the equation (T=16.9-4[δ18Oc-

δ18Ow]) by Shackleton (1974). As global ocean water has a mean temperature of ca 3 °C and Arctic 

Deep Water at the Yermak Plateau has a temperature of ca -1 °C (Figure 2d), the difference is reasonable 

during interglacial and interstadial periods. However, this does not explain the smaller (ca 0.25–0.5 ‰) 

offset observed between glacials (i.e. MIS 6) and interglacials (MIS 5). 

 

In MIS 6, where samples are most continuous, the C. neoteretis record captures the gradual δ18O 

increase and the rapid turn to lower values at the MIS 6/5 transition. The magnitude of δ18O change, 

however, stays low, only 1.07 ‰ compared to the expected 2 ‰. Possibly since C. neoteretis is absent 

in the periods expected to yield the lowest values (lower MIS 5 and MIS 1). The MIS 6/5 transition is 

also clearly seen in both PS1533-3 and PS92/54-1 planktic records from the Yermak Plateau. Both 

planktic records have δ18O that is lower than the LR04 benthic stack by ca 0.5 ‰ in MIS 6 but does not 
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quite reach the lowest δ18O values (ca 3 ‰) in MIS 5 in LR04. It is uncertain whether offset in δ18O 

recorded in N. pachyderma during lower MIS 5 is real, or an artifact of poor sampling resolution.  

 

Surprisingly, the planktic records provide a better fit with the LR04 stack than the C. neoteretis benthic 

record, even though surface waters are expected to have more variable temperature and salinity 

properties. Bauch et al. (1997) found that the N. pachyderma calcification depth was 100–200 m, which  

 

is deeper than the habitat depth, making δ18O measurements more suitable for indicating sub-surface 

water mass changes rather than upper surface ocean reconstructions. Calcification depths of 100–200 

m would place N. pachyderma in Atlantic Water (Figure 2d), which may be more stable. This, and the 

newly generated δ18O N. pachyderma record from the Yermak Plateau, support the potential of N. 

pachyderma for producing Arctic δ18O chemostratigraphies that can be compared to global benthic δ18O 

stacks, as well as other Arctic Ocean records. Benthic taxa, on the other hand, are more variable in terms 

of abundance and recurrence.  

 

With the ambition to highlight species vital effects, a δ18O vs δ13C cross-plot was constructed (Figure 

13) containing every successful isotope measurement generated in this study. The different species have 

δ18O vs δ13C values that tend to cluster in separate regions of the plot. This type of species-based 

clustering is related to vital effects. Vital effects are species-specific offsets from equilibrium δ18O/ δ13C 

of ambient seawater that are dependent on ecology, ontogenic differences, seasonal variability and 

Figure 12. Stable isotope data from PS92/54-1 plotted with PS1533-3 (Spielhagen, et al., 2004) and benthic stack LR04 

(Lisiecki & Raymo, 2005). Age models come from the separate papers except PS92/54-1 data which uses the proposed 

age model from Wiers (in prep.).  
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fractionation effects during test formation. Each species δ18O and δ13C values indicate different 

ecological niches. Epifaunal species (such as C. wuellerstorfi and C. lobatulus) record equilibrium 

δ13Cseawater values better than infaunal species (such as O. tener and C. neoteretis) since reoxidation of 

δ13C depleted biomatter lowers δ13C within sediment.  

 

Vital effects that affect δ18O, include fractionation effects and salinity changes (the latter mostly causing 

offsets in planktic N. pachyderma from benthic δ18O). Cibicides lobatulus and C. wuellerstorfi share 

vital effects to a greater extent than any other two species since their values overlap (Figure 13) and 

since they share habitat as epifaunal species. Infaunal C. neoteretis has consequently higher δ18O values, 

followed by O. tener, N. pachyderma, C. lobatulus and C. wuellerstorfi. Infaunal species O. tener has 

the lowest δ13C values, followed by C. neoteretis, N. pachyderma, C. wuellerstorfi, C. lobatulus, S. 

concava and Triloculina sp. Stainforthia concava, Triloculina sp. and Q. arctica, generally not used for 

creating chemostratigraphies, but sometimes common components of Arctic marine sediment samples 

and assemblages, are represented by only a few data points here. The results suggest that S. concava, 

Triloculina sp. and Q. arctica have anomalous δ18O compared to the five main (C. wuellerstorfi, C. 

lobatulus, N. pachyderma, C. neoteretis and O. tener) species; Triloculina sp. and Q. arctica have 

Figure 13. Carbon and oxygen stable isotope cross plot containing all measurements from the eight investigated species used in 

this study: PS92/54-1 (markers without borders), PC-04 (circular markers with black borders), PC-08 (triangles), TC/PC-03 and 

PC-07 data (squares). All are benthic species except N. pachyderma, which is planktic. Markers for Triloculina sp., S. concava 

and Q. arctica are enlarged for illustrative purposes.  
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significantly lower δ18O, whereas S. concava has significantly higher δ18O, although this is only 

documented by 1 or 2 analyses. The planktic species N. pachyderma has the greatest range in δ18O (2.36 

‰), much owing to two Lomonosov Ridge samples.  

 

Interpreting δ13C is often complex due to habitat-related vital effects. In their study from SW Svalbard, 

Mackensen et al. (2017) confirmed the 1:1 relationship between δ13C of C. lobatulus, C. wuellerstorfi 

and the δ13C of dissolved inorganic carbon (δ13CDIC) in seawater. Cassidulina neoteretis and O. tener 

has consequently lower δ13C than those species in this study (Figure 13), possibly due to decomposition 

of organic matter in the infaunal environment that they inhabit (Fontanier et al., 2006). Similarly, Pados 

et al. (2015) observed average offsets from δ13CDIC of -1.6 ± 0.7 ‰ in N. pachyderma from the Fram 

Strait. Adding 1.6 ‰ to PS92/54-1 N. pachyderma δ13C would place N. pachyderma δ13C values in 

similar range as δ13C of C. wuellerstorfi and C. lobatulus at that site, despite planktics and benthics 

inhabiting different water masses. The slightly higher planktic δ13C values from PC-04 and PC-08 result 

from regional Arctic Ocean differences in δ13CDIC, as inferred by Xiao et al. (2014). They describe 

δ13CDIC as dependent on (1) sea ice cover, which hinders equilibration with the atmosphere and lowers 

primary productivity, and (2) riverine input which adds δ13C depleted water to the shelf areas. Since S. 

concava, Triloculina sp., and Q. arctica have comparable δ13C with C. wuellerstorfi and C. lobatulus, 

these species might record δ13C of seawater without offsets. Further studies are required to test whether 

this relationship holds. 

 

The interspecies offsets in δ18O are smaller (Figure 13), than those observed in δ13C. Major Arctic Ocean 

controls on foraminiferal δ18O include global ice sheet volume (Shackleton, 1967), temperature 

(Emiliani, 1955; Urey, 1947) and salinity (Carstens et al., 1997; Spielhagen and Erlenkeuser, 1994; 

Volkmann and Mensch, 2001). Katz et al. (2003) report early Cenozoic Oridorsalis spp. recording 

equilibrium values of δ18Oseawater. In a less recent study, but with a more relevant time frame (core tops), 

Graham et al. (1981) found offsets from equilibrium δ18Oseawater of -0.4 ‰ in O. tener. In contrast, C. 

wuellerstorfi has an offset of ca 0.64 ‰ from Oridorsalis spp. (Graham et al., 1981). Chauhan et al. 

(2016) used correction factors (to correct to equilibrium δ18O calcite values) on benthic foraminifera of 

+0.64 and +0.16 ‰ for C. lobatulus and C. neoteretis respectively, based on Duplessy et al. (1980) and 

Poole, et al. (1994). Applying these corrections to C. lobatulus and C. neoteretis in Figure 13 would 

certainly mitigate some of the benthic interspecies differences in δ18O.  

 

For N. pachyderma, the offset from equilibrium δ18Oseawater has been inferred to ca 1 ‰ in studies from 

the Fram Strait/Yermak Plateau (Volkmann and Mensch, 2001) and the Nansen Basin (Bauch et al., 

1997). Correcting the N. pachyderma data from this study with -1 ‰ would place results from each site 

around the regional mean: ca 3 ‰ for PS92/54-1 and ca 2 ‰ for all Lomonosov Ridge cores (although 

Lomonosov Ridge planktic samples are few and have large variability), as calculated by Xiao et al. 

(2014).  

 

The strong correlation between salinity and δ18O made Aksu and Vilks (1988) sceptical about using 

δ18O as a chronostratigraphic tool in the Arctic Ocean as differences in salinity are considerable 

depending on location and depth. Spielhagen et al. (2004) inferred fresh water pulses during 

deglaciations from δ18O excursions, further implying an Arctic Ocean δ18O record under major 

influence from factors other than temperature and global ice volume. Indeed, regional differences exist, 

and those have most likely varied over time. However, the N. pachyderma δ18O from PS92/54-1 and 

PS1533-3 on the Yermak Plateau does bare resemblance to the LR04 stack (Lisiecki and Raymo, 2005). 

Isotopic measurements on N. Pachyderma from PS92/54-1 and PS1533-3 (both estimated to cover ca 

160 ka) span a similar range of variability (Figure 14, left). This suggests that these ‘proximal’ sites 
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could potentially be stacked without having to adjust for regional differences in seawater composition. 

Although differences in these records during MIS 4 does indicate that some caution needs to be 

exercised in doing so. PC-04 and PC-08 N. pachyderma downcore data from Hanslik (2011), extending 

ca 130 and 250 ka respectively, could also possibly be stacked.  

 

However, long-distance correlation and stacking of planktic records does not seem to be possible as 

records from the two regions exhibit quite different scales of change. Similarly, in C. neoteretis data 

(Figure 14, right), PC-04 and PC-08 conceivably have stacking potential but does not compare to 

PS92/54-1 in ready numbers. This could be related to C. neoteretis being almost exclusively present in 

PS92/54-1 glacials and interstadials whereas C. neoteretis in PC-04 and PC-08 is almost exclusively 

present in interglacials, thereby capturing two different signals: one glacial and interstadial signal 

(PS92/54-1), and one interglacial signal (PC-04 and PC-08). 

6. Conclusions 
This thesis builds on previous work from the Arctic Ocean, where increased concern about changing 

climate and environment, combined with increased opportunity to sample sediment archives over the 

last decades has led to expanding interest in Arctic Ocean palaeoceanography. The five examined cores 

Figure 14. Cloud plots which fields are based on isotopic measurements from benthic and planktic foraminifera. The sketched 

lines were hand-drawn to encompass every single stable isotope measurement. Planktic N. pachyderma data (left) comes from 

PS92/54-1, PS1533-3, PC-04 and PC-08. There, the Yermak Plateau cores cluster whereas the Lomonosov Ridge core (PC-04) 

and MJR core (PC-08) display a shift toward higher δ13C and lower δ18O. Benthic C. neoteretis data (right) comes from PS92/54-

1, PC-04 and PC-08. As with the planktics, the Lomonosov Ridge core (PC-04) and MJR core (PC-08) benthic data display a 

shift toward lower δ18O.  
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provide new downcore stable isotope data for five species, and new core top stable isotope data for 

additionally three.  

The work faced the traditional obstacles when attempting to identify patterns and trends in Arctic Ocean 

δ18O/δ13C chemostratigraphies. These include (1) the low resolution and discontinuous nature of 

downcore foraminiferal records, resulting from corrosive Arctic deep waters, and (2) the regional 

differences in planktic stable isotopic composition of C and O that, to a lesser degree than other oceans, 

are influenced by temperature and global ice sheet volume. The semi-isolated high-latitude setting, 

variations in freshwater input, and brine rejection during sea ice growth, result in complex water mass 

interactions that are imprinted in the isotopic composition of foraminifera shells.  

The multi-species approach, relevant to the second thesis objective, has been applied throughout this 

study. It indicates different benthic species of foraminifera to be useful for stable isotopic analysis at 

different sites as their relative abundances vary. Cibicidoides wuellerstorfi is the most recurring benthic 

species in the Lomonosov Ridge downcore records, whereas C. neoteretis is the most common benthic 

species at the Yermak Plateau. Neogloboquadrina pachyderma (sinistral) is the most abundant, and 

therefore most useful, planktic species for all investigated sites.  

Vital effects have been visualized, emphasizing the use of a single species and application of correction 

factors when constructing downcore Arctic Ocean δ18O/δ13C records.  

The intermittent benthic foraminiferal downcore records with low magnitude of δ18O change at central 

Lomonosov Ridge sites TC/PC-03 and PC-07, covering parts interpreted to span several MISs, leaves 

insufficient indication of past conditions and a poor basis for comparison.  

The PC-04 (Lomonosov Ridge) and PC-08 (MJR) downcore stable isotopic records (Hanslik, 2011) are 

also discontinuous, but there, the planktic and benthic records covary, albeit around different δ18O/δ13C 

average values. New data from Yermak Plateau core PS92/54-1 gives the most continuous (benthic and 

planktic) foraminiferal record for all investigated sites. There, planktic N. pachyderma compares well 

with another Yermak Plateau (PS1533-3) downcore δ18O/δ13C record and has the best ‘fit’ to the global 

benthic δ18O stack, despite proximity to the temperature and salinity changes that are greater in surface 

waters than bottom waters. The most common benthic species, C. neoteretis, has magnitude of change 

that is too low to capture glacial interglacial variations, similar to large parts of the Lomonosov Ridge 

(PC-04) and the Morris Jesup Rise (PC-08) records (Hanslik, 2011). 

While benthic foraminifera δ18O is a useful tool in other World ocean basins for identifying glacial and 

interglacial cycles, the newly generated Arctic Ocean benthic foraminifera δ18O in this thesis (besides 

records being fragmentary) has less potential to be of systematic stratigraphic use due to low amplitude 

over inferred glacial and interglacial cycles. With our current lacking understanding of Arctic Ocean 

palaeoceanography, and given mentioned problems, stacking benthic foraminiferal δ18O records at these 

Lomonosov Ridge sites seems unadvisable. Furthermore, it remains to be seen whether future downcore 

δ18O/δ13C records have potential to extend beyond MIS 7. For this to be achieved, analysis would have 

to be performed on fewer specimens and a wider range of species due to diminishing abundances 

downcore.  

However, as studies (such as this one) are being made available on Arctic Ocean palaeoceanography, 

regional and interspecies corrections to offsets from δ18O/δ13C equilibrium could be identified, 

calibrated and applied, and the stacking potential for a growing number of species would possibly 

become available. For example; PC-04 (Lomonosov Ridge) and PC-08 (MJR) planktic downcore stable 

isotope data could perhaps be stacked with Yermak Plateau planktic δ18O if a method to confidently 

apply regional offsets and mute extreme variations, associated with fresh water pulses, would exist.  
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Taxonomical list and remarks 
Cassidulina neoteretis Seidenkrantz, 1995. 

 Cassidulina teretis sensu Lagoe, 1977 (not Tappan, 1951) 

 Cassidulina neoteretis 

Arctic (and Antarctic) to sub-arctic species that “evolved from Cassidulina teretis in the 

North Atlantic about 2.0 to 2.3 Ma with migration to the north somewhat later” (Hanslik, 

2011) 

Cibicides lobatulus (Walker and Jacob). 

 Nautilus lobatulus Walker and Jacob, 1798 

 Truncatulina lobatula (Walker and Jacob) Chapman 1902 

 Cibicides lobatulus (Walker and Jacob) Cushman, 1931  

Cibicidoides wuellerstorfi (Schwager). 

 Anomalina wuellerstorfi Schwager, 1866 

 Planulina wuellerstorfi (Schwager) Cushman, 1929 

 Fontbotia wuellerstorfi (Schwager) Gonzalez-Donoso and Linares, 1970 

 Cibicides wuellerstorfi (Schwager) Parker, 1958 

 Cibicidoides wuellerstorfi (Schwager) Hayward, B.W.; Le Coze, F.; Gross, O., 2018 

Ioanella tumidula (Brady). 

 Truncatulina tumidula Brady, 1884 

 Ioanella tumidula (Brady) Saidova, 1975 

Neogloboquadrina pachyderma sinistral (Ehrenberg). 

 Aristerospira pachyderma Ehrenberg, 1861 

Oridorsalis tener (Brady) 

 Rotalina umbonata Reuss, 1851 

 Truncatulina tenera Brady, 1884 

 Oridorsalis Tener (Brady) Lohmann, 1978 

“Assumed to be the polar or low productive variant of the cosmopolitican Oridorsalis 

umbonatus” (Wollenburg and Mackensen, 1998a) 

Quinqueloculina arctica Cushman, 1933. 

Stainforthia concava Höglund. 

 Virgulina concava Höglund, 1947 

 Stainforthia concava (Höglund) Loeblich and Tappan, 1964 

Triloculina sp. 

Valvulineria arctica Green, 1960. 
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Appendix 
Results from measurements of the stable isotopic (δ18O/δ13C) composition of benthic and planktic foraminifera from five Arctic Ocean sediment cores. 

Sample intervals are given top–bottom in cm from closest section break above. Mid depths in LOMROG III; PC-07 are corrected due to the presence of foam 

in the core.  

Core 
Sample interval 

(cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

LOMROG I PC-04 4–5 0.045 C. neoteretis 258 >90 - - - 0.83 4.56 

LOMROG I PC-04 4–5 0.045 C. neoteretis 120 >90 - - - 0.63 5.05 

LOMROG I PC-04 4–5 0.045 O. tener 131 >90 - - - -1.00 4.78 

LOMROG I PC-04 4–5 0.045 Q. arctica 250 >90 - - - 0.84 3.23 

LOMROG I PC-04 4–5 0.045 N. pachyderma 210 >90 - - Varying morphotypes 0.70 2.46 

LOMROG I PC-04 4–5 0.045 C. neoteretis 141 90–125 - - - 0.65 5.00 

LOMROG I PC-04 8–9 0.085 N. pachyderma 262 90–125 - - Varying morphotypes 1.00 3.59 

LOMROG I PC-04 8–9 0.085 S. concava 81 90–125 - - Somewhat stained 1.66 5.62 

LOMROG I PC-08 4–5 0.045 C. neoteretis 261 >125 - - - 0.77 5.13 

LOMROG I PC-08 4–5 0.045 O. tener 268 >125 - - - -0.91 4.55 

LOMROG I PC-08 4–5 0.045 Triloculina sp. 85 >125 - - - 1.78 2.44 

LOMROG I PC-08 8–9 0.085 C. neoteretis 262 >125 - - - 0.72 4.94 

LOMROG I PC-08 8–9 0.085 O. tener 252 >125 - - - -1.02 4.78 

LOMROG I PC-08 8–9 0.085 Triloculina sp. 146 >125 - - - 1.70 2.57 

LOMROG III TC-03 7–9 0.08 C. wuellerstorfi 267 >125 4 500 - 1.63 3.88 

LOMROG III TC-03 7–9 0.08 O. tener 248 >125 40 200 - -1.56 3.88 

LOMROG III TC-03 7–9 0.08 Q. arctica 245 >125 7 300 - 0.99 2.97 

LOMROG III TC-03 7–9 0.08 N. pachyderma 261 >125 29 250 - 0.74 2.27 

LOMROG III TC-03 14–16 0.15 C. wuellerstorfi 242 >125 4 500 - 1.52 4.15 

LOMROG III TC-03 14–16 0.15 O. tener 262 >125 28 350 - -0.65 4.61 

LOMROG III TC-03 14–16 0.15 Q. arctica 258 >125 6 450 - 0.29 1.65 

LOMROG III TC-03 14–16 0.15 N. pachyderma 249 >125 17 250 - 1.12 3.88 
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Core Section 
Sample interval 

(cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

LOMROG III TC-03 - 7–9 0.08 C. wuellerstorfi 0.261 >125 3 600 - 1.61 3.80 

LOMROG III TC-03 - 7–9 0.08 C. wuellerstorfi 0.249 >125 3 600 - 1.60 3.97 

LOMROG III TC-03 - 14–16 0.15 C. wuellerstorfi 0.260 >125 4 500 - 1.59 3.71 

LOMROG III TC-03 - 14–16 0.15 C. wuellerstorfi 0.231 >125 5 500 - 1.32 3.83 

LOMROG III TC-03 - 14–16 0.15 C. wuellerstorfi 0.264 >125 3 600 - 1.31 3.93 

LOMROG III TC-03 - 14–16 0.15 C. wuellerstorfi 0.247 >300 5 500 - 1.20 3.68 

LOMROG III TC-03 - 24–26 0.25 C. wuellerstorfi 0.266 >300 3 600 - 1.46 3.79 

LOMROG III TC-03 - 24–26 0.25 C. wuellerstorfi 0.232 >300 4 500 - 1.22 3.72 

LOMROG III TC-03 - 24–26 0.25 C. wuellerstorfi 0.247 >300 3 500 - 1.37 3.67 

LOMROG III TC-03 - 44–46 0.45 C. wuellerstorfi 0.234 >300 5 500 - 1.45 3.79 

LOMROG III TC-03 - 54–56 0.55 C. wuellerstorfi 0.262 >300 4 500 - 1.31 3.94 

LOMROG III PC-03 1 51–53 0.52 C. wuellerstorfi 0.237 >300 4 500 - 1.37 3.68 

LOMROG III PC-03 1 51–53 0.52 C. wuellerstorfi 0.242 >300 5 500 - 1.33 3.68 

LOMROG III PC-03 1 51–53 0.52 C. wuellerstorfi 0.264 >300 5 500 - 1.35 3.90 

LOMROG III PC-03 1 61–63 0.62 C. wuellerstorfi 0.243 >300 4 500 - 1.32 3.88 

LOMROG III PC-03 1 61–63 0.62 C. wuellerstorfi 0.260 >300 5 500 - 1.45 3.89 

LOMROG III PC-03 1 61–63 0.62 C. wuellerstorfi 0.263 >300 4 500 - 1.42 3.89 

LOMROG III PC-03 1 66–68 0.67 C. wuellerstorfi 0.239 >300 4 500 - 1.60 3.81 

LOMROG III PC-03 1 71–73 0.72 C. wuellerstorfi 0.261 >300 4 500 - 1.68 3.71 

LOMROG III PC-03 2 0–2 0.83 C. wuellerstorfi 0.266 >300 5 500 - 1.47 3.81 

LOMROG III PC-03 2 8–10 0.91 C. wuellerstorfi 0.238 >300 6 500 - 1.09 3.18 

LOMROG III PC-03 2 53–55 1.36 C. wuellerstorfi 0.245 >300 3 500 - 1.59 4.31 

LOMROG III PC-03 2 58–60 1.41 C. wuellerstorfi 0.262 >300 3 500 - 1.26 2.59 
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Core Section 
Sample interval 

(cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

LOMROG III PC-03 2 68–70 1.51 C. wuellerstorfi 0.233 >300 4 500 - 1.03 3.36 

LOMROG III PC-03 2 
 

78–80 
 

1.61 
 

C. wuellerstorfi 
 

0.132 
 

>300 
 

1 
 

900 
 

- 
 

1.35 
 

4.52 
 

LOMROG III PC-03 2 138–140 2.21 C. wuellerstorfi 0.216 >250 2 800 - 1.55 4.31 

LOMROG III PC-03 2 138–140 2.21 C. neoteretis 0.119 >250 3 400 - -0.53 5.31 
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Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

LOMROG III PC-07 1 9.5–11.5 0.02 C. wuellerstorfi 0.262 >300 5 500 - 1.64 3.81 

LOMROG III PC-07 1 24.5–26.5 0.17 C. wuellerstorfi 0.268 >300 4 600 - 1.71 3.97 

LOMROG III PC-07 1 24.5–26.5 0.17 C. wuellerstorfi 0.268 >300 5 500 - 1.68 4.06 

LOMROG III PC-07 1 24.5–26.5 0.17 C. wuellerstorfi 0.243 >300 3 650 - 1.64 3.97 

LOMROG III PC-07 1 39.5–41.5 0.32 C. wuellerstorfi 0.266 >300 4 500 - 1.02 3.52 

LOMROG III PC-07 1 39.5–41.5 0.32 C. wuellerstorfi 0.233 >300 3 600 - 1.02 3.55 

LOMROG III PC-07 1 39.5–41.5 0.32 C. wuellerstorfi 0.261 >300 5 500 - 0.89 3.28 

LOMROG III PC-07 1 54.5–56.5 0.47 C. wuellerstorfi 0.087 >300 2 400 - 1.36 4.45 

LOMROG III PC-07 2 17–19 0.98 C. wuellerstorfi 0.074 >300 1 500 - 1.03 4.24 

LOMROG III PC-07 2 41–43 1.22 O. tener 0.243 >125 56 200 - -1.03 4.59 

LOMROG III PC-07 2 41–43 1.22 O. tener 0.198 >125 47 200 - -0.89 4.69 

LOMROG III PC-07 2 47–49 1.28 O. tener 0.254 >125 47 200 - -1.35 4.52 

LOMROG III PC-07 2 81–83 1.62 C. wuellerstorfi 0.184 >300 2 650 - 1.29 4.03 

LOMROG III PC-07 2 81–83 1.62 C. wuellerstorfi 0.093 >300 1 650 - 1.38 4.30 

LOMROG III PC-07 2 87–89 1.68 C. wuellerstorfi 0.079 >300 1 600 - 1.27 4.29 

LOMROG III PC-07 2 91–93 1.72 C. wuellerstorfi 0.233 >300 4 450 - 1.39 3.89 
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Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

PS92/54-1 1 8–10 0.09 N. pachyderma 0.245 125–300 75 200 - 0.82 3.07 

PS92/54-1 1 12–14 0.13 N. pachyderma 0.233 125–300 66 200 - 0.77 2.99 

PS92/54-1 1 16–18 0.17 N. pachyderma 0.265 125–300 53 200 - 0.83 3.28 

PS92/54-1 1 16–18 0.17 C. wuellerstorfi 0.219 125–600 7 400 Lots of dirt in the forams.  1.42 3.75 

PS92/54-1 2 90–92 1.12 N. pachyderma 0.270 125–300 40 250 - 0.09 4.04 

PS92/54-1 3 0–2 1.15 C. lobatulus 0.242 300–600 8 500 - 1.70 3.96 

PS92/54-1 3 0–2 1.15 N. pachyderma 0.256 300–500 13 400 - 0.28 4.47 

PS92/54-1 3 4–6 1.19 C. neoteretis 0.141 300–600 7 450 - 0.65 5.43 

PS92/54-1 3 4–6 1.19 C. lobatulus 0.246 300–600 7 500 - 1.70 4.28 

PS92/54-1 3 4–6 1.19 N. pachyderma 0.266 125–300 18 250 - 0.13 4.41 

PS92/54-1 3 8–10 1.23 C. lobatulus 0.202 300–500 8 450 - 1.85 4.40 

PS92/54-1 3 8–10 1.23 C. neoteretis 0.233 300–500 11 450 - 0.25 5.14 

PS92/54-1 3 8–10 1.23 N. pachyderma 0.251 300–355 13 325 - 0.17 4.36 

PS92/54-1 3 12–14 1.27 C. lobatulus 0.238 300–355 9 350 - 1.63 4.31 

PS92/54-1 3 12–14 1.27 C. neoteretis 0.234 125–300 41 200 - -0.43 5.22 

PS92/54-1 3 12–14 1.31 C. neoteretis 0.269 125–355 25 300 - -0.26 5.41 

PS92/54-1 3 16–18 1.31 N. pachyderma 0.246 125–300 19 250 - 0.16 4.62 

PS92/54-1 3 16–18 1.35 O. tener 0.242 125–355 24 275 - -1.94 5.07 

PS92/54-1 3 20–22 1.35 C. neoteretis 0.247 125–355 41 250 - -0.56 5.29 

PS92/54-1 3 20–22 1.35 C. lobatulus 0.074 125–300 9 300 - 2.20 4.97 

PS92/54-1 3 20–22 1.35 N. pachyderma 0.260 125–300 27 200 - 0.06 4.58 

PS92/54-1 3 20–22 1.39 C. lobatulus 0.075 125–300 10 275 - 1.98 4.78 

PS92/54-1 3 24–26 1.39 O. tener 0.243 125–300 29 225 - -2.01 5.10 
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Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

PS92/54-1 3 24–26 1.39 C. neoteretis 0.087 125–300 28 200 - -0.30 5.72 

PS92/54-1 3 24–26 1.39 N. pachyderma 0.263 125–300 28 200 - 0.08 4.45 

PS92/54-1 3 24–26 1.43 O. tener 0.205 125–300 41 175 - -1.81 5.14 

PS92/54-1 3 28–30 1.43 C. neoteretis 0.251 125–300 74 150 - -0.61 5.16 

PS92/54-1 3 28–30 1.43 N. pachyderma 0.254 125–300 33 200 - 0.18 4.52 

PS92/54-1 3 28–30 1.47 C. neoteretis 0.242 125–355 41 200 - -0.35 5.31 

PS92/54-1 3 32–34 1.47 N. pachyderma 0.258 125–300 22 250 - -0.08 4.62 

PS92/54-1 3 32–34 1.51 O. tener 0.250 125–300 36 225 - -1.85 5.01 

PS92/54-1 3 36–38 1.51 C. neoteretis 0.258 125–300 76 200 - -0.63 5.21 

PS92/54-1 3 36–38 1.51 N. pachyderma 0.250 125–300 25 225 - 0.17 4.63 

PS92/54-1 3 36–38 1.67 C. lobatulus 0.233 125–300 26 250 - 1.64 4.38 

PS92/54-1 3 52–54 1.67 C. neoteretis 0.248 125–300 47 200 - 0.14 5.24 

PS92/54-1 3 52–54 1.67 N. pachyderma 0.260 125–300 28 250 - 0.20 4.16 

PS92/54-1 3 52–54 1.71 C. lobatulus 0.241 125–300 20 250 - 1.73 4.29 

PS92/54-1 3 56–58 1.71 C. neoteretis 0.247 125–300 33 250 - -0.44 5.10 

PS92/54-1 3 56–58 1.71 N. pachyderma 0.255 125–300 20 250 - 0.16 4.41 

PS92/54-1 3 60–62 1.75 C. lobatulus 0.270 125–300 18 250 - 1.86 4.22 

PS92/54-1 3 60–62 1.75 C. neoteretis 0.234 125–300 26 200 - 0.00 4.88 

PS92/54-1 3 60–62 1.75 N. pachyderma 0.255 125–300 18 250 - 0.28 4.38 

PS92/54-1 3 64–66 1.79 C. lobatulus 0.245 125–355 25 250 - 1.80 4.14 

PS92/54-1 3 64–66 1.79 C. neoteretis 0.252 125–300 41 200 - -0.16 5.07 

PS92/54-1 3 64–66 1.79 N. pachyderma 0.259 125–300 19 250 - 0.29 4.31 

PS92/54-1 3 68–70 1.83 C. lobatulus 0.239 125–355 33 200 - 1.71 4.34 

PS92/54-1 3 68–70 1.83 C. neoteretis 0.243 125–300 49 200 - -0.21 5.00 
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Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

PS92/54-1 3 68–70 1.83 N. pachyderma 0.254 125–300 23 250 - 0.18 4.29 

PS92/54-1 3 72–74 1.87 C. lobatulus 0.265 125–300 32 200 - 1.73 4.24 

PS92/54-1 3 72–74 1.87 C. neoteretis 0.236 125–300 37 200 - 0.01 4.94 

PS92/54-1 3 72–74 1.87 N. pachyderma 0.238 125–300 26 250 - 0.29 4.19 

PS92/54-1 3 76–78 1.91 C. lobatulus 0.253 125–300 40 200 - 1.54 4.35 

PS92/54-1 3 76–78 1.91 C. neoteretis 0.245 125–300 36 200 - -0.21 5.11 

PS92/54-1 3 76–78 1.91 N. pachyderma 0.245 125–300 26 250 - 0.47 4.16 

PS92/54-1 3 80–82 1.95 C. neoteretis 0.244 125–300 35 200 - -0.47 5.26 

PS92/54-1 3 80–82 1.95 N. pachyderma 0.257 125–300 35 200 - 0.30 3.82 

PS92/54-1 3 84–86 1.99 C. neoteretis 0.262 125–300 51 200 - -0.38 5.14 

PS92/54-1 3 84–86 1.99 N. pachyderma 0.239 125–300 34 200 - 0.46 3.87 

PS92/54-1 3 88–90 2.03 C. neoteretis 0.202 125–300 49 200 - -0.05 5.19 

PS92/54-1 3 88–90 2.03 N. pachyderma 0.241 125–300 40 200 - 0.48 3.93 

PS92/54-1 3 92–94 2.07 O. tener 0.242 125–300 35 250 - -1.63 4.74 

PS92/54-1 3 92–94 2.07 C. lobatulus 0.112 125–300 30 200 - 1.86 4.69 

PS92/54-1 3 92–94 2.07 C. neoteretis 0.226 125–300 62 175 - -0.22 5.03 

PS92/54-1 3 92–94 2.07 N. pachyderma 0.242 125–300 27 200 - 0.27 3.80 

PS92/54-1 3 96–98 2.11 C. lobatulus 0.099 125–300 15 200 - 2.03 5.10 

PS92/54-1 3 96–98 2.11 C. neoteretis 0.247 125–300 52 200 - -0.17 4.97 

PS92/54-1 3 96–98 2.11 N. pachyderma 0.256 125–300 34 200 - 0.32 3.93 

PS92/54-1 4 0–2 2.16 C. neoteretis 0.256 125–300 74 200 - -0.34 4.99 

PS92/54-1 4 0–2 2.16 N. pachyderma 0.247 125–300 30 250 - 0.04 3.68 

PS92/54-1 4 4–6 2.20 C. neoteretis 0.240 125–300 74 175 - -0.26 5.00 

PS92/54-1 4 4–6 2.20 N. pachyderma 0.242 125–300 34 200 - 0.17 3.85 
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Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

PS92/54-1 4 8–10 2.24 C. neoteretis 0.079 125–300 19 200 - 0.12 5.62 

PS92/54-1 4 8–10 2.24 N. pachyderma 0.242 125–300 44 200 - 0.27 3.86 

PS92/54-1 4 32–34 2.48 N. pachyderma 0.254 125–300 32 200 - 0.22 3.41 

PS92/54-1 4 32–34 2.48 O. tener 0.176 125–300 53 200 - -1.65 4.68 

PS92/54-1 4 36–38 2.52 O. tener 0.245 125–300 50 200 - -1.73 4.74 

PS92/54-1 4 36–38 2.52 N. pachyderma 0.262 125–300 26 200 - 0.27 3.85 

PS92/54-1 4 36–38 2.52 C. neoteretis 0.258 125–300 58 200 - -0.33 5.03 

PS92/54-1 4 40–42 2.56 N. pachyderma 0.241 125–300 56 175 A lot of fragmental forams 0.27 3.90 

PS92/54-1 4 64–66 2.80 N. pachyderma 0.257 125–300 41 200 - 0.03 3.66 

PS92/54-1 4 64–66 2.80 C. neoteretis 0.208 125–300 57 200 - -0.68 4.87 

PS92/54-1 4 68–70 2.84 N. pachyderma 0.264 125–300 31 200 - 0.22 3.79 

PS92/54-1 4 68–70 2.84 C. neoteretis 0.249 125–355 70 200 - -0.90 4.96 

PS92/54-1 4 68–70 2.84 C. lobatulus 0.088 125–300 12 200 - 1.82 4.01 

PS92/54-1 4 68–70 2.84 O. tener 0.078 125–300 15 200 - -1.61 3.04 

PS92/54-1 4 72–74 2.88 N. pachyderma 0.251 125–355 26 200 - 0.47 3.89 

PS92/54-1 4 72–74 2.88 C. neoteretis 0.255 125–300 44 200 - -0.31 4.79 

PS92/54-1 4 72–74 2.88 C. lobatulus 0.112 125–300 8 250 - 1.46 3.90 

PS92/54-1 4 80–82 2.96 N. pachyderma 0.133 125–300 35 200 - 0.47 3.98 

PS92/54-1 4 84–86 3.00 N. pachyderma 0.253 125–300 39 200 - 0.33 3.80 

PS92/54-1 4 84–86 3.00 O. tener 0.084 125–300 19 200 - -1.36 4.09 

PS92/54-1 5 12–14 3.28 N. pachyderma 0.242 125–300 29 200 - 0.40 4.04 

PS92/54-1 5 12–14 3.28 C. neoteretis 0.245 125–300 52 200 - -0.40 5.01 

PS92/54-1 5 16–18 3.32 N. pachyderma 0.079 125–300 26 200 - 0.23 4.03 

PS92/54-1 5 20–22 3.36 N. pachyderma 0.245 125–300 38 200 - 0.40 3.95 
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Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

PS92/54-1 5 20–22 3.36 C. neoteretis 0.240 125–300 36 200 - -0.69 5.12 

PS92/54-1 5 24–26 3.40 N. pachyderma 0.234 125–300 32 200 - 0.02 3.90 

PS92/54-1 5 24–26 3.40 C. neoteretis 0.146 125–300 30 200 - -0.85 4.79 

PS92/54-1 5 28–30 3.44 N. pachyderma 0.241 125–300 24 200 - 0.44 4.27 

PS92/54-1 5 28–30 3.44 C. neoteretis 0.261 125–300 34 200 - 0.00 5.03 

PS92/54-1 5 28–30 3.44 C. lobatulus 0.240 125–300 33 200 - 1.76 4.42 

PS92/54-1 5 28–30 3.44 O. tener 0.177 125–300 33 200 - -1.60 4.75 

PS92/54-1 5 32–34 3.48 N. pachyderma 0.237 125–300 26 200 - 0.41 4.34 

PS92/54-1 5 32–34 3.48 C. lobatulus 0.183 125–300 32 200 - 1.50 4.42 

PS92/54-1 5 32–34 3.48 O. tener 0.253 125–300 50 200 - -1.56 4.99 

PS92/54-1 5 32–34 3.48 C. neoteretis 0.260 125–300 49 200 - -0.11 5.12 

PS92/54-1 5 52–54 3.68 N. pachyderma 0.257 125–300 32 200 - 0.38 4.21 

PS92/54-1 5 60–62 3.76 N. pachyderma 0.245 125–300 29 200 - 0.53 3.78 

PS92/54-1 5 60–62 3.76 C. neoteretis 0.258 125–300 58 200 - -0.49 5.10 

PS92/54-1 5 64–66 3.80 N. pachyderma 0.233 125–300 29 200 - 0.87 4.00 

PS92/54-1 5 64–66 3.80 C. wuellerstorfi 0.246 300–600 3 500 - 1.59 4.25 

PS92/54-1 5 64–66 3.80 C. neoteretis 0.244 125–300 65 200 - -0.13 4.68 

PS92/54-1 5 64–66 3.80 O. tener 0.088 125–300 13 200 - -0.79 4.43 

PS92/54-1 5 68–70 3.84 N. pachyderma 0.242 125–300 37 200 - 0.69 3.75 

PS92/54-1 5 84–86 4.00 N. pachyderma 0.249 125–300 22 200 - 0.52 4.16 

PS92/54-1 5 84–86 4.00 C. neoteretis 0.246 125–300 56 200 - -0.36 5.11 

PS92/54-1 5 88–90 4.04 C. neoteretis 0.107 125–300 16 200 Strong yellowish staining 0.04 4.86 

PS92/54-1 5 88–90 4.04 N. pachyderma 0.256 125–300 30 200 - 0.47 4.04 

            



 

5
2
 

Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

PS92/54-1 6 0–2 4.18 N. pachyderma 0.104 125–300 38 200 Only broken planktics 0.73 3.48 

PS92/54-1 6 20–22 4.38 N. pachyderma 0.244 125–300 55 - - 0.62 3.52 

PS92/54-1 6 32–34 4.5 N. pachyderma 0.189 125–300 56 - - -0.14 4.42 

PS92/54-1 6 32–34 4.5 C. neoteretis 0.246 125–300 92 - - -0.45 4.65 

PS92/54-1 6 32–34 4.5 C. lobatulus 0.115 125–355 50 - - 1.77 4.32 

PS92/54-1 6 36–38 4.54 N. pachyderma 0.254 125–300 24 - - 0.00 4.63 

PS92/54-1 6 36–38 4.54 C. neoteretis 0.253 125–300 45 - - -0.42 5.27 

PS92/54-1 6 36–38 4.54 C. lobatulus 0.238 125–355 32 - - 1.58 4.68 

PS92/54-1 6 36–38 4.54 O. tener 0.241 125–300 28 - - -1.87 5.22 

PS92/54-1 6 40–42 4.58 N. pachyderma 0.252 125–300 20 - - 0.02 4.50 

PS92/54-1 6 40–42 4.58 C. neoteretis 0.251 125–300 30 - - -0.44 5.17 

PS92/54-1 6 40–42 4.58 C. lobatulus 0.238 125–300 40 - - 1.44 4.60 

PS92/54-1 6 40–42 4.58 O. tener 0.253 125–300 34 - - -2.23 5.03 

PS92/54-1 6 44–46 4.62 N. pachyderma 0.247 125–300 24 - - 0.07 4.13 

PS92/54-1 6 44–46 4.62 C. neoteretis 0.256 125–300 46 - - -0.57 5.31 

PS92/54-1 6 48–50 4.66 N. pachyderma 0.254 125–300 22 - - 0.00 3.74 

PS92/54-1 6 48–50 4.66 C. neoteretis 0.256 125–300 40 - - -0.70 5.31 

PS92/54-1 6 52–54 4.70 N. pachyderma 0.257 125–300 22 - - -0.03 4.57 

PS92/54-1 6 52–54 4.70 C. neoteretis 0.254 125–300 29 - - -0.41 5.24 

PS92/54-1 6 56–58 4.74 N. pachyderma 0.244 125–300 24 - - 0.01 4.41 

PS92/54-1 6 52–54 4.70 C. lobatulus 0.249 125–300 18 - - 1.23 4.52 

PS92/54-1 6 56–58 4.74 C. neoteretis 0.261 125–300 26 - - -0.56 5.22 

PS92/54-1 6 56–58 4.74 C. lobatulus 0.267 125–300 28 - - 1.20 4.26 

PS92/54-1 6 60–62 4.78 N. pachyderma 0.252 125–300 28 - - 0.02 4.10 
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Core Section 
Sample 

interval (cm) 

Mid depth 

(mbsf) 
Species 

Sample 

weight (µg) 

Size fraction 

(µm) 

Individuals 

(approx.) 

Ca size of picked 

individuals (µm) 

Isotope analysis 

preparation 

δ13C vs 

PDB, ‰ 

δ18O vs PDB, ‰;  

AREA corr. 

PS92/54-1 6 60–62 4.78 C. neoteretis 0.243 125–300 40 - - -0.56 5.17 

PS92/54-1 6 64–66 4.82 N. pachyderma 0.253 125–300 47 - - -0.02 4.09 

PS92/54-1 6 64–66 4.82 C. neoteretis 0.080 125–300 19 - - -0.11 5.08 

PS92/54-1 6 72–74 4.90 N. pachyderma 0.257 125–300 28 - - -0.17 3.98 

PS92/54-1 6 72–74 4.90 C. neoteretis 0.261 125–300 56 - - -0.62 4.87 

PS92/54-1 6 72–74 4.90 O. tener 0.185 125–300 34 - - -1.61 5.02 

PS92/54-1 6 76–78 4.94 N. pachyderma 0.260 125–300 22 - - 0.56 4.24 

PS92/54-1 6 76–78 4.94 C. neoteretis 0.264 125–300 42 - - -0.63 5.03 

PS92/54-1 6 76–78 4.94 O. tener 0.251 300–600 42 - - -2.26 4.52 

PS92/54-1 6 80–82 4.98 N. pachyderma 0.253 125–300 31 - - 0.27 4.11 

PS92/54-1 6 80–82 4.98 C. neoteretis 0.241 125–300 50 - - -0.49 5.02 

PS92/54-1 6 80–82 4.98 O. tener 0.201 125–300 54 - - -2.26 4.68 

PS92/54-1 6 92–94 5.10 N. pachyderma 0.257 125–300 24 - - 0.08 3.95 

PS92/54-1 6 92–94 5.10 C. neoteretis 0.265 125–300 44 - - -0.83 5.04 

PS92/54-1 6 92–94 5.10 O. tener 0.083 125–300 14 - - -1.68 4.40 

PS92/54-1 6 44–46 4.62 C. lobatulus 0.106 125–300 21 - - 1.49 4.30 

PS92/54-1 6 44–46 4.62 O. tener 0.230 125–300 37 - - -2.08 4.57 

PS92/54-1 3 12–14 1.27 N. pachyderma 0.261 125–300 19 - - 0.31 4.62 

            

            

            

 


