Interactive comment on “Climatic subdivision of Heinrich Stadial 1 based
on centennial-scale paleoenvironmental changes observed in the western
Mediterranean area” by Jon Camuera et al.

Response to comments by Ola Kwiecien: “Comment on the manuscript”

This is an impressive set of data; | have seen it at conferences and | was looking for-
ward to seeing it published, but this work leaves my professional curiosity unsatisfied
and disappointed. The authors aim to shed light on the centennial climate variability in
the Western Mediterranean region during the late glacial and document a three-phased
nature of HS1. In fact, they fail. The new high-resolution data are exciting and have great
potential, but the interpretation is somewhat careless. E.g.: | do not see how the HS1 in
Spain could lead the hemispheric (?) signal by ca. 1 ka? This is a bald and provocative
statement and the authors suggest “different environmental responses” (lines 144) to
remedy this problem. This argument is not convincing, in particular, with-out explaining
and elaborating on the nature of the purported responses. Perhaps the answer lies in
the uncritical approach to the Padul sequence 14C-based chronology? Independent of
how good the age model is — it is just a model. A critical discussion of potential flaws of
the Padul chronology and their implications might solve the problem.

We thank the reviewer for her excellent comments, and we have endeavored to
incorporate them into our thoughts and into the manuscript, as well as provide
explanations where we either were unclear, or where we disagree. It is important to
remember that, while one outcome of this analysis is that our age model suggests an
early beginning to HS1 from the Padul data, the primary goal of this analysis was to
investigate the characteristics of potential subdivisions of the HS1 as expressed in the
Padul record. With this in mind, we address the comments of the reviewer directly below:

We agree that there are limitations in radiocarbon dating. However, in the Padul-15-
05 sedimentary record we tried to reduce age uncertainties for the last 20,000 years by
providing a total of 27 radiocarbon samples (including 2 radiocarbon samples on specific
compounds) (Camuera et al., 2018). More specifically for the HS1 interval, we have 10
AMS radiocarbon dates, ranging over an ~2400 year interval, between 17,980 and
15,658 cal yr BP (see Figure 2a and Table S2). Even though we believe that this is a
very good spread of ages for this time period, one potential flaw in our age model is that
two short gaps of less than 500 years appear in the probability distributions of this
sequence (Table S2). However, combined with the fact that 9 of the 10 ages in this
interval are in stratigraphic order suggests that this age model has considerable power
for the entire interval.

Further, in order to strengthen our model and prevent circularity, we have not tuned
our model to any other paleoclimate records, which would have eliminated the capacity
to describe succession of events and pre-conditioning triggers. We were surprised by
the results we obtained — that of an earlier record of HS1 from the Padul sediments —
when compared to the other paleoclimate records. Our results then became the impetus
for the current manuscript.

Nowhere in the paper did we mention that the HS1 in Spain led the hemispheric
signal. We apologize if our explanation was not clear enough. Here we wanted to show
that in southern Iberian Peninsula (where the Padul record is located) environmental
signals associated with the HS1 (e.g., high aridity) preceded the age established for this
event in other records located at higher latitudes. This is an outcome of our age model,



which we believe, but it is not the primary object of this analysis. Even so, several
previous studies support an earlier record of deglaciation and asynchronicity of these
events. For example, an early tropical warming has been described in recent studies
related to (1) an early deglaciation of the Antarctic Peninsula (Weber et al., 2014) along
with (2) an early rise in global sea level (Lambeck et al., 2014), leading to (3) early
responses of the north hemispheric mid-latitude terrestrial and oceanic records (Jackson
et al., 2019). (4) Early warming in tropical SST is also described before any considerable
ice volume change took place in high latitudes (Romero et al., 2015). Therefore, we
suggest that environmental responses to HS1 in low- and mid-latitudes could have
preceded the climatic response of high-latitude regions.

With respect to the causes producing these “different environmental responses”
triggering the early environmental response in our region, we could suggest different
hypotheses. In a new version of the manuscript, we have included that the early
European ice-sheet retreat and alpine glaciers melting from the Alps and Apennines at
ca. 20,000 years BP suggest an early meltwater influx into the Western Mediterranean
through the rivers from the northern Mediterranean borderlands (Bonneau et al., 2014).
This conditions affected the Mediterranean Sea overturning circulation (Fink et al., 2015)
and could have produced the early beginning of cold and arid conditions in this region,
as it is the main factor controlling the climate in this area (Rohling et al., 2015). On the
other hand, the enhanced MOW towards the Atlantic occurred ~15,500 years BP
(Rogerson et al., 2010), several hundred years before the usually assumed end of HS1
(or the onset of the B-A) at ~14,700 yr BP. According to this, it could be hypothesized
that the early enhanced MOW and the own Mediterranean Sea thermohaline reactivation
could have previously affected climate at the lower latitude Mediterranean area, and
could have caused an earlier environmental response of the warm and humid B-A
interstadial in this region.

Nevertheless, the main goal of this manuscript is to show, describe and discuss the
internal climatic variability of HS1 with its subdivision in 3 main phases and 7 sub-phases
in the Padul-15-05 record, and not so much on the age discrepancies of HS1 with other
paleoclimatic records.

Also, while the authors document the three-phased nature of HS1 they discuss
neither the causes nor regional implications of the described features. Why does the
division of HS1 matter at all?

As detailed in our Supplemental material, it has been known for some time that the
HS1 was complex, perhaps with 3 parts. Here we show that it may have been even more
complex than previously thought, and can be subdivided into 7 sub-phases based on the
paleoenvironmental signal of the Padul record. In addition, we compared our record with
other paleoclimate records from the studied area, showing a similar climatic pattern
during HS1 (see Figure 3) and pointing to a regional feature. The possible causes of this
variability are discussed in lines 202-219, mostly related with millennial- and centennial-
scale climate variability forced by solar output variations and the influence of the North
Atlantic polar front displacements in the land-ocean temperature contrast and in moisture
advection between both environments. Thus, it might be important to look at other HSs
in greater detail to see if those events are more complex as well.

In the new version of the manuscript we have also included that these relatively short-
scale periods (such as Heinrich Stadials or Dansgaard/Oeschger events) and their
smaller-scale internal oscillations observed with high-resolution data are important in
order to understand how the environment reacts to fast climate changes and the causes
affecting them (such as fast changes in the Mediterranean thermohaline circulation).



Further, the authors call for solar activity as a driver of changes in the Padul proxies.
Can they elaborate on the exact mechanism? How solar activity translates to floral
assemblage changes?

Solar activity has been proven to significantly affect past climate variability, which in
turn affected vegetation dynamics. Solar activity changes could affect temperature, air
and water masses and thus precipitation on land affecting plants (Tinner and
Kaltenrieder, 2005; Lozano-Garcia et al., 2007; Ramos-Roman et al., 2016). In addition,
Kofler et al. (2005) also suggested that solar output caused decreases in pollen
production and treeline shifts in the Alps, which could also be affecting vegetation in the
Sierra Nevada and, therefore, in the Padul area.

Last but not least, the spectral analyses results seem a bit at odds with common
sense. 800 yr cyclicity during HS1 event of less than 3 ka duration is already suspicious.
Periodicity of 2000 yr within HS1, BA and YD (line 232-233) is simply absurd! The YD
itself only lasted for ca. 1000 yr.

Sorry for the misunderstanding. We did not want to say that the ~2000-yr cycle
occurred during the HS1 itself (or YD itself) - we know that this would make no sense.
We meant that this cycle can be identified from 20 to 11 cal ky BP, which includes the
HS1, B-A and YD (Figs. 4a and 4c and Figs 5a-c). We have clarified this in the new
version of the manuscript:

Lines 172-173: “The spectral analysis on xerophytes and Ip presented ~2000, 800
and 500-yr cycles from 20 to 11 cal ky BP (Figs. 4a and 4c)”. We have also removed the
200-yr cycle (also from the Figure 4) as it is not representative due to the sampling
resolution.

Lines 232-233: “The main periodicities obtained for climatic oscillations of ~2000 and
800 yrs between 20 and 11 cal kyr BP seem to be related to solar forcing.”

We have also changed lines 183-185, clarifying that the maximum values of
xerophytes during the 2000-yr cycle at ~18 and ~16 cal kyr BP would mark the HS1c
and HS1a, whereas the minimum value at ~17 cal kyr BP would mark the HS1b (Figs.
5a and 5b).

Lines 191-192 have also been modified. We have clarified that the maximum values
of the 800-yr cycle based on xerophytes at 18.2, 17.3, 16.5 and 15.8 cal kyr BP would
mark HS1a.1l, HS1a.3, HS1c.1 and HS1c.3, respectively. On the contrary, the minimum
values of the 800-yr cycle at 17.7, 17 and 16.1 cal kyr BP suggest the HS1a.2, HS1b
and HS1c.2, respectively (Figs. 5a and 5c). Coincident minima obtained in the 2000 and
800-yr cycles at ~17 cal kyr BP define the HS1b interval, a period of moderate humid
conditions within HS1.

This 2000-yr periodicity is pervasive for the last 20 kyr BP, at least in Southern Iberia,
associated to solar activity and/or monsoon activity (Rodrigo-Gamiz et al., 2014).
Subsequent studies demonstrate that this “monsoon-like” signal is linked to Nile input
(Bahr et al., 2015), transmitted by Mediterranean thermohaline circulation to western
Europe (Kaboth-Bahr et al., 2018) and associated with winter precipitation for the last
1.3 Myr in Southern European lacustrine records (Lake Ohrid) (Wagner et al., 2019). The
absence of this pervasive 2000-yr signal at the Padul-15-05 record (very similar to Lake
Ohrid record) would be surprising, since both areas are very sensitive to winter
precipitation synchronized with African monsoon.



We have removed the Figure 4b as it is only showing the spectral analysis for the
HS1, itis confusing and it is not providing additional information with respect to the Figure
4a.

Paleoclimate research is so much more than tuning wiggly curves and finding
prescribed periodicities in proxy records! Valid, original observations call for careful and
thorough and original interpretations rather than preaching to the choir using empty but
catchy phrases and unsubstantiated claims.

We totally agree with this comment and that is exactly what we are trying to do in this
study, avoiding tuning to other well-known records (such as those from Greenland),
trying not to find prescribed periodicities as result of the tuning effect and avoiding
circular reasoning.

| wish the authors will address mentioned points in the revised version of their
manuscript.

Best regards,
Ola Kwiecien

We hope that our new manuscript version will be more convincing for Dr. Kwiecien.
In any case we are thankful for the comments.

REFERENCES

Bahr, A., Kaboth, S., Jiménez-Espejo, F. J., Sierro, F. J., Voelker, A. H. L., Lourens, L.,
Rohl, U., Reichart, G. J., Escutia, C., Hernandez-Molina, F. J., Pross, J., and
Friedrich, O.: Persistent monsoonal forcing of Mediterranean Outflow Water
dynamics during the late Pleistocene, Geology, 43, 951-954,
https://doi.org/10.1130/g37013.1, 2015.

Bonneau, L., Jorry, S. J., Toucanne, S., Silva Jacinto, R., and Emmanuel, L.: Millennial-
scale response of a western Mediterranean river to late Quaternary climate changes:
a view from the deep sea, The Journal of Geology, 122, 687-703,
https://doi.org/10.1086/677844, 2014.

Camuera, J., Jiménez-Moreno, G., Ramos-Roman, M. J., Garcia-Alix, A., Toney, J. L.,
Anderson, R. S., Jiménez-Espejo, F., Kaufman, D., Bright, J., and Webster, C.:
Orbital-scale environmental and climatic changes recorded in a new ~ 200,000-year-
long multiproxy sedimentary record from Padul, southern Iberian Peninsula,
Quaternary Science Reviews, 198, 91-114,
https://doi.org/10.1016/].quascirev.2018.08.014, 2018.

Fink, H. G., Wienberg, C., De Pol-Holz, R., and Hebbeln, D.: Spatio-temporal distribution
patterns of Mediterranean cold-water corals (Lophelia pertusa and Madrepora
oculata) during the past 14,000 years, Deep Sea Research Part I: Oceanographic
Research Papers, 103, 37-48, https://doi.org/10.1016/j.dsr.2015.05.006, 2015.

Jackson, M. S, Kelly, M. A., Russell, J. M., Doughty, A. M., Howley, J. A., Chipman, J.
W., Cavagnaro, D., Nakileza, B., and Zimmerman, S. R. H.: High-latitude warming
initiated the onset of the last deglaciation in the tropics, Science Advances, 5,
https://doi.org/10.1126/sciadv.aaw2610, 2019.

Kaboth-Bahr, S., Bahr, A., Zeeden, C., Toucanne, S., Eynaud, F., Jiménez-Espejo, F.,
Ro6hl, U., Friedrich, O., Pross, J., Léwemark, L., and Lourens, L. J.: Monsoonal
Forcing of European Ice-Sheet Dynamics During the Late Quaternary, Geophysical
Research Letters, https://doi.org/10.1029/2018¢l078751, 2018.



https://doi.org/10.1130/g37013.1
https://doi.org/10.1086/677844
https://doi.org/10.1016/j.quascirev.2018.08.014
https://doi.org/10.1016/j.dsr.2015.05.006
https://doi.org/10.1126/sciadv.aaw2610
https://doi.org/10.1029/2018gl078751

Kofler, W., Krapf, V., Oberhuber, W., and Bortenschlager, S.: Vegetation responses to
the 8200 cal. BP cold event and to long-term climatic changes in the Eastern Alps:
possible influence of solar activity and North Atlantic freshwater pulses, The
Holocene, 15, 779-788, https://doi.org/10.1191/0959683605h1852ft, 2005.

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, Proceedings of the
National Academy of Sciences, 111, 15296,
https://doi.org/10.1073/pnas.1411762111, 2014.

Lozano-Garcia, M. d. S., Caballero, M., Ortega, B., Rodriguez, A., and Sosa, S.: Tracing
the effects of the Little Ice Age in the tropical lowlands of eastern Mesoamerica,
Proceedings of the National Academy of Sciences, 104, 16200,
https://doi.org/10.1073/pnas.0707896104, 2007.

Ramos-Roman, M. J., Jiménez-Moreno, G., Anderson, R. S., Garcia-Alix, A., Toney, J.
L., Jiménez-Espejo, F. J., and Carridn, J. S.: Centennial-scale vegetation and North
Atlantic Oscillation changes during the Late Holocene in the southern Iberia,
Quaternary Science Reviews, 143, 84-95,
https://doi.org/10.1016/j.quascirev.2016.05.007, 2016.

Rodrigo-Gamiz, M., Martinez-Ruiz, F., Rodriguez-Tovar, F. J., Jiménez-Espejo, F. J.,
and Pardo-lguzquiza, E.: Millennial- to centennial-scale climate periodicities and
forcing mechanisms in the westernmost Mediterranean for the past 20,000 yr,
Quaternary Research, 81, 78-93, https://doi.org/10.1016/j.ygres.2013.10.009, 2014.

Rogerson, M., Colmenero-Hidalgo, E., Levine, R., Rohling, E., Voelker, A., Bigg, G. R.,
Schoénfeld, J., Cacho, I., Sierro, F., and Léwemark, L.. Enhanced Mediterranean-
Atlantic exchange during Atlantic freshening phases, Geochemistry, Geophysics,
Geosystems, 11, hitps://doi.org/10.1029/2009GC002931, 2010.

Rohling, E., Marino, G., and Grant, K.: Mediterranean climate and oceanography, and
the periodic development of anoxic events (sapropels), Earth-Science Reviews, 143,
62-97, https://doi.org/10.1016/j.earscirev.2015.01.008, 2015.

Romero, O. E., Kim, J. H., Barcena, M. A, Hall, I. R., Zahn, R., and Schneider, R.: High-
latitude forcing of diatom productivity in the southern Agulhas Plateau during the past
350 kyr, Paleoceanography, 30, 118-132, https://doi.org/10.1002/2014PA002636,
2015.

Tinner, W., and Kaltenrieder, P.: Rapid responses of high-mountain vegetation to early
Holocene environmental changes in the Swiss Alps, Journal of Ecology, 93, 936-947,
https://doi.org/10.1111/j.1365-2745.2005.01023.%, 2005.

Wagner, B., Vogel, H., Francke, A., Friedrich, T., Donders, T., Lacey, J. H., Leng, M. J.,
Regattieri, E., Sadori, L., Wilke, T., Zanchetta, G., Albrecht, C., Bertini, A,
Combourieu-Nebout, N., Cvetkoska, A., Giaccio, B., Grazhdani, A., Hauffe, T.,
Holtvoeth, J., Joannin, S., Jovanovska, E., Just, J., Kouli, K., Kousis, I.,
Koutsodendris, A., Krastel, S., Lagos, M., Leicher, N., Levkov, Z., Lindhorst, K., Masi,
A., Melles, M., Mercuri, A. M., Nomade, S., Nowaczyk, N., Panagiotopoulos, K.,
Peyron, O., Reed, J. M., Sagnotti, L., Sinopoli, G., Stelbrink, B., Sulpizio, R.,
Timmermann, A., Tofilovska, S., Torri, P., Wagner-Cremer, F., Wonik, T., and Zhang,
X.: Mediterranean winter rainfall in phase with African monsoons during the past
1.36 million years, Nature, 573, 256-260, https://doi.org/10.1038/s41586-019-1529-
0, 2019.

Weber, M. E., Clark, P. U., Kuhn, G., Timmermann, A., Sprenk, D., Gladstone, R., Zhang,
X., Lohmann, G., Menviel, L., Chikamoto, M. O., Friedrich, T., and Ohlwein, C.:
Millennial-scale variability in Antarctic ice-sheet discharge during the last
deglaciation, Nature, 510, 134-138, https://doi.org/10.1038/nature13397, 2014.



https://doi.org/10.1191/0959683605hl852ft
https://doi.org/10.1073/pnas.1411762111
https://doi.org/10.1073/pnas.0707896104
https://doi.org/10.1016/j.quascirev.2016.05.007
https://doi.org/10.1016/j.yqres.2013.10.009
https://doi.org/10.1029/2009GC002931
https://doi.org/10.1016/j.earscirev.2015.01.008
https://doi.org/10.1002/2014PA002636
https://doi.org/10.1111/j.1365-2745.2005.01023.x
https://doi.org/10.1038/s41586-019-1529-0
https://doi.org/10.1038/s41586-019-1529-0
https://doi.org/10.1038/nature13397

