
Reviewer 1 

Comment on “Geochronological reconstruction of the glacial evolution in the Ésera valley 

(Central Pyrenees) during the last deglaciation” by Ixeia Vidaller, Toshiyuki Fujioka, Juan 

Ignacio López-Moreno, Ana Moreno, ASTER Team. 

This paper presents a series of 14 surface exposure dating on boulders and polished bedrock in 

Ésera valley (Central Pyrenees, Spain). These new data are cross-checked with OSL and 14C 

dating previously published (Vidaller et al., 2024) and obtained from a sedimentary sequence 

located at Pllan d’Están, ~ 7 km downstream of the LIA moraines and the current glaciers of the 

Maladeta massif. The Pllan d’Están sequence records three successive units: (i) a sub-glacial till 

at the bottom of the core, (ii) a proglacial lacustrine deposit in the middle of the sequence, (iii) 

sub-glacial lacustrine deposit at the top of the sequence. Both series of data allow the Late 

Pleistocene fluctuations of the Ésera glacier to be reconstructed. Additionally, authors quantify 

changes in ELA position and in temperature anomalies (with respect to present) for 6 glacial 

stages respectively dated at 47 ka, 16 ka, 13.9 ka, 12.8 ka, 11 ka and 0.4 ka. 

 

General comments 

The most interesting (and innovative) result of this work is the evidence of a major deglaciation 

of the Ésera valley during MIS 3. Indeed, around 47 ka, the terminal position of the Ésera glacier 

was located upstream of the Plan d’Están, as indicated by an OSL dating at 46.7±2.9 ka within 

the proglacial unit that overlies the basal till. This result gives a substantial advance on Late 

Pleistocene glacier fluctuations in the Pyrenees because, until now, most of the data produced in 

this mountain were obtained from moraines ridges or paleolakes close to the PLGM and, 

therefore, they provided information on the maximum glacial advances and very scarcely on 

episodes of glacial retreat. 

We really appreciate this positive comment and agree with Reviewer 1 about the importance of 

studying lake records associated to glacier evolution to get information on glacial retreat phases. 

Pllan d’Están sequence is an excellent example of this type of studies. 

Beyond this major result, two other issues should be addressed more explicitly in this paper. 

• What was the extent of the Ésera glacier at the time of the global LGM? I aware that available 

data do not allow the terminal position of the Ésera glacier to be located at the time of the 

global LGM, but available data allow to consider if Ésera glacier covered (or not) Pllan d’Están 

at the time of the global LGM. 

Answer (hereinafter A): Certainly, the extend of the Ésera glacier is an issue of major interest 

that, unfortunately, it is difficult to answer properly with our available data. Up to now, no 

cosmogenic exposure dates in the valley correspond with the LGM but, thanks to the OD dated 

moraine (~16 ka) and the characterization of Pllan d’Están sediments, we have some clues about 

the extension of the glacier that are now better included in the manuscript. Thus, at 47 ka Pllan 

d’Están is defined as a proglacial lake, with laminated (almost varved) sediments. Later, at 34 ka 

BP, the sedimentation changes and the laminations become cm-thick bands and the carbonate 

amount decrease. This change is interpreted as the onset of lacustrine subglacial sedimentation, 



according to some sedimentological references (eg. Livingstone et al., 2015). The next 

information following the temporal line is the OD-dated moraine at Llanos del Hospital, down 

valley from Pllan d’Están. Therefore, during the LGM, the available evidences indicate that Pllan 

d’Están was covered by ice; therefore, the glacier was located, at least, at that position.  Some 

sentences will be added to the text to clarify this question. 

• A similar question arises in relation to the Younger Dryas. What was the extent of the Ésera 

glacier at the time of the Younger Dryas? Authors assume that the terminal position of the 

Ésera glacier was located upstream to Pllan d’Están because 14C dating around 13 ka were 

obtained at the top of the upper subglacial lacustrine unit. However, authors do not really 

correlate this evidence deduced from Pllan d’Están 14C dating with surfaces exposure dating 

on boulder located upstream Pllan d’Están filling and with moraines ridges located in the same 

place. 

A: To discriminate the position of the glacier during the Younger Dryas (YD) we have again 

several arguments but none is very conclusive since we don’t have any moraine dated covering 

that time period. The sediments in the Pllan d’Están sequence associated to the YD (well dated in 

this case by 14C) correspond with an interval of ca. 10 cm composed of banded, organic-rich silts 

deposited in a lacustrine environment (Facies F, with some flood layers – Facies C). Clearly, this 

does not correspond with a subglacial environment. Besides, several cosmogenic exposure dates 

associate to the Bølling-Allerød (B-A) period mark the position of the Ésera glacier upstream 

Pllan d’Están. We suspect that the glacier advance associated to the YD in this valley was a small 

one, probably the front would be located between the position of the B-A dates and Pllan d’Están. 

Thus, according to Rev1, we need to wait for other conclusive evidences to place the extension 

of the YD glacier in a more robust way but we interpret from the sediments that the glacier was 

not covering the lake 

Overall, in order to enable readers to make up their own minds on the subject, it would be useful 

to provide in this paper a figure that summarizes information contained in the Pllan d’Están 

sequence that are essential for reasoning about the chronology of glacial fluctuations (thickness 

and content of each sedimentary unit, location of OSL and 14C dating within the sequence, all 14C 

with their error bar and not only those retains by the Bayesian model age…). 

A: We agree with the reviewer about the convenience of including a figure summarizing Pllan 

d’Están sequence. The new version will include that figure, combining sedimentary 

characteristics, vegetation cover and chronological information. That figure allows correlating 

sedimentological information with the TCN samples presented in this manuscript. 

Regarding 14C dates, we include only the ones considered to construct the chronology, since the 

other ones were discarded due to their location in core sections not used to build the composite 

sequence. The Bayesian age model includes all the valid ages (19 dates by 14C and 3 by OSL) and 

no reversal was found. In Fig. 3 of Vidaller et al., 2024, black dots indicated the dates that were 

discarded before constructing the chronology but they were not included in the model and not 

included in new Figure 5 either.  

Moreover, it would be interesting to analyse the TCN results with respect to the location within 

the sequence of moraines ridges (hospital moraine, plan de llanos moraine, Aiguallut moraine, 

etc...) because these frontal and lateral moraines ridges delineate the ice extent of the Ésera glacier 



for several glacial still stand stadial. TCN dating from boulders located on frontal and/or lateral 

moraines ridges allow these events (these glacial still stand stadial) to be dated. 

 A: In this sense several solutions have been proposed. Table 2 in the new document, has been 

completed with two new rows, one indicating the samples that define each phase, and the other 

one, indicates the type of deposit dated. On the other hand, in Figure 2 with the position of the 

TCN dating samples, a different colour is used to each type of sample (yellow for moraine ridge 

boulder, orange for till boulders, green for erratic boulders and purple for polished surface).  

In the same way, you should describe more accurately the geomorphological markers used to 

reconstruct ELAs. Each ELA must correspond to a specific frontal and/or lateral moraine ridge 

because this kind of deposit (and landform), and only this one, is able to delineate the ice margin 

position of a specific glacial stage. You do that accurately for LIA but not for older glacial stage. 

Please, do it for ALL glacial stages. 

A: Some sentences with respect to this issue has been added: “For each calculated ELA, the 

glacier surface was reconstructed, considering the frontal moraines and till previously mapped 

and dated with cosmogenic isotopes. To determine the lateral extension of the Ésera glacier for 

each extent lateral moraines, till and in some cases very clear thresholds that avoid the expansion 

of very thin layer of ice previously mapped glacier shapes (till, moraines, thresholds, ridges, 

cirques) and other geomorphological shapes (Vidaller et al., 2024a).” 

Together, the two previous comments should help readers to better understand the chronological 

milestones at 13.9, 12.8 and 11 ka reported in Table 2. Indeed, because ice margin deposits used 

to reconstruct ice extent at several time of the Late Pleistocene is not well explained and because 

TCN dating are not clearly located with respect to moraines ridges, we miss information to 

understand how you produced milestones at 13.9, 12.8 and 11 ka associated to ELA 

reconstructions. 

A: Two new rows has been added to the table to make clearer how we produced the ELA 

reconstructions for 13.9, 12.8 and 11 ka. Still, we agree with Rev1 that not all of our TCN samples 

were obtained from moraine ridges.  

Age 47 ka 16 ka 13.9 ka 12.8 ka 11 ka 0.4 ka 2023 

Sample 
Pllan d’Están 

core 

PDE-13 

PDE-14 
PDE-1 PDE-12 

PDE-10 

PDE-11 

PDE-8 

PDE-9 
Drone images 

Sample type Core 
Moraine ridge 

boulder 
Till boulder Till boulder 

Moraine ridge 

boulder 

Moraine ridge 

boulder 
- 

Period MIS3 Oldest Dryas Onset Allerød End Allerød Early Holocene Little Ice Age Present 

Phase 
Pllan d’Están 

proglacial lake 

Llanos del 

Hospital 

Pllan d’Están 

subglacial lake 
Aiguallut 

Salterillo-

Barrancs 
Last advance 

Very small 

glaciers 

ELA (m a.s.l.) 2517±42 2410±11 2519±47 2645±88 2778±77 2868±89 3099±140 

ΔT (ºC) 

Period-2023 
3.1±0.2 3.6±0.1 3.0±0.2 2.4±0.5 1.7±0.4 1.1 ±0.5 -- 

Note that the concept of “deglaciation” used numerously in the manuscript (even in the title) is 

not enough clear in term of time. It does not allow to identify the period covers by the paper. I 

think you should use conventional stratigraphic terminology such as “Late Pleistocene”. 



A: We agree with the reviewer about the misleading term of “deglaciation”. In some papers, it is 

understood as the period starting with the onset of the Bølling (14.6 ka BP) while in papers more 

related to glacier phases is much more ambiguous. Therefore, this term has been changed in all 

the manuscript by Late Pleistocene and also in some cases where there were references to the 

LIA, the term Holocene has been added too. The title is changed accordingly.  

 

Minor comments: 

Title: Please, use conventional stratigraphic terminology to better define the period cover by the 

study. "Last deglaciation" remains fuzzy. 

A: The title of the manuscript has been changed to: “Geochronological reconstruction of the 

glacial evolution in the Ésera valley (Central Pyrenees) during the Late Pleistocene and 

Holocene”. 

Line 9: Please, use conventional stratigraphic terminology, such as Late Pleistocene or other 

(MIS...) to better define the period cover by the study. "Last deglaciation" remain fuzzy. 

A: This sentence has been rewritten as: “Since the MIS (Marine Isotope Stage) 4 in the Pyrenees 

was…”.  

Line 10: “retreats that did not always align with the fluctuations observed in other European 

glaciers”. Caution with this kind of affirmation. This may be due to geochronological uncertainty 

related to available dates on ice margin deposits, climatic controls being homogenous at large 

(european) scale. 

A: Thank you, we agree with you, this is an open question. We have reformulated the sentence 

as: “Since the MIS (Marine Isotope Stage) 4 in the Pyrenees was distinguished by intricate glacier 

dynamics, that might encompass some glacial advances and retreats that did not always align 

with the fluctuations observed in other European glaciers.” 

Line 12: Add “and glacier fluctuations” after “past climate” 

A: Change as suggested. 

Line 12: Change “last deglaciation period” by “Late Pleistocene” 

A: This sentence has been changed as: “…since the Pyrenean Last Glacial Maximum (PLGM)”. 

In other similar sentences, last deglaciation period has been changed as Late Pleistocene and 

Holocene to be more accurate. 

Line 16: Change “last deglaciation period” by “Late Pleistocene” 

A: This sentence has been removed 

Line 17: Add acronym PLGM. 



A: Change as suggested. 

Line 19: “a new glacial advance resulted forming the Llanos del Hospital moraine (~16 ka)” 

Readers wants to know what is your opinion about the extent of the Ésera glacier at the time of 

the global LGM (19-24/26 ka cal BP) 

A: We have responded to this question above and that information has been added in the 

discussion: “In the headwaters of the Ésera valley, for instance, there are no published dates that 

correspond to this period (23-18 ka), but surely Pllan d’Están was covered by ice, still being a 

subglacial lake.” 

Line 29: “thickness and surface variations”. Thickness, surface, and thus volume of current and 

formers glaciers also depends on catchment hypsometry (this parameter controls the volume of 

ice input each year in the accumulation area) 

A: We agree with you; this aspect has been added: “Consequently, their thickness and surface 

variations, in spite they also depend on the catchment hypsometry, are regarded as one of the 

most informative proxies for climate change in mountainous regions”. 

Line 31: Change “evolution” by “fluctuation” 

A: Change as suggested. 

Line 36: Change “erratic boulders, moraines…” by “erratic boulders on moraines” 

A: This sentence has been changed as: “Despite the discontinuous nature of glacial deposits, the 

dating of erratic boulders on moraine ridges, or polished bedrock via exposure dating is a 

commonly used method for studying the dynamics of glaciers and the climate changes that 

occurred during the) Late Pleistocene”. 

Lines 37-38: Change “during the Last Glacial Cycle (LGC), which spanned from approximately 

120 to 11.7 ka” by “during the Late Pleistocene”. 

A: Change as suggested. 

Line 40: Add “at regional and local scales” after “past climate variations”. 

A: Change as suggested. 

Line 43: Change “the calculation of past environmental variability” by “to deduce past climate 

variability”. 

A: Change as suggested. 

Line 46: Change “This is usually achieved through the dating of glacial landforms, such as till 

and polished bedrocks” by “through mapping and dating of ablation moraines”.  

A: This sentence has been changed as: “This is usually achieved through the geomorphological 

mapping and dating of till and moraines.” 



Lines 52-53: Chronology of the PLGM is constrained by many data from OSL datings as reported 

here (Lewis et al., 2009) but also by TCN datings (see Delmas et al., 2022 for review). 

A: Thank you for the advice. We have added the cosmogenic dating too as: “However, during the 

Pyrenean Last Glacial Maximum (PLGM) period, i.e. 60-70 ka BP, corresponding to Marine 

Isotopic Stage (MIS) 4, few glaciers covered a significant portion of the region above 800 m a.s.l 

l in the Western Pyrenees, constituting a prominent element of landscape modeling in the 

Mediterranean area (Oliva et al., 2019), as reported by  many OSL dates (Lewis et al., 2009) but 

also by TCN dating (see Delmas et al., 2022 for review).” 

Line 53: Caution! at the time of the PLGM, only the snout of the Pyrenean glaciers reaches 800 

m a.s.l. (i.e. very little surface of ice). 

A: View the reply to the previous comment. 

Line 55: “and throughout the LGC”: Given you note above that PLGM is dated about 60-70 ka, 

you do not need to precise "throughout the LGC (or Late Pleistocene) 

A: This part of the sentence has been removed. 

Lines 55-57: “Some are better preserved as a later stage of the PLGM during MIS 4, for example 

in the Ara valley (Bartolomé et al., 2021) or in the Gállego valley (Lewis et al., 2009).” This 

sentence remains unclear, not enough accurate; reader do not understand what do you mean. 

A: This sentence has been rewrite as: “For example, during the MIS 4, glacial stages are 

preserved in the Ara valley (Bartolomé et al., 2021) or in the Gállego valley (Lewis et al., 2009).”. 

Lines 62-63: “Since just few moraines were dated from this period in certain Eastern Pyrenean 

valleys (Noguera-Ribagorzana valley; Delmas, 2015; Pallàs et al., 2006)”. Pleased, here, cite also 

Delmas et al. 2008, 2011, 2022 and Pallas et al., 2010, i.e. Other valley in eastern Pyrenees: Tet, 

Ariège, Carol, Malniu.  

A: Change as suggested. 

Lines 64-65: These papers do not locate the terminal position of Gallego and Cinca glaciers at the 

time of the global LGM, they do not indicate if they were located near or far from the PLGM. 

A: This sentence has been moved, following the explanation of the early deglaciation of the 

Pyrenees. 

Lines 81-82: “last deglaciation”: I suggest you note here: “former glaciers fluctuations”. 

A: Change as suggested. 

Line 84: 10Be dating were really sampled on boulder from moraine ridges? 

A: This information has been clarified in the methodology as: “The samples included 7 granitic 

till boulders (PDE-1, -2, -4, -5, -6, -7, -12), 6 boulders on moraine ridges (PDE-8, -9, -10, -11, -

13, -14) and one (PDE-3) from a polished quartzite bedrock”. 

Line 85: Change “the deglaciation of the Ésera glacier” by “Late Pleistocene glacier fluctuations”. 

A: Change as suggested and added the Holocene as some samples date from the LIA. 



Line 86: “and history of glacial advance and retreat in the study area”. You do not need to repeat 

that given it is noted in the previous sentence. 

A: This sentence has been removed. 

Line 88: I suggest you note here “glacial stages”. A glacial stage refers to the extent of a former 

glacier at an accurate time. 

A: Change as suggested. 

Line 125: When you sample for TCN dating, you may sample only two kinds of surfaces: boulder 

surface or polished surface on the bedrock. About surfaces sampled on boulders, you should 

precise if sampled boulders were isolated (i.e. being laid of the bedrock without any patches of 

till) or if they were associated to a moraine ridge. This information is very important for the 

interpretation of the TCN results.  

A: This information has been clarified in the methodology as: “The samples included 7 granitic 

till boulders (PDE-1, -2, -4, -5, -6, -7, -12), 6 boulders on moraine ridges (PDE-8, -9, -10, -11, -

13, -14) and one (PDE-3) from a polished quartzite bedrock”. 

Lines 129-130: It would be interesting and very important to locate the sampled boulders and the 

sampled polished surfaces on bedrock with respect to the ablation moraines ridges preserved in 

the catchment in order to be able to associate the TCN dates to a specific glacial stage (the same 

ablation moraines ridge you use to reconstruct ELA).  

A: Figure 2 has been modified, differentiating the colours of the dots, depending on the type of 

sample recollected. As it is now, it is easier to associate the TCN dates to a specific glacial stage 

(also modified Table 2 to this objective). 



 

Line 171: Change “during the LGC” by “Late Pleistocene”. 

A: Change as suggested and added “Holocene”. 

Lines 176-177: You should describe more accurate the geomorphological markers used to 

reconstruct ELA. Each ELA must correspond to a specific frontal and or lateral moraine ridge 

because this kind of deposit (and landform), and only this one, is able to delineate the ice margin 

position of a specific glacial stage. You do that accurately for LIA but not for older glacial stage. 

Please, do it for ALL glacial stages. 

A: This information has been added as: “For each calculated ELA, the glacier surface was 

reconstructed, considering the frontal moraines and till previously mapped and dated with 

cosmogenic isotopes. To determine the lateral extension of the Ésera glacier, lateral moraines, 

till and in some cases very clear thresholds that avoid the expansion of very thin layer of ice 

previously mapped, were considered (Vidaller et al., 2024a).” 

Lines 179-180: Older moraines are less preserved, but they exist. Hence, you have to tell us which 

moraines you used to reconstruct ELA older than LIA.  

A: This issue is answered in the previous question. Fig. 2 indicates the position of the moraines 

older than LIA. 

Lines 180-181: “the elevation of the upper limit of the frontolateral moraines from this period.” 

This is unclear... Do you talk about "lateral moraine method" after Porter (2001)? 



A: No, we talk about the Mean Equilibrium-Line Altitude method. This part has been cleared as: 

“Given the favorable state of preservation of the moraines from the Little Ice Age (LIA), the LIA 

ELAs obtained using the AABR method were compared with the LIA ELA obtained with the MELA 

method (Mean Equilibrium-Line Altitude; Serrano et al., 2012). This method considers that 

elevation of the upper limit of the frontolateral moraines coincides with the ELA of that moment, 

as is at this elevation where the glacier began to melt.” 

Line 183: You do not explain how do you constrain the ELA after orthophotos??? To constrain 

current ELA, you need to record data from glaciological balises on the field.  

A: To clarify this a sentence has been added to the revised manuscript: “To determine the ELA in 

2023 the line that separated the accumulation area (snow area) from the ablation area (ice area) 

was drawn manually from UAV photos, and we calculated the mean elevation of this line for the 

three glaciers.”  

Line 186-187: This suppose the older AGT (at the time of older and younger dryas) was the same 

than the current AGT. This is not obvious and should be discussed later in the paper. 

A: It is true that the AGT could change thought time, but this is the most accurate way to determine 

changes in temperature along time considering the geomorphological (glacial) features. Other 

studies such us Serrano-González (2004) has also use this methodology. Some information has 

been added: “Also, the TLR present some inaccuracy, because we cannot assure that this gradient 

has been constant trough time as it is very dependent on atmospheric humidity. Even thought, it 

is the only available approximation to obtain a proxy of temperature variation between periods, 

as shown by Serrano-Cañadas and González-Trueba (2004) and Vidaller, (2018a)” 

Serrano-Cañadas, E., & González-Trueba, J. J. (2004). El método AAR para la determinación de 

paleo-ELAs: Análisis metodológico y aplicación en el macizo de Valdecebollas (Cordillera 

Cantábrica). Cuadernos de Investigación Geográfica, 30, 7–34. 

Vidaller, I. (2018). Geomorfología del macizo de Eriste: cálculo de paleoELAs y consideraciones 

paleoambientales. https://zaguan.unizar.es/record/77933 

Lines 228-229: It would be interesting to analyse the TCN results with respect to the location 

within the sequence of moraines ridges (hospital moraine, plan de llanos moraine, Aiguallut 

moraine, etc...) because these frontal and lateral moraines ridges delineate the ice extent of the 

Ésera glacier for several glacial still stand stadial. TCN dates from boulders located on frontal 

and/or lateral moraines ridges allow these event (these glacial still stand stadial) to be dated. 

A: This issue has been responded in the discussion as: “The absence of moraines in this area, 

with only sporadic till present, lends further credence to the hypothesis that the glacier retreated 

rapidly during this period, never attaining a state of equilibrium.” 

Lines 231-233: Hence you attribute the Llanos de Hospital stadial to the Oldest Dryas (16-15 ka). 

A: Yes, we associate the Llanos de Hospital stadial to the Oldest Dryas as indicated by the TCN 

dating of the moraine (samples PDE-13 and 14). This sentence has been rewritten as: “The 

samples from the furthest downstream location (PDE-13 and -14), dated at 16.26±0.67 and 



16.64±0.62 ka and situated at Llanos del Hospital (Fig. 3), were retrieved from a moraine that 

was formed during the OD”. 

Lines 235-237: These two sentences do not allow reader to understand the chronological 

milestones at 13.9, 12.8 and 11 ka reported in Table 2. 

A: We have rewritten the sentence as: “Eight samples situated between Pllan d’Están and 

Aiguallut (PDE1-7 and -12) exhibit highly similar ages, within the confines of their respective 

error margins (Fig. 4a). These samples, located all of them in a disperse till, represent the rapid 

deglaciation of the Ésera valley during the B-A period (14.6-12.9 ka). In the case of, samples 

PDE-10 and PDE-11, obtained from a frontal moraine, these samples were associated to an 

equilibrium glacial stage in the Early Holocene.”. 

Lines 239-240: It would be interesting to add to this sentence information about ELA (because 

ELA is directly controlled by climate change while glacier length is controlled by climate change 

AND hypsometric setting of the glacier catchment. 

A: Thank you for the recommendation, but in the results section, we prefer to maintain the 

structure and present the results from the cosmogenic dates and then the paleoELAs results. In 

the introduction section some information has been added: “The ELA is highly sensitive to climatic 

changes that modify the extension of the accumulation and ablation zones, and also it depends on 

the shape and hypsometry of the glaciers (even though the evolution of the glaciers is also 

controlled by climate change; Quesada-Román et al., 2020; Sagredo et al., 2014; Zemp et al., 

2007)). This allows the   deducing past climate variability through the variations in reconstructed 

paleoELAs (Dahl and Nesje, 1992; Sissons and Sutherland, 1976; Sutherland, 1984)”. Also, in 

the discussion section both results (cosmogenic dates and paleoELAs) are discussed together. 

Lines 240-241: So, after your data, what is the age of Pllan d’Están moraines and Aiguallut 

moraines? 

A: This information has been added as: “Eight samples situated between Pllan d’Están and 

Aiguallut (PDE1-7 and -12) exhibit highly similar ages (between 12.54±0.45 and 14.34±0.52 

ka)”. 

Lines 243-244: After your data, what was the extent of the Ésera glacier at the time of the Younger 

Dryas? Given this catchment host currently the biggest Pyrenean glaciers, it would be stage if the 

younger dryas cooling did not trigger a glacial advance. 

A: Unfortunately, we do not have this information. If there was a glacial advance in this valley 

during the YD, it must have been small since it did not erode the moraines and till deposited in 

earlier times. From Pllan d’Están proglacial sediments we infer that the Ésera glacier position was 

located upstream Pllan d’Están. We suspect that the glacier advance associated to the YD in this 

valley was a small one, probably the front would be located between the position of the B-A dates 

and Pllan d’Están. 

Line 253: Ice margin deposits used to reconstruct ice extent at several time of the Late Pleistocene 

is not well explained (see comments above). Hence, we miss information to understand how you 



performed to calculated ELA at 13.9; 12.8 and 11 ka. For ELA at 16 ka and at 0.4 ka, we have 

information to understand. 

A: This information has been added in the methodology section as: “For each calculated ELA, 

the glacier surface was reconstructed, considering the frontal moraines and till previously 

mapped and dated with cosmogenic isotopes. To determine the lateral extension of the Ésera 

glacier for each extent lateral moraines, till and in some cases very clear thresholds that avoid 

the expansion of very thin layer of ice previously mapped (Vidaller et al., 2024a).” 

Line 257: This approach is not explained in this paper. This said, AABR method is known to be 

the best one currently available to reconstruct paleoELA based on frontal and lateral moraines 

ridges. 

A: In the methodology section there is a paragraph explaining this: “The 2023 ELA was obtained 

from orthophotos captured during a drone survey conducted in September 2023. To determine 

the ELA in 2023 the line that separated the accumulation area (snow area) from the ablation area 

(ice area) was draw manually and determine for the three glaciers the mean elevation of this 

line.” 

Line 260-261: “The formation of these frontolateral moraines occurred at the onset of glacial 

retreat, coinciding with the initial stages of the ablation zone”. This is not correct and confuse. 

A: This sentence has been removed and the paragraph has been modified as “Furthermore, a 

similar exercise can be conducted using the LIA moraines, comparing the paleoELA obtained 

with the MELA method and the paleoELA obtained with the AABR method which are the most 

well-preserved moraines in the valley. The formation of these frontolateral moraines occurred at 

the onset of glacial retreat, coinciding with the initial stages of the ablation zone. Consequently, 

their elevations should align with the paleoELA of the LIA. In this instance, when solely 

considering the largest glaciers (Maladeta, Aneto and Tempestades), which exhibit the most well-

preserved moraines and thus provide the most robust calculations, the discrepancy between the 

theoretical paleoELA of the LIA and the elevation of the moraine does not exceed 50 m, thereby 

validating our calculations.” 

Lines 267-268: It would be more accurate to note "during the post-LGM deglaciation", but this 

imply you assume that Ésera glacier covered Pllan d’Están at the time of the Global LGM. 

A: Change as suggested. 

Line 271: This affirmation is not so clear when you read Vidaller et al. 2024a 

A: The reference has been removed. We checked this hypothesis with the cosmogenic data.  

Line 272: Chane “higher” by “lower”. 

A: This sentence has been changed: “The greatest temperature increase occurred during the B-A 

period, temperature increase 0.6ºC in only 1ka (Table 2).” 



Table 2: Ice extent at 16 ka is based on PDE13 and 14, i.e. Llanos de Hospital glacial still stand 

stage. But you do not indicate on which samples (and thus on which moraines ridges and glacial 

stages) you calculate ELA at 13.9, 12.8 and 11 ka. This information is essential to guarantee the 

reproducibility of these results. 

A: Two new rows have been added to the table in order to better reflect that information. 

Age 47 ka 16 ka 13.9 ka 12.8 ka 11 ka 0.4 ka Year 2023 

Sample 
Pllan d’Están 

core 

PDE-13 

PDE-14 
PDE-1 PDE-12 

PDE-10 

PDE-11 

PDE-8 

PDE-9 
Drone images 

Sample type Core 
Moraine ridge 

boulder 
Till boulder Till boulder 

Moraine ridge 

boulder 

Moraine ridge 

boulder 
- 

Period MIS3 Oldest Dryas Onset Allerød End Allerød Early Holocene Little Ice Age Present 

Phase 
Pllan d’Están 

proglacial lake 

Llanos del 

Hospital 

Pllan d’Están 

subglacial lake 
Aiguallut 

Salterillo-

Barrancs 
Last advance 

Very small 

glaciers 

ELA (m a.s.l.) 2517±42 2410±11 2519±47 2645±88 2778±77 2868±89 3099±140 

ΔT (ºC) 

Period-2023 
3.1±0.2 3.6±0.1 3.0±0.2 2.4±0.5 1.7±0.4 1.1 ±0.5 -- 

 

Lines 283-284: Given the importance of data from Pllan d’Están (OSL and 14C dating from 

lacustrine sequence), I suggest you integrate to this paper a figure summarizing data that are used 

here (in this paper) to reconstruct Ésera glacier fluctuations. 

A: A new figure will be included summarizing the information presented in Vidaller et al. (2024) 

and trying to integrate it with the new data presented in this paper. The figure will be similar to 

this one: 

 

Lines 286-287: Please, do not be so allusive. Detail what you mean. 

A: A reference to El Portalet lacustrine record has been added. 

Lines 295-296: This is a OSL dating from fluvioglacial deposit (terrace at + 20m). 

A: Thank you, we have changed it.  

Lines 296: The error bar for this age is 4.5 ka and not 11 ka. 



A: Change as suggested. 

Line 296: This is a weiteg age from 3 OSL dating on a fluvioglacial deposit (terrace Qt7) 

A: Thank you, this information has been added. 

Line 297: In Pyrenees, they are other evidences of glacial advances at the beginning of the Late 

Pleistocene: see Pallas et al., 2010 and Delmas et al., 2011. 

A: Thank you, this information has been added. 

Lines 320-321: This argument is not so clearly stated in Vidallet et al., 2024b 

A: As we answered in another similar question, we have deleted this reference. We checked this 

hypothesis with the cosmogenic data. 

Line 324: You can be more affirmative given the moraine fated at 36 ka is not so far from the 

PLGM. 

A: The word “probably” has been deleted to be more affirmative. 

Line 331-332: Ok but what is your opinion about the ice extent in Ésera Valley at the time of the 

global LGM (did the ice covered Pllan d’Están?) 

A: We have already responded to this question above, at the beginning of the letter as a “major 

comment”. Also, it is very difficult with our data to determine the front of the Ésera glacier during 

the LGM but we are certain that the glacier covered Pllan d’Están as indicated the type of 

sediments and the fact that the Llanos del Hospital moraine is dated at 16 ka BP. The sentence 

has been completed as: “In the headwaters of the Ésera valley, for instance, there are no 

published dates that correspond to this period (23-18 ka), but surely Pllan d’Están was covered 

by ice, still being a subglacial lake.” 

Lines 334-335: You can also cite Pallas et al., 2010; Delmas et al., 2011. 

A: Refences added. 

Line 352: For this valley, please, cite Delmas et al., 2011 and 2012. 

A: Refences added. 

Line 353: For TCN dating around 16 ka in Pyrenees, you can also cite Reixach et al., 2021, Pallas 

et al., 2010 and Andres et al., 2018. 

A: Refences added. 

Lines 361-362: Hence you must assume that Pllan d’Están was covered by ice at the time of 

Global LGM and at the time of Oldest Dryas. In order to well understand this sentence, it is very 



important to give (in this paper) a figure reporting all 14C and OSL dating (with error bar) obtained 

in the lacustrine sequence of Pllan d’Están. 

A: A new figure (Fig 5) has been added in order to clarify this issue. 

Line 402: add the reference of Reixach et al. (2021) with the reference of Jomelli et al. (2020). 

A: Refence added. 

Line 455: Change “deglaciation” by “ice fluctuation”. 

A: Change as suggested. 
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