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The position of consecutive 405 kyr minima, using time series analyses of proxy records and
lithological observations:

Ma,gs9: The position of the topmost 405-kyr minimum, the base of cycle Ma,gs9, can be reliably
obtained from correlation to Zumaia from cycle 157 to 185 (Fig. 2, and Batenburg et al., 2012), and is
characterized by two limestone-marl alternations in which the lithologies are very similar, indicating
a reduced amplitude of the underlying forcing mechanism. Specifically, the limestones of cycles 173
and 174 are not prominent and the marl in between, of cycle 173, is particularly thin and light in
colour. Upwards from cycle 171 and downwards from cycle 175, the marls are again darker and
thicker. The interval of cycles 172 to175 is characterized by low values of magnetic susceptibility,
and a minimum in its 10.7 m filtered component.

Mayos10: Downwards, from cycle 176 to 187, limestones and marls are distinct and cycles are thick,
corresponding to a 405-kyr maximum. The interval from cycle 188 to 196 is bounded by marls in
which slightly more carbonate rich, but hardly distinguishable, layers occur. These probably
represent the very poorly developed limestone-part of a cycle, and have been marked “a” and “b” in
the log (Fig. 2). These cycles are likely to have been deposited in the ~ 100-kyr minima of eccentricity
within a 405-kyr minimum. In the middle of this interval, the marl of cycle 191 is very thin and light
in colour and the limestone of cycle 192 is not prominent. This interval is likely to represent the 405-
kyr minimum at the base of cycle Mays10, which spans 19 cycles and a potential additional cycle
marked with “a@” and “b”. The minimum interpreted from the lithology coincides with low values,
decreased variability, and a minimum in the 10.7 m filtered component of magnetic susceptibility.

Maggs11: Cycles 197 to 205 below consist of distinct limestone-marl alternations. Cycle 206 again has
a lighter and more resistant level within the marl, marked with “a” and “b”, likely to represent a 100-
kyr minimum close to a 405-kyr minimum. Cycles 206 and 211 have very poorly developed
limestones, which are relatively thin and not prominent. Cycles 207 and 212 have the most
prominent limestones in this interval and have the lowest values of magnetic susceptibility. This
interval is interpreted as the 405-kyr minimum at the base of Ma,ys11, and coincides with a
minimum in the 10.7 m filtered component of magnetic susceptibility.

Mayos12: Cycles 212 to 224 display a very regular alternation of relatively thin limestones and marls
in which no bundling can be observed. However, values of magnetic susceptibility are high and
variations large, indicative of a 405-kyr maximum of eccentricity. The absence of bundling may be
the expression of a longer term minimum in eccentricity which reduces the amplitude of the ~100
kyr cycles. Downwards, cycles 225 to 233 form the uppermost part of a promontory on the beach.
The resistance of the beds likely reflects a slightly higher carbonate content. Some bundling can be
observed with a relatively dark marl in cycle 227 and in cycles 230 to 233, bounded by intervals with
lighter marls. The limestone of cycle 229 is thin and not prominent, and is bounded by light-coloured
marls. The limestone of cycle 230 has very low values of magnetic susceptibility. The interval of
cycles 225 to 133 coincides with a minimum in the 10.7 m filtered component of magnetic
susceptibility and is likely to span the 405-kyr minimum at the base of cycle Magygs12.



Mayos13: Cycles 234-244 show distinct limestone-marl alternations with variation in the thickness
and colour of the marls. Cycles 234, 238 and 243 in particular have very thin and light-coloured
marls, reflecting a bundling of limestone-marl alternations in groups of five. Cycles 245 to 252 form
the lowermost part of the promontory on the beach, with relatively little difference among cycles,
except in the middle of this interval. The marl of cycle 248 is thin and light, and the bounding
limestones of cycles number 248 and 249 are not as prominent as those of neighbouring cycles. The
interval coincides with low values of magnetic susceptibility and is interpreted as the 405-kyr
minimum of cycle Maygs13.

Following page:

Supplementary Table 1: Semi-quantitative distribution range chart of selected calcareous
nannofossil taxa in the Zumaia and Sopelana sections. F, few; R, rare, VR, very rare; S, single (see
methods for details). Species having biostratigraphical significance are highlighted in pale grey. Dark
grey indicates occurrences interpreted as reworked. Modified from Pérez-Rodriguez et al. (2012) for
results on the Zumaia section.
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Supplementary Figure 1: Paleogeographic setting (Gomez-Alday et al., 2008), simplified geologic map
of the study area from Pujalte et al. (1998) and schematic stratigraphic log from Ward et al. (1991).

Supplementary Figure 2: Examples of Zijderveld diagrams and equal area projections for the
paleomagnetic results of the Sopelana section.



Supplementary Figure 3: Stratigraphic log of the Sopelana section with total reflectance L* on the
left and magnetic susceptibility on the right. The data are flanked by their band-pass filters, wavelet
analyses and Redfit power spectra. The band-pass filters of reflectance are centred at 10 m (drak
grey, bandwidth 7.7-14.3 m), 2.9 m (middle grey, bandwidth 2.0-5.0 m) and 0.62 m (light grey,
bandwidth 0.45-1.0 m). The filters for magnetic susceptibility are centred at 10.7 m (dark red,
bandwidth 8.1-15.8 m), 2.4 m (red, bandwidth 1.8-3.8 m) and 0.65 m (pink, bandwidth 0.47-1.06 m).
The horizontal pink bands indicate the stratigraphic levels that are identified as 405 kyr minima, with
the black Maygs numbers indicating the 405 kyr eccentricity cycles following the nomenclature of
Husson et al. (2011).



Supplementary Figure 4: Redfit3.8 power spectra of the combined Zumaia-Sopelana data records
(top three rows) and the Sopelana data records (bottom three rows) with main periodicities
indicated and with 99, 95, 90 and 80% x* confidence levels. Left: power spectra of the Reflectance
(L*) records and the Magnetic Susceptibility (MS) records in the depth domain, plotted on
logarithmic and linear frequency scales. Right: power spectra of the Reflectance and Magnetic
Susceptibility records in the time domain.



