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This manuscript presents a very interesting new record from the Iberian margin, with a
remarkable signature of the millenial climatic variability. This new data is of critical
relevance to the question of rapid variability and certainly deserves being published.

We are thankful to the reviewers for their thoughtful comments and apologies

for the slow response. I am currently on IODP Expedition 397 at Site U1385

(“Shackleton site”) where we are deepening the sequence to recover the older

part of this remarkable archive. I’m pleased to report that we have lengthened

the record to 400 mbsf into the early Pliocene.

The paper is well written and easy to read. I only have rather minor comments listed
below. Overall, the paper is a bit too long and I am not entirely convinced that all the
included information or discussions (sometimes redundant) are truly necessary and I
would prefer a slightly reduced paper. For instance, the spectra shown on Figures 16 and
17 are raising more question than providing any understanding of the records.

The inaccuracies of the age model render the power spectra difficult to interpret

because the peaks in the millennial band are smeared over a wide range of

frequencies. We agree it is best to remove Figure 16 and the relevant discussion.

Reviewer 2 raised a similar point.

Some minor comments:

line 458 typo: correpsond -> correspond

Will change in revised manuscript.

2 - line 550 and 909: the MPT… starts at 1200 ka, … ends at 650 ka (Clark et al 2006).

Well, this is highly questionable. It depends of the definition of MPT: if defined in terms of
dominant periodicity, it depends of your data and your algorithm. On many other points,
the paper provides a detailed and balanced view of different other publications, but not
here. At least, this could be discussed a bit more.

We agree that the definition of the MPT is dependent upon the proxy signal and

method used to define the shift in dominant frequency from 1/41 to 1/100 kyrs.



The MPT is one of the most ambiguous and misunderstood terms in

paleoclimatology with descriptions varying from an abrupt versus gradual

transition and the timing starting from as early as 1500 ka and ending as late as

600 ka. We will acknowledge this ambiguity in the revised manuscript and

explicitly state that we are using a specific definition based on analysis of the

LR04 stacked benthic δ

18

O record by Clark et al. (2006).  It’s clear in the Site

U1385 benthic δ

18

O signal (and other sites) that the period before 1200 ka is

dominated by the 41-kyr obliquity cycle. The relevant point made in our paper

(and those of others) is there is still strong millennial variability in planktic δ

18

O

during glacials periods between 1200 and 1500 ka when obliquity dominated the

glacial-interglacial cycles.

3 - line 616 typo= consistitue -> constitute

Will change in revised manuscript.

 

4 - lines 717-748. The appearance of a 28k modulation is unexpected. The given
explanations are a bit confusing. It could be much easier to simply note that 1/41 + 1/82
= 1/27 therefore a 27ka oscillation could result from a combination of 41 and 2x41ka.
(the 3x41ka = 123ka has no role here). Or am I mistaking something? In any case, this is
just numerology… and it is not clear whether this helps towards any understanding of the
millennial variability.

The 28 kyr cycle is not entirely unexpected because it has been widely reported

in late Pleistocene ice core and marine d18O records (Lourens et al, 2010). The

explanation for the ~28kyr beat given by Lourens et al (2010) was based on the

sum frequencies between the 41-kyr and its multiples of 82-kyr (i.e. 1/82 +

1/41 = 1/27.3) and 123-kyr (i.e. 1/123 + 1/41 = 1/30.8). While the first

combination tone occurs mainly during the early Pleistocene (2.4-2.56 Ma) and

the latter during the late Pleistocene (<350 ka), the interval between 1.0 Ma and

650 ka where the ~28-kyr cycle becomes more prominent in the planktonic δ

18

O

and Zr/Sr records of U1385, seems to consist of only the ~82-kyr beat and not a

clear 123-kyr signal. So we have excluded the 3x41kyr option for this part of the

discussion. Note however that so-called difference frequencies between

multiples of the 41-kyr cycle and the main (19-23 ky) precession components

could also have increased the power in the ~28 kyr period (e.g.,

1/21-1/82=1/28.2), but this option was excluded by Lourens et al (2010) since

the early Pleistocene benthic foraminiferal δ

18

O records did not reveal a clear

precession component. More recently applied bispectral analysis techniques

showed however that a large part of the precession (spectral) energy could have

been transferred to the lower frequencies of obliquity and its multiples in the

course of the Quaternary, especially during the MPT (Liebrand and de Bakker,

CP, 15, 1959–1983, 2019). In this respect, the presence of a strong precession

signal in both the planktonic δ

18

O and Zr/Sr records of U1385 could be partially

responsible for the occurrence of the ~28-kyr beat, but additional bispectral

analyses may be required to further unravel these energy transfers.

5 - lines 947-957. This part on Heinrich events is quite interesting, but entirely
disconnected from the rest of the paper. May be, it could be interesting to locate these
identified H stadials in some way on Figures 7 to 10? In any case, it would be useful to
develop this part and further emphasize the differences between the MCV discussed here
(mostly DO type events) and Heinrich events seen in some other records.

Heinrich events (sensu stricto) are specific types of millennial events that can be



traced to ice surges through Hudson Strait. They occur within certain stadial

events (termed Heinrich stadials) but are likely shorter lived than the duration of

the stadials in which they are found. The Heinrich stadials are identified on

figures 7 to 10 but this was not clear in the figure caption. We will make sure the

Heinrich stadials are properly labelled in the figures and explained in the caption.

6 - lines 980-984-987-..1089: “noise”. I do understand the discussion of the authors on
the role of MCV to trigger transitions and interact with glacial cycles. Still, the word “noise”
is certainly fully inappropriate. In mathematics, it is (by definition) a random variable -
usually with no temporal structure. In physics, it is (by definition) not a signal “of
interest”. The millennial variability certainly does not fall in either definition. Please just
call it “rapid variability” to avoid misinterpretations.

We admit that “noise” was not the best choice of words to describe the

millennial variability. Noise is the term used to describe stochastic resonance or

coherence resonance which is why we described it as such. We will call it “rapid

variability” or “high-frequency variability” and explain its relevance to “noise”

when considering resonance. The idea is that millennial events add “higher

frequency variability” to the climate system and the amplitude of that variability

changes with glacial and interglacial climate states.  Glacials are “noisier”

whereas interglacials are relatively “quiet” with respect to millennial variability.

We suggest that such amplitude variations of the high-frequency variability may

play a role in stochastic or coherence resonance by phase locking the climate

system to the orbital forcing. This hypothesis obviously needs to be tested with

climate models which is beyond the scope of the present paper. It is presented

as a potential example of how variability on orbital and millennial time scales

may interact.
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