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Abstract

Deep-sea δ18O records show a pronounced difference in Milankovitch periodicity between the Early and Late Pleistocene. δ18O

is interpreted as a proxy for ice sheet volume and temperature, which led to the conclusion that glacial-interglacial cycles

considerably changed their rhythm during the mid-Pleistocene. This transition is referred to as the mid-Pleistocene Transition

(MPT). Specifically, the precessional component of the Milankovitch cycles is absent in Early Pleistocene δ18O records, despite

its continuous presence in solar insolation forcing to the ice sheets. Climate feedbacks involving (sea) ice, geological processes

and carbon and nutrient cycling have been proposed as causes of this marked change. We however show that the absence of an

Early Pleistocene precession signal in deep-sea δ18O records could be the result of destructive interference of the precessional

cycle in the interior ocean. Such cancellation is caused by the anti-phasing of the precessional cycle between the North Atlantic

and Southern Ocean deep-water sources (see Figure). We explore the potential for cancellation in the transient setup of the

Total Matrix Intercomparison model for a wide range of source signal strengths. Our results show that cancellation can cause

the absence of the precessional signal due to cancellation in the interior South-Atlantic, Indian and Pacific basins. Cancellation

is especially widespread for a relative end-member contribution typical for the Early Pleistocene. We therefore conclude that the

precessional component is likely incompletely archived in Early Pleistocene δ18O records, and appears as an actual change in

Milankovitch periodicity across the MPT. Proxies not susceptible to cancellation of precession (such as those currently retrieved

across the MPT from Antarctica) would be able to verify to what extent deep-sea δ18O correctly represents Pleistocene climate.
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MOTIVATION

δ¹⁸O records from deep-sea sediment cores show a marked contrast in dominant periodicity between the Early (here, 2-1.2 Mya)
and Late Pleistocene (here, 0.8-0 Mya). From variations in insolation we mainly expect obliquity (~41 ky) and precession (~23
ky) to dominate the spectrum. However, the precessional cycle (~23 ky) is absent in Early Pleistocene records.

Different hypotheses have been proposed to understand this marked contrast in periodicity (the Mid Pleistocene Transition, the
MPT). We explore the role of the cancellation of the out-of-phase hemispheric precessional signals (Raymo et al., 2006), providing
an alternative view of the MPT.
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METHODS
TMI model and Northern versus Southern boundary forcing. We applied the Total Matrix Intercomparison model (TMI; Gebbie
and Huybers, 2012) for different relative end-member strengths in the Northern (N) and Southern (S) deep water formation regions
(S/N). Solar insolation containing similar obliquity and precessional cyclic power is used as a time-varying boundary condition for
the two main deep-water formation regions:

An Atlantic meridional transect showing the cyclic Northern and Southern signals entering the ocean
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South North

The TMI model is representative of the contemporary ocean circulation, and we explore the effects of changes in source signal
strength (S/N) for a wide range of different for S/N*.

Volumetric contribution of the deep-water formation regions. The fraction of water contributed by the Northern and Southern
deep-water formation regions at the sediment interface, showing the dominance of Southern end-member waters for the Pacific
basin while the North-Atlantic deep waters remain relatively constrained to the North Atlantic:

* S/N = [0.125:1, 0.15:1, 0.2:1, 0.25:1,0.375:1, 0.5:1, 0.75:1, 1:1, 1.1:1, 1.2:1, 1.25:1, 1.5:1, 2:1, 2.5:1, 3:1, 3.5:1, 4:1, 5:1, 6:1].
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CANCELLATION OF PRECESSION
Spatial distribution. We find widespread cancellation of the precessional signal (hatched in orange) for a
Southern/Northern end-member contribution representative of the Early Pleistocene (0.2≤S/N≤0.5).

Before glaciation of the Northern Hemisphere (S/N>6), and for S/N typical of the Late Pleistocene (S/N<<0.2),
cancellation is limited to a small volume of the ocean interior.

Changes in S/N. Based on reconstructions of ice sheet variability expressed in sea level equivalents (s.l.e.) for both
poles, we find that S/N decreased towards the Late Pleistocene - mainly due to a relative increase in northern ice
volume variability as compared to southern ice volume variability.

(Artificial) sediment cores. The power spectrum of the model and observational data are compared at two locations. The results
show that precessional cancellation is unlikely to be important in the North-Atlantic. In the Pacific, the absence of precession is
modeled for S/N typical of the Early Pleistocene.
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THE ANTIPHASE HYPOTHESIS
Due to destructive interference, out-of-phase cyclic
signals from the North-Atlantic and the Southern
Ocean have the potential to cancel each other out.

The precessional cycle present in insolation is out-of-phase between
the Northern and Southern Hemispheres for a specific season.
Assuming that the Northern and Southern ice sheets archive these
precessional cycles in their respective δ¹⁸O signatures, these out-of-phase
signals would reach the interior ocean through deep-water formation.
Here, cancellation could then occur due to interference.

The actual emergence of cancellation depends on the relative
strength of the Northern and Southern end-member precessional
cycle and their volumetric contributions to the interior ocean (as explored in this study, see Methods).

For the Antiphase Hypothesis to explain the MPT, the cancellation needs to be an important process in the Early Pleistocene, while
not being relevant in the Late Pleistocene).
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CONCLUSIONS
Wide-spread cancellation of the precessional cycle occurs for a relative end-member contribution
typical of the Early Pleistocene;

The deep-sea sediments, therefore, incomplete record the precessional component in δ¹⁸O during
the Early Pleistocene;

More specifically, a comparison between artificial (model) and real sediment cores shows that
cancellation of precession likely was important in the Early Pleistocene Pacific basin, while
not playing a role in the North Atlantic basin due to the dominance of Northern end-member waters
there.

Sorry but time is up!
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ABSTRACT
Deep-sea δ O records show a pronounced difference in Milankovitch periodicity between the Early and Late Pleistocene. δ O is
interpreted as a proxy for ice sheet volume and temperature, which led to the conclusion that glacial-interglacial cycles considerably
changed their rhythm during the mid-Pleistocene. This transition is referred to as the Mid-Pleistocene Transition (MPT).
Specifically, the precessional component of the Milankovitch cycles is absent in Early Pleistocene δ O records, despite its
continuous presence in solar insolation forcing to the ice sheets. Climate feedbacks involving (sea) ice, geological processes and
carbon and nutrient cycling have been proposed as causes of this marked change. We, however, show that the absence of an Early
Pleistocene precession signal in deep-sea δ O records could be the result of destructive interference of the precessional cycle in the
interior ocean. Such cancellation is caused by the anti-phasing of the precessional cycle between the North Atlantic and Southern
Ocean deep-water sources (see Figure). We explore the potential for cancellation in the transient setup of the Total Matrix
Intercomparison model for a wide range of source signal strengths. Our results show that cancellation can cause the absence of the
precessional signal due to cancellation in the interior South-Atlantic, Indian and Pacific basins. Cancellation is especially
widespread for a relative end-member contribution typical for the Early Pleistocene. We, therefore, conclude that the precessional
component is likely incompletely archived in Early Pleistocene δ O records, and appears as an actual change in Milankovitch
periodicity across the MPT. Proxies not susceptible to cancellation of precession (such as those currently retrieved across the MPT
from Antarctica) would be able to verify to what extent deep-sea δ O correctly represents Pleistocene climate.
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