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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)
S0202-18-3 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. (¢) NGRIP ! 80 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 — 6¢). 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 CI 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 CI 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 '*C 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 IP,s-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).

101



Data handling

102




References

References

Addison, J. A., Finney, B. P., Dean, W. E., Davies, M. H., Mix, A. C., Stoner, J. S., and Jaeger, J. M.:
Productivity and sedimentary 815N variability for the last 17,000 years along the northern Gulf
of Alaska continental slope, Paleoceanography, 27, doi:10.1029/2011PA002161, 2012.

Ahagon, N., Ohkushi, K., Uchida, M., and Mishima, T.: Mid-depth circulation in the northwest Pacific
during the last deglaciation: Evidence from foraminiferal radiocarbon ages, Geophysical
Research Letters, 30, 2097, doi:10.1029/2003GL018287, 2003.

Andersen, K. K., Svensson, A., Johnsen, S. J., Rasmussen, S. O., Bigler, M., Rothlisberger, R., Ruth,
U., Siggaard-Andersen, M.-L., Steffensen, J. P., Dahl-Jensen, D., Vinther, B. M., and Clausen,
H. B.: The Greenland Ice Core Chronology 2005, 15-42 ka. Part 1: constructing the time scale,
Quaternary Science Reviews, 25, 3246-3257, doi:10.1016/j.quascirev.2006.08.002, 2006.

Bauch, D., Erlenkeuser, H., Winckler, G., Pavlova, G., and Thiede, J.: Carbon isotopes and habitat of
polar planktic foraminifera in the Okhotsk Sea: the 'carbonate ion effect' under natural
conditions, Marine Micropaleontology, 45, 83-99, doi:10.1016/S0377-8398(02)00038-5, 2002.

Behl, R. J., and Kennett, J. P.: Brief interstadial events in the Santa Barbara basin, NE Pacific, during
the past 60 kyr, Nature, 379, 243-246, doi:10.1038/379243a0, 1996.

Blackman, R.B., and Tukey, J.W.: The measurement of power spectra from the point of view of
communication engineering. Dover Publications, New York. 190 pp., 1958.

Blockley, S. P. E., Lane, C. S., Hardiman, M., Rasmussen, S. O., Seierstad, 1. K., Steffensen, J. P.,
Svensson, A., Lotter, A. F., Turney, C. S., and Bronk Ramsey, C.: Synchronisation of
palaeoenvironmental records over the last 60,000 years, and an extended INTIMATE event
stratigraphy  to 48,000 b2k, Quaternary = Science  Reviews, 36, 2-10,
doi:10.1016/j.quascirev.2011.09.017, 2011.

Bond, G. C., Broecker, W. S., Johnsen, S., McManus, J., Labeyrie, L., Jouzel, J., and Bonani, G.:
Correlations between climate records from North Atlantic sediments and Greenland ice, Nature,
365, 143-147, doi:10.1038/365143a0, 1993.

Brauer, A., Haug, G. H., Dulski, P., Sigman, D. M., and Negendank, J. F. W.: An abrupt wind shift in
western Europe at the onset of the Younger Dryas cold period, Nature Geoscience, 1, 520-523,
doi:10.1038/nge0263, 2008.

Bronk Ramsey, C., Staff, R. A., Bryant, C. L., Brock, F., Kitagawa, H., van der Plicht, J., Schlolaut,
G., Marshall, M. H., Brauer, A., Lamb, H. F., Payne, R. L., Tarasov, P. E., Haraguchi, T.,
Gotanda, K., Yonenobu, H., Yokoyama, Y., Tada, R., and Nakagawa, T.: A complete terrestrial
radiocarbon record for 11.2 to 52.8 kyr B.P, Science (New York, NY), 338, 370-374,
doi:10.1126/science.1226660, 2012.

Brown, Z. W., and Arrigo, K. R.: Contrasting trends in sea ice and primary production in the Bering
Sea and Arctic Ocean, ICES Journal of Marine Science, 69, 1180-1193,
doi:10.1093/icesjms/fss113, 2012.

Brunelle, B. G., Sigman, D. M., Jaccard, S. L., Keigwin, L. D., Plessen, B., Schettler, G., Cook, M. S.,
and Haug, G. H.: Glacial/interglacial changes in nutrient supply and stratification in the western

103



References

subarctic North Pacific since the penultimate glacial maximum, Quaternary Science Reviews,
29, 2579-2590, doi:10.1016/j.quascirev.2010.03.010, 2010.

Bubenshchikova, N., Nuernberg, D., Lembke-Jene, L., and Pavlova, G.: Living benthic foraminifera
of the Okhotsk Sea: Faunal composition, standing stocks and microhabitats, Marine
Micropaleontology, 69, 314-333, doi:10.1016/j.marmicro.2008.09.002, 2008.

Caissie, B. E., Brigham-Grette, J., Lawrence, K. T., Herbert, T. D., and Cook, M. S.: Last Glacial
Maximum to Holocene sea surface conditions at Umnak Plateau, Bering Sea, as inferred from
diatom, alkenone, and stable isotope records, Paleoceanography, 25, PA1206,
doi:10.1029/2008PA001671, 2010.

Carlson, A. E., and Clarke, P. U.: Ice sheet sources of sea level rise and freshwater discharge during
the last deglaciation, Reviews of Geophysics 50 (4), doi:10.1029/2011RG000371, 2012.

Clarke, P. U., Shakun, J. D., Baker, P. A., Bartlein, P. J., Brewer, S., Brook, E., Carlson, A. E., Cheng,
H., Kaufman, D. S., Liu, Z., Marchitto, T. M., Mix, A. C., Morrill, C., Otto-Bliesner, B. L.,
Pahnke, K., Russell, J. M., Whitlock, C., Adkins, J. F., Blois, J. L., Clark, J., Colman, S. M.,
Curry, W. B., Flower, B. P., He, F., Johnson, T. C., Lynch-Stieglitz, J., Markgraf, V.,
McManus, J., Mitrovica, J. X., Moreno, P. 1., and Williams, J. W.: Global climate evolution
during the last deglaciation, PNAS, 109, E1134-E1142, doi:10.1073/pnas.1116619109, 2012.

Cerveny, R. S., and Shaffer, J. A.: The moon and El Nifo, Geophysical Research Letters, 28, 25-28,
doi:10.1029/2000GL012117, 2001.

Chavez, F. P., Ryan, J., Lluch-Cota, S. E., Niquen C., M.: From anchovies to sardines and back:
Multidecadal change in the Pacific ocean, Science, 299, 217-221, doi:10.1126/science.1075880,
2003.

Cook, M. S., Keigwin, L. D., and Sancetta, C. A.: The deglacial history of surface and intermediate
water of the Bering Sea, Deep Sea Research Part II: Topical Studies in Oceanography, 52,
2163-2173, doi:10.1016/j.dsr2.2005.07.004, 2005.

Croudace, I. W., Rindby, A., and Rothwell, R. G.: ITRAX: description and evaluation of a new multi-
function X-ray core scanner, in: New Techniques in Sediment Core Analysis, edited by:
Rothwell, R. G., Special Publications, The Geological Society, London, 51-63, 2006.

Crusius, J., Pedersen, T., Kienast, S., Keigwin, L., and Labeyrie, L.: Influence of northwest Pacific
productivity on North Pacific Intermediate Water oxygen concentrations during the Boiling-
Allerod interval (14.7-12.9 ka), Geology, 32, 633-636, doi:10.1130/G20508.1, 2004.

D’Arrigo, R., Villalba, R., Wiles, G.: Tree-ring estimates of Pacific decadal climate variability,
Climate Dynamics, 18, 219-224, doi:10.1007/s003820100177, 2001.

Danielson, S., Curchitser, E., Hedstrom, K., Weingartner, T., and Stabeno, P.: On ocean and sea ice
modes of variability in the Bering Sea, Journal of Geophysical Research: Oceans, 116, C12034,
d0i:10.1029/2011JC007389, 2011.

Davies, M. H., Mix, A. C., Stoner, J. S., Addison, J. A., Jaeger, J., Finney, B., and Wiest, J.: The
deglacial transition on the southeastern Alaska Margin: Meltwater input, sea level rise, marine
productivity, and sedimentary anoxia, Paleoceanography, 26, PA2223,
doi:10.1029/2010PA 002051, 2011.

104



References

Duplessy, J.-C., Arnold, M., Bard, E., Juillet-Leclerc, A., Kallel, N., and Labeyrie, L.: AMS C-14
Study of Transient Events and of the Ventilation Rate of the Pacific Intermediate Water During
the Last Deglaciation, Radiocarbon, 31, 493-502, 1989.

Elias, S. A., Short, S. K., Nelson, C. H., and Birks, H. H.: Life and times of the Bering land bridge,
Nature, 382, 60-63, doi:10.1038/382060a0, 1996.

EPICA community members, Eight glacial cycles from an Antarctic ice core, Nature, 429, 623-628,
doi:10.1038/nature02599, 2004.

Foreman, M. G. G., Cummins, P. F., Cherniawsky, J. Y., and Stabeno, P.: Tidal energy in the Bering
Sea, Journal of Marine Research, 64, 797-818, doi:10.1357/002224006779698341, 2006.

Galbraith, E. D., Jaccard, S. L., Pedersen, T. F., Sigman, D. M., Haug, G. H., Cook, M., Southon, J.
R., and Francois, R.: Carbon dioxide release from the North Pacific abyss during the last
deglaciation, Nature, 449, 890-893, doi:10.1038/nature06227, 2007.

Garcia, H. E., Locarnini, R. A., Boyer, T. P., Antonov, J. 1., Baranova, O. K., Zweng, M. M., and
Johnson, D. R.: World Ocean Atlas 2009, Volume 3: Dissolved Oxygen, Apparent Oxygen
Utilization, and Oxygen Saturation, NOAA Atlas NESDIS 70, edited by: Levitus, S., U.S.
Government Printing Office, Washington, D.C., 344 pp., 2010.

Gebhardt, H., Sarnthein, M., Grootes, P. M., Kiefer, T., Kithn, H., Schmieder, F., and Roéhl, U.:
Paleonutrient and productivity records from the subarctic North Pacific for Pleistocene glacial
terminations I to V, Paleoceanography, 23, PA4212, doi:10.1029/2007PA001513, 2008.

Gersonde, R.: The Expedition of the Research Vessel ‘“Sonne’’ to the Subpolar North Pacific and the
Bering Sea in 2009 (SO202-INOPEX), in: Reports on Polar and Marine Research, Alfred
Wegener Institute, Bremerhaven, 323, 2012.

Gorbarenko, S. A., Basov, I. A., Chekhovskaya, M. P., Southon, J., Khusid, T. A., and Artemova, A.
V.: Orbital and millennium scale environmental changes in the southern Bering Sea during the
last glacial-Holocene: Geochemical and paleontological evidence, Deep Sea Research Part II:
Topical Studies in Oceanography, 52, 2174-2185, doi:10.1016/j.dsr2.2005.08.005, 2005.

Grantham, B. A., Chan, F., Nielsen, K. J., Fox, D. S., Barth, A., Lubchenco, J., and Menge, B. A.:
Upwelling-driven nearshore hypoxia signals ecosystem and oceanographic changes in the
northeast Pacific, Nature, 429, 749-754, doi:10.1038/nature02605, 2004.

Grebmeier, J. M.: A Major Ecosystem Shift in the Northern Bering Sea, Science (New York, NY),
311, 1461-1464, doi:10.1126/science.1121365, 2006.

Grebmeier, J. M., Cooper, L. W., Feder, H. M., Sirenko, B. I.: Ecosystem dynamics of the Pacific-
influenced Northern Bering and Chukchi Seas in the Amerasian Arctic, Progress in
Oceanography, 71, 331-361, doi:10.1016/j.pocean.2006.10.001, 2006.

Haigh, I. D., M. Eliot, and C. Pattiaratchi.: Global influences of the 18.61 year nodal cycle and 8.85
year cycle of lunar perigee on high tidal levels, Journal Geophysical Research - Oceans, 116,
C06025, doi:10.1029/2010JC006645, 2011.

Hamilton, E. L.: Sound velocity and related properties of marine sediments, North Pacific, Journal of
Geophysical Research, 75, 4423-4446, doi:10.1029/JB0751023p04423, 1970.

105



References

Haykin, S.: Nonlinear methods of spectral analysis, 2nd ed., Springer, Berlin, 1983.

Hendy, I. L., Kennett, J. P., Roark, E. B., and Ingram, B. L.: Apparent synchroneity of submillennial
scale climate events between Greenland and Santa Barbara Basin, California from 30-10 ka,
Quaternary Science Reviews, 21, 1167-1184, doi:10.1016/S0277-3791(01)00138-X, 2002.

Hendy, I. L., and Pedersen, T. F.: Oxygen minimum zone expansion in the eastern tropical North
Pacific during deglaciation, Geophysical Research Letters, 33, L20602, doi:10.1029/
2006GL025975, 2006.

Hofmann, A. F., Peltzer, E. T., Walz, P. M., Brewer, P. G.: Hypoxia by degrees: Establishing
definitions for a changing ocean, Deep Sea Research Part I: Oceanographic research papers, 58,
1212-1226, doi:10.1016/j.dsr.2011.09.004, 2011.

Hood, D.W.: The Bering Sea, in: Ketchum, B.H. (Ed.), 1983. Estuaries and enclosed seas. Ecosystems
of the World 26, 337-373, 1983.

Hu, A. X., Meehl, G. A., Otto-Bliesner, B. L., Waelbroeck, C., Han, W. Q., Loutre, M. F., Lambeck,
K., Mitrovica, J. X., and Rosenbloom, N.: Influence of Bering Strait flow and North Atlantic
circulation on glacial sea-level changes, Nature Geoscience, 3, 118-121, doi:10.1038/ngeo729,
2010.

Hughen, K. A., Overpeck, J. T., Peterson, L. C., Trumbore, S.: Rapid climate changes in the tropical
Atlantic region during the last deglaciation, Nature, 380, 51-54, doi:10.1038/380051a0, 1996.

Hughen, K. A., Southon, J. R., Lehman, S. J., and Overpeck, J. T.: Synchronous radiocarbon and
climate shifts during the last deglaciation, Science (New York, NY), 290, 1951-1954,
doi:10.1126/science.1088470, 2000.

Ikehara, K., Ohkushi, K. a. i., Shibahara, A., and Hoshiba, M.: Change of bottom water conditions at
intermediate depths of the Oyashio region, NW Pacific over the past 20,000 yrs, Global And
Planetary Change, 53, 78-91, doi:10.1016/j.gloplacha.2006.01.011, 2006.

Itaki, T., Uchida, M., Kim, S., Shin, H.-S., Tada, R., and Khim, B.-K.: Late Pleistocene stratigraphy
and palaeoceanographic implications in northern Bering Sea slope sediments: evidence from the
radiolarian species Cycladophora davisiana, Journal of Quaternary Science, 24, 856-865,
doi:10.1002/jgs.1356, 2009.

Itaki, T., Kim, S., Rella, S. F., Uchida, M., Tada, R., Khim, B-K.: Millennial-scale variations of late
Pleistocene radiolarian assemblages in the Bering Sea related to environments in shallow and
deep waters, Deep Sea Research Part II: Topical Studies in Oceanography, 61-64, 127-144,
doi:10.1016/j.dsr2.2011.03.002, 2012.

Jenkins, R., and de Vries, J. L.: Practical X-ray spectrometry, MacMillan, London, 1970.

Jaccard, S. L., and Galbraith, E. D.: Large climate-driven changes of oceanic oxygen concentrations
during the last deglaciation, Nature Geoscience, 5, 151-156, doi:10.1038/ngeo1352, 2012.

Jaccard, S. L., Galbraith, E. D., Frohlicher, T. L., and Gruber, N.: Ocean (de)oxygenation across the
last deglaciation, Oceanography, 27, 26-35, doi:10.5670/oceanog.2014.05, 2014.

106



References

Jansen, J. H. F., Van der Gaast, S. J., Koster, B., and Vaars, A. J.: CORTEX, a shipboard XRF-
scanner for element analyses in split sediment cores. Marine Geology 151, 143-153,
doi:10.1016/50025-3227(98)00074-7, 1998.

Katsuki, K., Itaki, T., Khim, B-K., Uchida, M., and Tada, R.: Response of the Bering Sea to 11-year
solar irradiance cycles during the Bolling-Allerad, Geophysical Research Letters, 41, 2892-
2898, do0i:10.1002/2014GL059509, 2014.

Keeling, R. F., Kortzinger, A., and Gruber, N.: Ocean deoxygenation in a warming world, Annu. Rev.
Mar. Sci., 2, 199-229, doi:10.1146/annurev.marine.010908.163855, 2010.

Keigwin, L. D. and Jones, G. A.: Deglacial climatic oscillations in the Gulf of California,
Paleoceanography, 5, 1009-1023, doi:10.1029/PA0051006p01009, 1990.

Keigwin, L., Jones, G., and Froelich, P.: A 15,000 year paleoenvironmental record from Meiji
Seamount, far Northwestern Pacific, Earth And Planetary Science Letters, 111, 425-440,
doi:10.1016/0012-821X(92)90194-Z, 1992.

Keigwin, L. D.: Glacial-age hydrography of the far northwest Pacific Ocean, Paleoceanography, 13,
323-339, doi:10.1029/98PA00874, 1998.

Keigwin, L. D., Donnelly, J. P., Cook, M. S., Driscoll, N. W., Brigham-Grette, J.: Rapid sea-level rise
and Holocene climate in the Chukchi Sea, Geology, 34, 861-864, doi:10.1130/G22712.1, 2006.

Kennett, J., and Ingram, B.: A 20,000-year record of ocean circulation and climate change from the
Santa Barbara basin, Nature, 377, 510-514, doi:10.1038/377510a0, 1995.

Khim, B.-K., Kim, S., Uchida, M., and Itaki, T.: High organic carbon deposition in the northern
margin of the Aleutian Basin (Bering Sea) before the last deglaciation, Ocean Science Journal,
45, 203-211, doi:10.1007/s12601-010-0019-y, 2010.

Kim, S., Khim, B. K., Uchida, M., Itaki, T., and Tada, R.: Millennial-scale paleoceanographic events
and implication for the intermediate-water ventilation in the northern slope area of the Bering
Sea duriing the last 71 kyrs, Global And Planetary Change, 79, 89-98,
doi:10.1016/j.gloplacha.2011.08.004, 2011.

Kohler, P., Knorr, G., Bard, E.: Permafrost thawing as a possible source of abrupt carbon release at the
onset of the Bolling/Allered, Nature communications 5, doi:10.1038/ncomms6520, 2014.

Kohfeld, K. E., and Chase, Z.: Controls on deglacial changes in biogenic fluxes in the North Pacific
Ocean, Quaternary Science Reviews, 30, 3350-3363, doi:10.1016/j.quascirev.2011.08.0 07,
2011.

Kossler, A., Tarasov, P., Schlolaut, G., Nakagawa, T., Marshall, M., Brauer, A., Staff, R., Ramsey, C.
B., Bryant, C., Lamb, H., Demske, D., Gotanda, K., Haraguchi, T., Yokoyama, Y., Yonenobu,
H., and Tada, R.: Onset and termination of the late-glacial climate reversal in the high-
resolution diatom and sedimentary records from the annually laminated SG06 core from Lake
Suigetsu, Japan, Palacogeography Palacoclimatology Palacoecology, 306, 103-115,
doi:10.1016/j.palae0.2011.04.004, 2011.

Kuehn, H., Lembke-Jene, L., Gersonde, R., Esper, O., Lamy, F., Arz, H., G. Kuhn, and Tiedemann,
R.: Laminated sediments in the Bering Sea reveal atmospheric teleconnections to Greenland

107



References

climate on millennial to decadal timescales during the last deglaciation, Clim Past, 10, 2215-
2236, doi:10.5194/cp-10-2215-2014, 2014.

Kuhn, G.: Don't forget the salty soup: Calculations for bulk marine geochemistry and radionuclide
geochronology, Mineralogical Magazine, 77, 1516, doi:10.1180/minmag.2013.077.5.11, 2013.

Kuroyanagi, A., Kawahata, H., Nishi, H., and Honda, M. C.: Seasonal changes in planktonic
foraminifera in the northwestern North Pacific Ocean: sediment trap experiments from subarctic
and subtropical gyres, Deep Sea Research Part II: Topical Studies in Oceanography, 49, 5627-
5645, doi:10.1016/S0967-0645(02)00202-3, 2002.

Ladd, C., Stabeno, P., Cokelet, E. D.: A note on cross-shelf exchange in the northern Gulf of Alaska,
Deep Sea Research Part II: Topical Studies in Oceanography, 52, 667-679,
doi:10.1016/j.dsr2.2004.12.022, 2005.

Lam, P. J., Robinson, L. F., Blusztajn, J., Li, C., Cook, M. S., McManus, J. F., and Keigwin, L. D.:
Transient stratification as the cause of the North Pacific productivity spike during deglaciation,
Nature Geoscience, 6, 622-626, doi:10.1038/ngeo1873, 2013.

Lambeck, K., Rouby, H., Purcell, A., Sun, Y., and Sambridge, M.: Sea level and global ice volumes
from the Last Glacial Maximum to the Holocene, PNAS, 111, 15296-15303,
doi:10.1073/pnas.141176211, 2014.

Latif, M.: On North Pacific multidecadal climate variability, Journal of Climate, 19, 2906-2915,
doi:10.1175/JCLI3719.1, 2006.

Levitus, S., and Boyer, T. P.: World Ocean Atlas 1994, Volume 4: Temperature, in: NOAA Atlas
NESDIS 4, US Government Printing Office, Washington, DC, 117, 1994.

Loder, J. W., and Garrett, C.: The 18.6-year cycle of sea surface temperatures in shallow seas due to
variations in tidal mixing, Journal of Geophysical Research: Oceans, 83, 1967-1970,
doi:10.1029/JC083iC04p01967, 1978.

Luchin, V. A., Menovshchikov, V. A., Lavrentiev, V. M., and Reed, R. K.: Thermohaline Structure
and Water Masses in the Bering Sea, in: Dynamics of the Bering Sea, edited by: Loughlin, T.
R., and Ohtani, K., North Pacific MArine Science Organization (PICES) and Alaska Sea Grant
College Program, Fairbanks, AL, 29-60, 1999.

Lund, D. C., Mix, A. C., and Southon, J.: Increased ventilation age of the deep northeast Pacific Ocean
during the last deglaciation, Nature Geoscience, 4, 771-774, doi:10.1038/ngeo1272, 2011.

Maier, E., Meheust, M., Abelmann, A., Gersonde, R., Chapligin, B., Ren, J., Meyer, H., and
Tiedemann, R.: Deglacial subarctic Pacific surface water hydrography and nutrient dynamics
and links to North Atlantic climate variability and atmospheric CO2, Paleoceanography, 30,
949-968, doi:10.1002/2014PA 002763, 2015.

Mangerud, J., Andersen, S. T., Berglund, B. E., and Donner, J. J.: Quaternary stratigraphy of Norden,
a proposal for terminology and classification, Boreas, 3, 109-126, doi:10.1111/j.1502-
3885.1974.tb00669.x, 1974.

Manley, W.F.: Postglacial Flooding of the Bering Land Bridge: A Geospatial Animation: INSTAAR,
University of Colorado, v1, http://instaar.colorado.edu/QGISL/bering land bridge, 2002.

108



References

Mantua, N. J., Hare, S. R., Zhang, Y., Wallace, J. M., and Francis, R. C.: A Pacific interdecadal
climate oscillation with impacts on salmon production, Bull. Amer. Meteor. Soc., 78, 1069—
1079, doi:10.1175/1520-0477(1997)078<1069:APICOW>2.0.CO;2, 1997.

Mantua, N. J., and Hare, S. R.: The Pacific Decadal Oscillation, Journal of Oceanography, 58, 35-44,
doi:10.1023/A:1015820616384, 2002.

Matsumoto, K., Hashioka, T., and Yamanaka, Y.: Effect of temperature-dependent organic carbon
decay on atmospheric pCO2, Journal of Geophysical Research: Atmospheres, 112, G02007,
doi:10.1029/2006JG000187, 2007.

Max, L., Riethdorf, J.-R., Tiedemann, R., Smirnova, M., Lembke-Jene, L., Fahl, K., Niirnberg, D.,
Matul, A., and Mollenhauer, G.: Sea surface temperature variability and sea-ice extent in the
subarctic northwest Pacific during the past 15,000 years, Paleoceanography, 27, PA3213,
doi:10.1029/2012PA002292, 2012.

Max, L., Lembke-Jene, L., Riethdorf, J. R., Tiedemann, R., Niirnberg, D., Kiihn, H., and Mackensen,
A.: Pulses of enhanced North Pacific Intermediate Water ventilation from the Okhotsk Sea and
Bering Sea during the last deglaciation, Clim Past, 10, 591-605, do0i:10.5194/cp-10-591-2014,
2014.

McKay, J. L., Pedersen, T. F., and Southon, J.: Intensification of the oxygen minimum zone in the
northeast Pacific off Vancouver Island during the last deglaciation: Ventilation and/or export
production?, Paleoceanography, 20, PA4002, doi:10.1029/2003PA000979, 2005.

McManus, J. F., Francois, R., Gherardi, J.-M., Keigwin, L. D., and Brown-Leger, S.: Collapse and
rapid resumption of Atlantic meridional circulation linked to deglacial climate changes, Nature,
428, 834-837, doi:10.1038/nature02494, 2004.

Meheust, M.: Late Quaternary variability of sea-ice cover, surfacewater temperature and terrigenous
input in the subarctic North Pacific and the Bering Sea: A biomarker approach, Dissertation
Universitdt Bremen, 108 pp, 2014.

Mikolajewicz, U., Crowley, T. J., Schiller, A., and Voss, R.: Modelling teleconnections between the
North Atlantic and North Pacific during the Younger Dryas, Nature, 387, 384-387,
doi:10.1038/387384a0, 1997.

Minobe, S.: A 50-70 year climatic oscillation over the North Pacific and North America, Geophysical
Research Letters, 24, 683-686, doi:10.1029/97GL00504, 1997.

Mix, A., Lund, D., Pisias, N., Boden, P., Bornmalm, L., Lyle, M., and Pike, J.: Rapid climate
oscillations in the northeast Pacific during the last deglaciation reflect Northern and Southern
Hemisphere sources, in: Mechanisms of Global Climate Change at Millennial Time Scales,
edited by: Clark, P. U., Webb, R. S., and Keigwin, L. D., Geophysical Monograph Series,
American Geophysical Union, Washington, D.C., 127-148, 1999.

Moffitt, S. E., Moffitt, R. A., Sauthoff, W., Davis, C. V., Hewett, K., Hill, T. M.: Paleoceanographic
insights on recent oxygen minimum zone expansion: Lessons for modern oceanography. PLoS
ONE 10(1): e115246, doi:10.1371/journal.pone.0115246, 2015.

109



References

Monin, E., Indermiihle, A., Déllenbach, A., Fliickiger, J., Stauffer, B., Stocker, T. F., Raynaud, D.,
Barnola, J-M.: Atmospheric CO2 concentrations over the Last Glacial Termination, Science,
291, 112-114, doi:10.1126/science.291.5501.112, 2001.

Miiller, P. J. and Schneider, R.: An automated leaching method for the determination of opal in
sediments and particulate matter, Deep Sea Research I, 40, 425-444,
doi:10.1016/0967(93)90140-X, 1993.

Nakagawa, T., Gotanda, K., Haraguchi, T., Danhara, T., Yonenobu, H., Brauer, A., Yokoyama, Y.,
Tada, R., Takemura, K., Staff, R. A., Payne, R., Bronk Ramsey, C., Bryant, C., Brock, F.,
Schlolaut, G., Marshall, M., Tarasov, P., and Lamb, H.: SG06, a fully continuous and varved
sediment core from Lake Suigetsu, Japan: stratigraphy and potential for improving the
radiocarbon calibration model and understanding of late Quaternary climate changes,
Quaternary Science Reviews, 36, 164-176, doi:10.1016/j.quascirev.2010.12.013, 2012.

Nakamura, T., Awaji, T., Hatayama, T., Akitomo, K., Takizawa, T., Kono, T., Kawasaki, Y., and
Fukasawa, M.: The generation of large-amplitude unsteady lee waves by subinertial K1 tidal
flow: A possible vertical mixing mechanism in the Kuril Straits, Journal of Physical
Oceanography, 30, 1601-1621, doi:10.1175/1520-0485(2000)030<1601:TGOLAU>2.0.CO;2,
2000.

Nakatsuka, T., Watanabe, K., Handa, N., Matsumoto, E., and Wada, E.: Glacial to Interglacial Surface
Nutrient Variations of Bering Deep Basins Recorded by d13C and dI5N of Sedimentary
Organic-Matter, Paleoceanography, 10, 1047-1061, doi:10.1029/95PA 02644, 1995.

Nederbragt, A. J., and Thurow, J. W.: A 6000yr varve record of Holocene climate in Saanich Inlet,
British Columbia, from digital sediment colour analysis of ODP Leg 169S cores, Marine
Geology, 174, 95-110, doi:10.1016/S0025-3227(00)00144-4, 2001.

Nederbragt, A. J., and Thurow, J. W.: Amplitude of ENSO cycles in the Santa Barbara Basin, off
California, during the past 15 000 years, Journal of Quaternary Science, 20, 447-456,
doi:10.1002/jgs.946, 2005.

NGRIP-Members, Andersen, K. K., Azuma, N., Barnola, J. M., Bigler, M., Biscaye, P., Caillon, N.,
Chappellaz, J., Clausen, H. B., DahlJensen, D., Fischer, H., Fliickiger, J., Fritzsche, D., Fujii,
Y., Goto-Azuma, K., Gronvold, K., Gundestrup, N. S., Hansson, M., Huber, C., Hvidberg, C.
S., Johnsen, S. J., Jonsell, U., Jouzel, J., Kipfstuhl, S., Landais, A., Leuenberger, M., Lorrain,
R., Masson-Delmotte, V., Miller, H., Motoyama, H., Narita, H., Popp, T., Rasmussen, S. O.,
Raynaud, D., Roéthlisberger, R., Ruth, U., Samyn, D., Schwander, J., Shoji, H., Siggard-
Andersen, M. L., Steffensen, J. P., Stocker, T., Sveinbjornsdottir, A. E., Svensson, A., Takata,
M., Tison, J. L., Thorsteinsson, T., Watanabe, O., Wilhelms, F., and White, J. W. C.: High-
resolution record of Northern Hemisphere climate extending into the last interglacial period,
Nature, 431, 147-151, doi:10.1038/nature02805, 2004.

Niebauer, H. J.: Sea ice and temperature variability in the eastern Bering Sea and the relation to
atmospheric fluctuations, Journal of Geophysical Research: Oceans, 85, 7507-7515,
doi:10.1029/JC0851C12p07507, 1980.

Niebauer, H. J.: Multiyear sea ice variability in the eastern Bering Sea: An update, Journal of
Geophysical Research: Oceans, 88, 2733-2742, doi:10.1029/JC0881C05p02733, 1983.

110



References

Niebauer, H. J., and Alexander, V.: Oceanographic frontal structure and biological production at an
ice edge, Cont Shelf Res, 4, 367-388, d0i:10.1016/0278-4343(85)90001-9, 1985.

Niebauer, H. J., Alexander, V., and Henrichs, S. M.: A time-series study of the spring bloom at the
Bering Sea ice edge I. Physical processes, chlorophyll and nutrient chemistry, Cont Shelf Res,
15, 1859-1877, doi:10.1016/0278-4343(94)00097-7, 1995.

Nishioka, J., Ono, T., Saito, H., Nakatsuka, T., Takeda, S., Yoshimura, T., Suzuki, K., Kuma, K.,
Nakabayashi, S., Tsumune, D., Mitsudera, H., Keith Johnson, W., and Tsuda, A.: Iron supply to
the western subarctic Pacific: Importance of iron export from the Sea of Okhotsh, Journal of
Geophysical Research: Oceans, 112, C10012, doi:10.1029/2006JC004055, 2007.

Nuernberg, D., Tiedemann, R.: Environmental change in the Sea of Okhotsk during the last 1.1
million years, Paleoceanography, doi:10.1029/2004PA001023, 2004.

Ohkushi, K., Itaki, T., Nemoto, N.: Last Glacial-Holocene change in intermediate-water ventilation in
the Northwestern Pacific, Quaternary Sciene Reviews, 22, 1477-1484, doi:10.1016/S0277-
3791(03)00082-9, 2003.

Okada, M., Takagi, M., Narita, H., Takahashi, K.: Chronostratigraphy of sediment cores from the
Bering Sea and the subarctic Pacific based on paleomagnetic and oxygen isotopic analysis,
Deep Sea Research Part II: Topical Studies in Oceanography, 52, 2092-2109,
doi:10.1016/j.dsr2.2005.08.004, 2005.

Okazaki, Y., Takahashi, K., Asahi, H., Katsuki, K., Hori, J., Yasuda, H., Sagawa, Y., and Tokuyama,
H.: Productivity changes in the Bering Sea during the late Quaternary, Deep Sea Research Part
II: Topical Studies in Oceanography, 52, 2150-2162, doi:10.1016/j.dsr2.2005.07.003, 2005.

Okazaki, Y., Timmermann, A., Menviel, L., Harada, N., Abe-Ouchi, A., Chikamoto, M. O., Mouchet,
A., and Asahi, H.: Deepwater formation in the North Pacific during the Last Glacial
Termination, Science, 329, 200-204, doi:10.1126/Science.1190612, 2010.

Okumura, Y. M., Deser, C., Hu, A., Timmermann, A., and Xie, S.-P.: North Pacific Climate Response
to Freshwater Forcing in the Subarctic North Atlantic: Oceanic and Atmospheric Pathways,
Journal Of Climate, 22, 1424-1445, doi:10.1175/2008JCLI2511.1, 2009.

Ortiz, J. D., O'Connell, S. B., Delviscio, J., Dean, W., Carriquiry, J. D., Marchitto, T., Zheng, Y., and
Van Geen, A.: Enhanced marine productivity off western North America during warm climate
intervals of the past 52 ky, Geology, 32, 521-524, doi:10.1130/G20234.1, 2004.

Osafune, S., and Yasuda, I.: Bidecadal variability in the intermediate waters of the northwestern
subarctic Pacific and the Okhotsk Sea in relation to 18.6-year period nodal tidal cycle, Journal
of Geophysical Research: Oceans, 111, doi:10.1029/2005JC003277, 2006.

Osafune, S., and Yasuda, I.: Bidecadal variability in the Bering Sea and the relation with 18.6 year
period nodal tidal cycle, Journal of Geophysical Research: Oceans, 115,
doi:10.1029/2008JC005110, 2010.

Overland, J. E., Adams, J. M., and Bond, N. A.: Decadal variability of the Aleutian low and its
relation to high-latitude circulation, Journal Of Climate, 12, 1542-1548, doi:10.1175/1520-
0442(1999)012<1542:DVOTAL>2.0.CO;2, 1999.

111



References

Overland, J. E., Wang, M., Wood, K. R., Percival, D. B., Bond, N. A.: Recent Bering Sea warm and
cold events in a 95-year context, Deep Sea Research Part II: Topical Studies in Oceanography,
65-70, 6-13, doi:10.1016/j.dsr2.2012.013, 2012.

Paillard, D., Labeyrie, L., Yiou, P.: Macintosh program performs time-series analysis, EOS Trans.
AGU, 77, do0i:10.1029/96E000259, 1996.

Paulmier, A., and Ruiz-Pino, D.: Oxygen minimum zones (OMZs) in the modern ocean, Prog
Oceanogr, 80, 113-128, doi:10.1016/j.pocean.2008.08.001, 2009.

Praetorius, S. K., and Mix, A. C.: Synchronization of North Pacific and Greenland climates preceeded
abrupt deglacial warming, Science, 345, 444-448, doi:10.1126/science.125200, 2014.

Rasmussen, S., Andersen, K., Svensson, A., Steffensen, J., Vinther, B., Clausen, H., Siggaard-
Andersen, M., Johnsen, S., Larsen, L., Dahl-Jensen, D., Bigler, M., Rothlisberger, R., Fischer,
H., Goto-Azuma, K., Hansson, M., and Ruth, U.: A new Greenland ice core chronology for the
last glacial termination, Journal of Geophysical Research: Atmospheres, 111, D06102,
doi:10.1029/2005JD006079, 2006.

Rasmussen, S. O., Vinther, B. M., Clausen, H. B., and Andersen, K. K.: Early Holocene climate
oscillations recorded in three Greenland ice cores, Quaternary Science Reviews, 26, 1907-1914,
doi:10.1016/j.quascirev.2007.06.015, 2007.

Reimer, P. J., Bard, E., Bayliss, A., Beck, J. W., Blackwell, P. G., Bronk Ramsey, C., Buck, C. E.,
Cheng, H., Edwards, R. L., Friedrich, M., Grootes, P. M., Thomas, P. G., Haflidason, H.,
Hajdas, 1., Hatte, C., Heaton, T. J., Hoffmann, D. L., Hogg, A. G., Hughen, K. A., Kaiser, K. F.,
Kromer, B., Manning, S. W., Niu, M., Reimer, R. W, Richards, D. A., Scott, E. M., Southon, J.
R., Staff, R. A., Turney, C. S. M., and van der Plicht, J.: INTCAL13 and MARINE13
Radiocarbon Age Calibration Curves 0-50,000 Years cal. BP, Radiocarbon, 55, 1869-1887,
doi:10.2458/azu_js rc.55.16947,2013.

Rella, S. F., Tada, R., Nagashima, K., Ikehara, M., Itaki, T., Ohkushi, K. i., Sakamoto, T., Harada, N.,
and Uchida, M.: Abrupt changes of intermediate water properties on the northeastern slope of
the Bering Sea during the last glacial and deglacial period, Paleoceanography, 27, PA3203,
doi:10.1029/2011PA002205, 2012.

Ren, J., Gersonde, R., Esper, O., and Sancetta, C.: Diatom distributions in northern North Pacific
surface sediments and their relationship to modern environmental variables, Palaecogeography,
Palaeoclimatology, Palacoecology, doi:10.1016/j.palae0.2014.03.008, 2014.

Reynolds, R. W., Rayner, N. A., Smith, T. M., Stokes, D. C., Wang, W.: An improved in situ and
satellite SST analysis for climate, Journal of climate, 15, 1609-1625, doi:10.1175/1520-
0442(2002)015<1609:AIISAS>2.0.CO;2, 2002.

Richter, T. O., van der Gaast, S., Koster, B., Vaars, A., Gieles, R., de Stigter, H. C., De Haas, H., van
Weering, T. C. E.: The Avaatech XRF core scanner: technical description and application to NE
Atlantic sediments, Geological Society, London, Special Publications, 267, 39-50,
doi:11.1144/GSL.SP.2006.267.01.03, 2006.

112



References

Riethdorf, J.-R., Max, L., Niirnberg, D., Lembke-Jene, L., and Tiedemann, R.: Deglacial history of
(sub) sea surface temperatures and salinity in the subarctic NW Pacific: Implications for upper-
ocean stratification, Paleoceanography, 28, 91-104, doi:10.1002/palo.20014, 2013a.

Riethdorf, J. R., Niirnberg, D., Max, L., Tiedemann, R., Gorbarenko, S. A., and Malakhov, M. L.:
Millennial-scale variability of marine productivity and terrigenous matter supply in the western
Bering Sea over the past 180 kyr, Clim Past, 9, 1345-1373, doi:10.5194/cp-9-1345-2013, 2013.

Roden, G. I.: Aleutian Basin of the Bering Sea: Thermohaline , oxygen, nutrient and current structure
in July 1993, Journal of Geophysical Research: Oceans, 100, 13539-13554,
doi:10.1029/95JC01291, 1995.

Roark, E. B., Ingram, B. L., Southon, J., and Kennett, J. P.: Holocene foraminiferal radiocarbon record
of paleocirculation in the Santa Barbara Basin, Geology, 31, 379-382, doi:10.1130/0091-
7613(2003)031<0379:HFRROP>2.0.CO;2, 2003.

Rodionov, S. N., Bond, N. A., and Overland, J. E.: The Aleutian Low, storm tracks, and winter
climate variability in the Bering Sea, Deep-Sea Research Part II: Topical Studies in
Oceanography, 54, 2560-2577, doi:10.1016/j.dsr2.2007.08.002, 2007.

Royer, T. C.: High-latitude oceanic variability associated with the 18.6-year nodal tide, Journal of
Geophysical Research: Oceans, 98, 4639-4644, doi:10.1029/92JC02750, 1993.

Ruth, U., Bigler, M., Réothlisberger, R., Siggaard-Andersen, M.-L., Kipfstuhl, S., Goto-Azuma, K.,
Hansson, M. E., Johnsen, S. J., Lu, H., and Steffensen, J. P.: Ice core evidence for a very tight
link between North Atlantic and east Asian glacial climate, Geophysical Research Letters, 34,
L03706, doi:10.1029/2006GL027876, 2007.

Saenko, O. A., Schmittner, A., and Weaver, A. J.: The Atlantik-Pacific seasaw, Journal of climate, 17,
2033-2038, doi:10.1175/1520-0442(2004)017<2033:TAS>2.0CO;2, 2004.

Sancetta, C., Heusser, L., Labeyrie, L., Naidu, A. S., and Robinson, S. W.: Wisconsin Holocene
Paleoenvironment of the Bering Sea - Evidence from Diatoms, Pollen, Oxygen Isotopes and
Clay-Minerals, Marine Geology, 62, 55-68, doi:10.1016/0025-3227(84)90054-9, 1984.

Sarnthein, M., Winn, K., Jung, S. J. A., Duplessy, J-C., Labeyrie, L., Erlenkeuser, H., Ganssen, G.:
Changes in east Atlantic deepwater circulation over the last 30,000 years: Eight time slice
reconstructions, Paleoceanography, 9, 209-267, doi:10.1029/93PA03301, 1994.

Sarnthein, M., Stattegger, K., Dreger, D., Erlenkeuser, H., Grootes, P., Haupt, B. J., Jung, S., Kiefer,
T., Kuhnt, W., Pflaumann, U., Schéfer-Neth, C., Schulz, H., Schulz, M., Seidov, D., Simstich,
J., van Kreveld, S., Vogelsang, E., Volker, A and Weinelt, M.: Fundamental modes and abrupt
changes in North Atlantic circulation and climate over the last 60 ky — Concepts, reconstruction
and numerical modeling, In: The North Atlantic: A changing environment. Edited by P.
Schéfer, W. Ritzrau, M. Schliiter and J. Thiede, pp. 365-410, Springer, Berlin, 2000.

Sarnthein, M., Grootes, P. M., Kennett, J. P., and Nadeau, M.: 14C Reservoir Ages Show Deglacial
Changes in Ocean Currents and Carbon Cycle, in: Ocean Circulation: Mechanisms and Impacts,
Ist ed., edited by: Schmittner, A., Chiang, J., and Hemming, S., Geophysical Monograph Series,
173, American Geophysical Union, Washington, 175-196, 2007.

113



References

Sarnthein, M., Schneider, B., and Grootes, P. M.: Peak glacial C ventilation ages suggest major
draw-down of carbon into the abyssal ocean, Clim Past, 9, 2595-2614, d0i:10.5194/cp-9-2595-
2013, 2013.

Sarnthein, M., Balmer, S.,. Grootes, P. M., Mudelsee, M.: Planktic and benthic "*C reservoir ages for
three ocean basins, calibrated by a suite of “c plateaus in the glacial-to-deglacial Suigetsu
atmospheric ¢ record, Radiocarbon, 57, 1-23,doi:10.2458/azu_rc.57.17916, 2015.

Schlitzer, R.: Interactive analysis and visualization of geoscience data with Ocean Data View,
Computers & Geosciences, 28, 1211-1218, doi:10.1016/S0098-3004(02)00040-7, 2002.y

Schlung, S. A., Christina Ravelo, A., Aiello, I. W., Andreasen, D. H., Cook, M. S., Drake, M., Dyez,
K. A., Guilderson, T. P., Lariviere, J. P., Stroynowski, Z., and Takahashi, K.: Millennial-scale
climate change and intermediate water circulation in the Bering Sea from 90 ka: A high-
resolution record from IODP Site U1340, Paleoceanography, 28, doi:10.1029/2012PA 002365,
2013.

Schmittner, A., Oschlies, A., Matthews, H. D., and Galbraith, E.D.: Future changes in climate, ocean
circulation, ecosystems, and biogeochemical cycling simulated for a business-as-usual CO2
emission scenario until year 4000 AD, Global Biogeochem. Cycles, 22, GBI1013,
doi:10.1029/2007GB002953, 2008.

Shaffer, G., Olsen, S. M., and Pedersen, J. O., P.: Long-term ocean oxygen depletion in response to
carbon dioxide emissions from fossil fuels, Nat. Geosci., 2, 105-109, doi:10.1038/ngeo420,
2009.

Shibahara, A., Ohkushi, K., Kennett, J. P., and Ikehara, K.: Late Quaternary changes in intermediate
water oxygenation and oxygen minimum zone, northern Japan: A benthic foraminiferal
perspective, Paleoceanography, 22, PA3213, doi:10.1029/2005PA001234, 2007.

Sigman, D. M., Hain, M. P., and Haug, G. H.: The polar ocean and glacial cycles in atmospheric CO2
concentration, Nature, 466, 47-55, doi:10.1038/nature09149, 2010.

Southon, J., and Fedje, D.: A post-glacial record of 14C reservoir ages for the British Columbia coast,
Canadian Journal of Archaeology, 27, 95-111, 2003.

Springer, A. M., McRoy, C. P., and Flint, M. V.: The Bering Sea Green Belt: shelf-edge processes and
ecosystem  production, Fisheries Oceanography, 5, 205-223, do:10.1111/j.1365-
2419.1996.tb00118.x, 1996.

Stabeno, P.J., Schumacher, J.D. and Ohtani, K.: Physical oceanography of the Bering Sea, in
Loughlin, T.R. & Ohtani, K., eds, The Bering Sea: a Summary of physical, chemical and
biological characteristics and a synopsis of research: Alaska Sea Grant Press, 1-28, 1999.

Stabeno, P. J., Bond, N. A., Kachel, N. B., Salo, S. A., and Schumacher, J. D.: On the temporal
variability of the physical environment over the south-eastern Bering Sea, Fisheries
Oceanography, 10, 81-98, doi:10.1046/.1365-2419.2001.00157.x, 2001.

Stabeno, P. J., Kachel, D. G., Kachel, N. B., and Sullivan, M. E.: Observation from moorings in the
Aleutian Passes: temperature, salinity and transport, Fisheries Oceanography, 14, 39-54,
doi:10.1111/5.1365-2419.2005.00362.x, 2005.

114



References

Staff, R. A., Nakagawa, T., Schlolaut, G., Marshall, M. H., Brauer, A., Lamb, H. F., Bronk Ramsey,
C., Bryant, C. L., Brock, F., Kitagawa, H., van der Plicht, J., Payne, R. L., Smith, V. C., Mark,
D. F., MacLeod, A., Blockley, S. P. E., Schwenninger, J.-L., Tarasov, P. E., Haraguchi, T.,
Gotanda K., Yonenobu, H., Yokoyama, Y. and Suigetsu 2006 Project Members.: The multiple
chronological techniques applied to the Lake Suigetsu SG06 sediment core, Japan, Boreas,
42(2), 259-266, doi:10.1111/j.1502-3885.2012.00278.x, 2012.

Steffensen, J. P., Andersen, K. K., Bigler, M., Clausen, H. B., Dahl-Jensen, D., Fischer, H., Goto-
Azuma, K., Hansson, M., Johnsen, S. J., Jouzel, J., Masson-Delmotte, V., Popp, T., Rasmussen,
S. O., Rothlisberger, R., Ruth, U., Stauffer, B., Siggaard-Andersen, M. L., Sveinbjornsdottir, A.
E., Svensson, A., and White, J. W. C.: High-Resolution Greenland Ice Core Data Show Abrupt
Climate Change Happens in Few Years, Science (New York, NY), 321, 680-684,
doi:10.1126/science.1157707, 2008.

Stramma, L., Schmidtko, S., Levin, L. A., Johnson, G. C.: Ocean oxygen minima expansions and their
biological impacts. Deep Sea Research I, 57, 587-595, doi:10.1016/j.dsr.2010.01.005, 2010.

Stuiver, M., and Polach, H.: Discussion: Reporting of 14C Data, Radiocarbon, 19, 355-363, 1977.

Stuiver, M., and Reimer, P. J.: Extended 14C database and revised CALIB radiocarbon calibration
program, Radiocarbon, 35, 215-230, 1993.

Tadokoro, K., Ono, T., Yasuda, 1., Osafune, S., Shiomoto, A., and Sugisaki, H.: Possible mechanisms
of decadal-scale variation in PO4 concentration in the western North Pacific, Geophysical
Research Letters, 36, L08606, doi:10.1029/2009GL037327, 2009.

Takahashi, K.: The Bering Sea and paleoceanography, Deep Sea Research Part II: Topical Studies in
Oceanography, 52, 2080-2091, doi:10.1016/j.dsr2.2005.08.003, 2005.

Takahashi, K., Fujitani, N., Yanada, M.: Long term monitoring of particle fluxes in the Bering Sea and
the central subarctic Pacific Ocean, 1990-2000, Progress in Oceanography, 55, 95-112,
doi:10.1016/S0079-6611(02)00072, 2002.

Takahashi, K., Ravelo, A. C., Alvarez Zarikian, C., and Expedition323Scientists: Bering Sea
Paleoceanography Expedition 323 of the riserless drilling platform. Victoria, British Columbia
(Canada), to Yokohama, Japan; Sites U1339-U1345; 5 July—4 September 2009, in: Proceedings
of the Integrated Ocean Drilling Program, Volume 323, Integrated Ocean Drilling Program
Management International, Inc., Tokyo, 2011.

Tanaka, S., and Takahashi, K.: Late Quaternary paleoceanographic changes in the Bering Sea and the
western subarctic Pacific based on radiolarian assemblages, Deep Sea Research Part II: Topical
Studies in Oceanography, 52, 2131-2149, doi:10.1016/j.dsr2.2005.07.002, 2005.

Taylor, K. C., Mayewski, P. A., Alley, R. B., Brook, E. J., Gow, A. J., Grootes, P. M., Meese, D. A.,
Saltzman, E. S., Severinghaus, J. P., Twickler, M. S., White, J. W. C., Whitlow, S., and
Zielinski, G. A.: The Holocene-Younger Dryas Transition Recorded at Summit, Greenland,
Science (New York, NY), 278, 825-827, doi:10.1126/science.278.5339.825, 1997.

Telford, R. J., Heegaard, E., and Birks, H. J. B.: The intercept is a poor estimate of a calibrated
radiocarbon age, The Holocene, 14, 296-298, d0i:10.1191/0959683604h1707fa, 2004.

115



References

Tjallingii, R.: Application and quality of X-Ray Fluorescence core scanning in reconstructing late
Pleistocene NW African continental margin sedimentation patterns and paleoclimate variations.
Dissertation Universitdt Bremen, 114 pp, 2006.

Tjallingii, R., Rohl, U., Kolling, M., and Bickert, T.: Influence of the water content on X-ray
fluorescence core-scanning measurements in soft marine sediments, Geochem Geophy Geosy,
8, Q02004, doi:10.1029/2006GC001393, 2007.

Tsunogai, S., Kusakabe, M., lizumi, H., Koike, 1., and Hattori, A.: Hydrographic features of the deep
water of the Bering Sea — The Sea of Silica, Deep Sea Research Part A. Oceanographic
Research Papers, 26, 641-659, doi:10.1016/0198-0149(79)90038-4, 1979.

van der Plicht, J., van Geel, B., Bohncke, S. J. P., Bos, J. A. A., Blaauw, M., Speranza, A. O. M.,
Muscheler, R., and Bjorck, S.: The Preboreal climate reversal and a subsequent solar-forced
climate shift, Journal of Quaternary Science, 19, 263-269, doi:10.1002/jgs.835, 2004.

van Geen, A., Zheng, Y., Bernhard, J. M., Cannariato, K. G., Carriquiry, J., Dean, W. E., Eakins, B.
W., Ortiz, J. D., and Pike, J.: On the preservation of laminated sediments along the western
margin of North America, Paleoceanography, 18, doi:10.1029/2003/PA000911, 2003.

van Loon, H., Meehl, G. A., and Shea, D.J.: Coupled air-sea response to solar forcing in the Pacific
region during northern winter, Journal of Geophysical Research: Atmospheres, 112, D02108,
doi:10.1029/2006JD007378, 2007.

Vellinga, M., and Wood, R. A.: Global climatic impacts of a collapse of the Atlantic thermohaline
circulation, Climatic Change, 54, 251-267, doi:10.1023/A:1016168827653, 2002.

Watanabe, S., Tada, R., Ikehara, K., Fujine, K., and Kido, Y.: Sediment fabrics, oxygenation history,
and circulation modes of Japan Sea during the Late Quaternary, Palacogeography
Palaeoclimatology Palaeoecology, 247, 50-64, doi:10.1016/j.palae0.2006.11.021, 2007.

Whitney, F. A., Freeland, H. J., Robert, M.: Persistently declining oxygen levels in the interior waters
of the eastern subarctic Pacific, Progress in Oceanography 75, 179-199,
doi:10.1016/j.pocean.2007.08.0007, 2007.

Wilhelms-Dick, D., Westerhold, T., Rohl, U., Wilhelms, F., Vogt, C., Hanebuth, T. J. J,
Rémmermann, H., Kriews, M., and Kasten, S.: A comparison of mm scale resolution techniques
for element analysis in sediment cores, Journal of Analytical Atomic Spectrometry, 27, 1574-
1584, doi:10.1039/c2ja30148b, 2012.

Wilson, R., Wiles, G., D’Arrigo, R., Zweck, C.: Cycles and shifts: 1,300 years of multi-decadal
temperature variability in the Gulf of Alaska, Climate Dynamics, 28, 425-440,
doi:10.1007/s00382-006-0194-9, 2007.

Woodgate, R. A., Weingartner, T., and Lindsay, R.: The 2007 Bering Strait oceanic heat flux and
anomalous Arctic sea-ice retreat, Geophysical Research Letters, 37, L01602,
doi:10.1029/2009GL041621, 2010.

Yasuda, 1., Osafune, S., Tatebe, H.: Possible explanation linking 18.6-year nodal tidal cycle with bi-
decadal variations of ocean and climate in the North Pacific, Geophysical Research Letters, 33,
L08606, doi: 10.1029/2005GL025237, 2006.

116



References

Yasuda, I.: The 18.6-year period moon-tidal cycle in Pacific Decadal Oscillation reconstructed from
tree-rings in western North America, Geophysical Research Letters, 36, L05605,
doi:10.1029/2008GL036880, 2009.

Zheng, Y., Van Geen, A., Anderson, R. F., Gardner, J. V., and Dean, W. E.: Intensification of the
northeast Pacific oxygen minimum zone during the Bolling-Allerod warm period,
Paleoceanography, 15, 528-536, doi:10.1029/1999PA 000473, 2000.

Ziegler, M., Jilbert, T., de Lange, G. J., Lourens, L. J., and Reichart G-J.: Bromine counts from XRF
scanning as an estimate of the marine organic carbon content of sediment cores, Geochemistry
Geophysics Geosystems, 9, doi:10.1029/2007GC001932, 2008.

117



References

118




Appendix

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 d"“C 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 d"°C 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

IP,s 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, IP,s was combined to phytoplankton biomarkers data to

calculate the marker-IP,s index (PIP;s).

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
(Bolling—Allerad) 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.
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