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Fig. 6.1: Selected results of Bering Sea laminae analysis. XRF-based Ca/Ti ratios of (a) SO202-12-1 and reference core (b) 

SO202-18-3 with layered to laminated sections in each core marked in orange. Core locations are shown in the small maps. 

Note the synchronous onset of laminations depicted by a blue line and the diachronous lamina disappearance. (c) Biogenic 

opal mass accumulation rate (MAR) of core SO202-18-3. Major laminated intervals are marked in orange and numbers 

below the plot give results of varve counts. (d) Stacked alkenone-based sea surface temperature record from the western 

Bering Sea (3-pt running mean; blue plot) based on data of Max et al., 2012. (e) NGRIP ! 18O data (Rasmussen et al., 2006). 

Note the correspondence of warm intervals in NGRIP and lamination occurrence in SO202-18-3. (f) Spectral analysis of B/A 

laminations from core SO202-18-3 using Fast Fourier Transformation. Red line denotes the 95 % highest spectrum of 1000 

AR(1) processes with the same autocorrelation. 
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Based on relatively constant benthic-planktic ventilation ages throughout the last deglaciation, it was 

shown that on millennial-scale anoxia were caused by basin-wide remineralization of organic matter in 

intermediate waters, while changes in the source or the formation rate of these waters were less 

important. Superimposed on these millennial scale changes were variations of the OMZ strength on 

shorter, inter-decadal timescales. Especially during the B/A, the formation of laminated sediments was 

tightly coupled to warm intervals within that interstadial, as recorded in Bering Sea sea surface 

temperature (SST) records and the NGRIP stable isotope data (Fig. 6.1c – 6e). To estimate the 

temperature changes, I established a stacked SST record, based on published Bering Sea alkenone SST 

data and showed that SSTs of about  6 °C persisted during times of lamina formation, while the SSTs 

were lower with values of about  5 °C during times were laminations were not common (Fig. 6.1d). 

The applied correlation of layer-counted, laminated sections to the NGRIP data further revealed that 

oceanographic changes in the Bering Sea occurred with a rapidity that is comparable to the abrupt 

climate changes recorded in the Greenland ice cores, corroborating the suggestion of near-

synchronous, hemispheric-wide rapid transmissions of deglacial climate change (Steffensen et al., 

2008). This observed close link between Bering Sea and Greenland climate implies a rapid 

atmospheric teleconnection, in line with previous paleoceanographic and modeling results that argued 

for an in-phase behavior of North Pacific and North Atlantic climate. Atmospheric transfer between 

the North Atlantic and North Pacific was probably influenced by decadal changes in the position and 

strength of the Aleutian Low, which is one of the main atmospheric “centers of action” of the 

Northern Hemisphere (Rodionov et al., 2007). 

The Bering Sea anoxia during the B/A and Preboreal were mainly driven by higher export 

productivity, visible in high accumulation rates of biogenic opal, carbonate and total organic carbon 

(TOC), and X-ray-fluorescence (XRF)-derived elemental ratios indicative for high biological 

productivity like Br/Ti, Ca/Ti and Si/Ti (Fig. 6.1a – 6c). The higher temperatures during the Preboreal 

and B/A fostered biogenic export production as they led to a shift from perennial sea ice, which most 

likely persisted during the cold Younger Dryas and Heinrich Stadial I (Meheust, 2014), to seasonal sea 

ice. As a result, a sea-ice-related diatom bloom event developed which may have occurred during 

spring/summer, followed by times of low productivity during autumn and winter. These seasonal 

productivity variations are reflected as an alternation between diatom-rich laminae, which have low 

densities in radiographies and high XRF-based Cl- and Si/Ti values, and laminae that represent the 

terrigenous background sedimentation. The latter laminae have higher densities and lower Cl values 

and Si/Ti ratios. The export productivity during the Preboreal and B/A was additionally increased by 

thermal stratification, visible in higher temperature gradients in Mg/Ca and alkenone-based SSTs and 

higher freshwater input delivering nutrients, which was probably related to the melting of hinterland 
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permafrost soils. The still closed Bering Strait could have facilitated productivity through enhanced 

trapping and nutrient recirculation. Other major sources for nutrients and organic carbon were the 

proximal shelf areas, which became flooded due to the deglacial sea level rise. As the largest shelf 

areas in the Bering Sea are located in the northeastern part, cores near this area received more 

nutrients and organic carbon compared to cores further west. This gradient in lateral material supply 

was important for the diachronous OMZ weakening (Fig. 6.1a and Fig. 6.1b). Higher C/N ratios and 

total organic carbon mass accumulation rates suggested that the shelf flooding, and possibly also 

freshwater input, started within the cold Heinrich Stadial I at 16.6 ka.  

The annual resolution of the laminations from reference record SO202-18-3 and the clear differences 

of the single laminae in the geochemical and physical properties provided the opportunity to perform 

spectral analysis of the laminated sediment sections. Therefore, the XRF-based Cl values of single 

laminae were used as a indicator for biosiliceous primary productivity, as they depend on the pore 

water content and thus sediment density, which is a function of the diatom concentration. Especially 

for the B/A, the Fast Fourier Transformation-based spectral analysis revealed a sharp peak of 18.8 yr 

cyclicity and a broader peak in the range of 30 – 60 yr (Fig. 6.1f). The first spectral peak is related to 

the 18.6 yr nodal tidal cycle, which fostered the diatom-driven productivity through enhanced nutrient 

supply to the surface during times of strong tidal mixing. The latter spectral peak may be related to the 

Pacific Decadal Oscillation (PDO), which could have influenced the primary productivity through 

SST variations and mixed layer dynamics. Both processes are known to influence the modern Bering 

Sea and North Pacific. With these results I showed that internal variability, originating from coupled 

ocean-atmosphere dynamics, and external forcing through the sharply expressed nodal cycle have 

been persistent features of the inter-decadal ocean-climate system in the subarctic North Pacific since 

the last glacial and are not limited to modern observations.  

For future research, additional focus should be spend on the investigation of single laminae, as it was 

shown in this thesis that these varve-like laminae have an annual resolution in our reference record. 

First analyses revealed that it is possible to separate laminae and apply geochemical measurements on 

this material (Fig. 6.2). This provides the unique opportunity to study deglacial SSTs, sea surface 

salinity, mixed layer dynamics and primary productivity variations with seasonal resolution.  
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Fig. 6.2: Overlay of Ti-contents based on ICP measurements of single Holocene laminae from core SO202-18-6 and a photo 

of the sampled laminations. The diatom-rich laminae are shown in white and terrigenous laminae in dark color. In the plot 

results diatomaceous laminae are shown in yellow circles and results of terrigenous laminae in red circles. 

 

New benthic-planktic ventilation ages for times older than the B/A might help to understand if the 

Bering Sea was a source of intermediate- or deep water masses during stadials. This is still a matter of 

discussion, with no detailed ventilation records on longer timescales beyond the Last Galcial 

Maximum being published so far. Therefore it would be necessary to refine the age model, which 

could be accomplished by the 14C plateau-tuning technique (Sarnthein et al., 2007). This method also 

provides planktic reservoir ages, which give insights into changes in ocean currents. Furthermore, 

there are no detailed sea ice records available for the eastern Bering Sea, covering the last 20 ka. Here, 

the sediment cores from the INOPEX cruise provide the opportunity to map the IP25-based sea ice 

distribution along a transect of the eastern shelf ridge. This information might give new insights into 

the effect of sea ice on ocean ventilation and long-term sea ice dynamics. 
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Data handling 

All data presented in this thesis will be stored electronically and will be available online in the 

PANGAEA database (http://www.pangaea.de). 
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Appendix 1 

Pulses of enhanced North Pacific Intermediate Water ventilation from the 

Okhotsk Sea and Bering Sea during the last deglaciation 
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Abstract 

Under modern conditions only North Pacific IntermediateWater is formed in the northwest Pacific 

Ocean. This situation might have changed in the past. Recent studies with general circulation models 

indicate a switch to deep-water formation in the northwest Pacific during Heinrich Stadial 1 (17.5 –

15.0 ka) of the last glacial termination. Reconstructions of past ventilation changes based on 

paleoceanographic proxy records are still insufficient to test whether a deglacial mode of deep-water 

formation in the North Pacific Ocean existed. Here we present deglacial ventilation records based on 

radiocarbon-derived ventilation ages in combination with epibenthic stable carbon isotopes from the 

northwest Pacific including the Okhotsk Sea and Bering Sea, the two potential source regions for past 

North Pacific ventilation changes. Evidence for most rigorous ventilation of the intermediate-depth 

North Pacific occurred during Heinrich Stadial 1 and the Younger Dryas, simultaneous to significant 

reductions in Atlantic Meridional Overturning Circulation. Concurrent changes in  d13C and 

ventilation ages point to the Okhotsk Sea as driver of millennial-scale changes in North Pacific 

Intermediate Water ventilation during the last deglaciation. Our records additionally indicate that 

changes in the  d13C intermediate-water (700 – 1750 m water depth) signature and radiocarbon-derived 

ventilation ages are in antiphase to those of the deep North Pacific Ocean (>2100m water depth) 

during the last glacial termination. Thus, intermediate- and deep-water masses of the northwest Pacific 

have a differing ventilation history during the last deglaciation. 
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Appendix 2 

IP25 proxy records of sea-ice variability in the subarctic North Pacific and 

adjacent Bering Sea during the past 25,000 years 
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Abstract 

Here we reconstructed changes in sea-surface conditions in the eastern and western subarctic Pacific 

and the northern Bering Sea throughout the last glacial-deglacial- Holocene time interval by mean of 

specific biomarkers. New insights about the spatial and temporal variations of sea-surface temperature 

and sea-ice coverage are provided by the analyses of alkenones and sea-ice proxy (IP25) respectively. 

For a better assessment of sea-ice coverage, IP25 was combined to phytoplankton biomarkers data to 

calculate the marker-IP25 index (PIP25). 

The results show that an extensive sea-ice cover prevailed over large parts of the subarctic Pacific and 

the Bering Sea during the LGM. The deglaciation is characterized by a rapid sea-ice advance and 

retreat. During cold periods (Heinrich Stadial 1 and Younger Dryas) seasonal sea-ice cover generally 

coincides with low alkenone SSTs and low primary productivity. Conversely, during warmer intervals 

(Bølling–Allerød) predominance of reduced sea ice or ice-free conditions are associated with increase 

in alkenone SSTs and primary productivity. During the Holocene, ice-free conditions dominated in the 

subarctic Pacific and the southern Bering Sea. In the northern Bering Sea continental shelf ice-free 

conditions, associated with high alkenone SSTs and primary productivity, prevailed during the 

Holocene Thermal Maximum, but shifted to marginal sea-ice conditions at late early-Holocene. The 

variability can be explained by a combination of local factors (e.g. solar insolation), as well as global 

climate anomalies and sea-level changes controlling the oceanographic circulation between the 

subarctic Pacific and the Bering Sea. 

 

 


