Supplementary Text

Age-depth model for the Tumara Paleosol Sequence

In order to construct an age-depth model for the Tumara Paleosol Sequence, we used tie points to match (i) the D minimum in Unit B1 to the global Last Glacial Maximum, (ii) the B/C unit boundary to the MIS 5/4 transition, (iii) unit C2 to MIS 5d, (iv) the C/D boundary to the penultimate termination, (v) the D/E boundary to the onset of the penultimate glacial, and (vi) the low D values at the bottom of the profile to MIS 7d (Fig. S1). The respective depth-age pairs are 230/25, 490/70, 745/110, 965/130, 1245/190 and 1460/220 (depths in cm /ages in ka). 
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Figure S1. Comparison of the TOC and D record from the Tumara Paleosol Sequence with the marine 18O stack (Lisiecki and Raymo, 2005). The vertical grey lines mark the tie points chosen for the age-depth model.
Given the large methodological uncertainties of the numeric ages, the constructed age-depth model seems plausible. It yields an almost steady age depth model (Fig. S2), which indicates that likely no major changes in sedimentation rates or hiatuses occurred. This is generally in agreement with the stratigraphical and geochemical results; the ice wedge at ~5 m depth is the only cryoturbation feature in the outcrop.
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Annually integrated insolation forcing – obliquity versus eccentricity
The integrated annual insolation (IAI) at high latitudes is dominantly controlled by 40 ka obliquity (Huybers, 2006) (Fig. S3). IAI at low latitudes (e.g. 40°N) also dominantly shows obliquity, but the sign reverses. Our calculations revealed that this change occurs between 44 and 43°N. At those mid-latitudes, IAI is strongly controlled by 100 ka eccentricity cycles. 
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Figure S2. Stratigraphy, numeric age control (as in Fig. 2), and age-depth model for the Tumara Paleosol Sequence using the chosen tie points.





Figure S3. Integrated annual insolation (IAI) for 55, 44, 43 and 40°N (Berger and Loutre, 1991).
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