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This paper reviews current understanding of deglaciation in North, Central and South 51 America from the Last Glacial Maximum to the beginning of the Holocene. Together 52 with paleoclimatic and paleoceanographic data, we compare and contrast the pace of 53 deglaciation and the response of glaciers to major climate events. During the Global Last 54 Glacial Maximum (GLGM, 26.5-19 ka), average temperatures decreased 4º to 8ºC in the 55 Americas, but precipitation varied strongly throughout this large region. Many glaciers 56 in North and Central America achieved their maximum extent during the GLGM, whereas 57 others advanced even farther during the subsequent Heinrich Stadial 1 (HS-1). Glaciers 58 in the Andes also expanded during the GLGM, but that advance was not the largest, 59 except on Tierra del Fuego. HS-1 (17.5-14.6 ka) was a time of general glacier thickening 60 and advance throughout most of North and Central America, and in the tropical Andes; 61 however, glaciers in the temperate and subpolar Andes thinned and retreated during this 62 period. During the Bølling-Allerød interstadial (B-A, 14.6-12.9 ka), glaciers retreated 63 throughout North and Central America and, in some cases, completely disappeared. Many 64 glaciers advanced during the Antarctic Cold Reversal (ACR, 14.6-12.9 ka) in the tropical 3 65

Andes and Patagonia. There were small advances of glaciers in North America, Central 66 America and in northern South America (Venezuela) during the Younger Dryas (12.9-67 11.7 ka), but glaciers in central and southern South America retreated during this period, 68 except on the Altiplano where advances were driven by an increase in precipitation.

69

Taken together, we suggest that there was a climate compensation effect, or 'seesaw', 70 between the hemispheres, which affected not only marine currents and atmospheric 71 circulation, but also the behavior of glaciers. This seesaw is consistent with the opposing 72 behavior of many glaciers in the Northern and Southern Hemispheres.

In southern Peru (Fig. 2), western Bolivia and northern Chile, the western Andean range 196 marks the west edge of the Altiplano and Puna Plateau, a closed basin that contains the 197 great lakes of Titicaca (3806 m asl), Poopó (3685 m asl), and Salar de Uyuni (3653 m 198 asl). Here, typical elevations are 4000-5000 m asl; the basin is surrounded by the Western 199 and the Eastern Andes, where large volcanoes reach elevations greater than 6000 m asl. are based on CRONUS-Earth production rates (Borchers et al., 2016, Marrero et al., 411 online exposure age calculators (v. 2.2) [START_REF] Balco | A complete and easily 2623 accessible means of calculating surface exposure ages or erosion rates from 10 Be 2624 and 26 Al measurements[END_REF], using the time-dependent 412 Lal/Stone scaling model and the "Patagonian" production rate of [START_REF] Kaplan | In-situ cosmogenic 10 Be production rate at Lago Argentino, Patagonia: 3444 Implications for Late-Glacial climate chronology[END_REF]. As 413 in North and Central America, the South American cosmogenic ages differ slightly 414 between some regions, but the errors do not exceed 5% and thus do not change the overall 415 conclusions of the paper.

416

We have converted 14 C ages from all the regions to calendar year ages using CALIB 7.1. The first period analyzed covers the time between 26.5 ka and 19 ka, when most of the 421 northern ice sheets and many mountain glaciers reached their maximum extent in the last 422 glacial cycle [START_REF] Clark | The Last Glacial Maximum[END_REF]. This period coincides with the time of minimum sea 423 level and is characterized by a quasi-equilibrium between the cryosphere and climate 424 [START_REF] Clark | The Last Glacial Maximum[END_REF]. Following standard usage [START_REF] Clark | The Last Glacial Maximum[END_REF][START_REF] Hughes | Timing of glaciation during the last 3357 glacial cycle: Evaluating the concept of a global 'Last Glacial Maximum' 3358 (LGM)[END_REF],

425
we have called this period the 'Global Last Glacial Maximum' (GLGM). Clark et al. 426 (2009) note that many ice masses, especially mountain glaciers, achieved their maximum 427 extents prior to or after this period, and that the term 'Local Last Glacial Maximum' 428 (LLGM) should be used to describe local maxima in particular regions. They further 429 proposed 20-19 ka for the beginning of deglaciation, which was the time when most of 430 the northern ice sheets began to retreat, sea level and temperatures started to increase, 431 followed by an increase in the concentration of CO 2 in the atmosphere. Hughes et al. 432 (2013), in an exhaustive review of the chronology of the LLGM throughout the world,

433

show that not only did many mountain glaciers achieve their maximum extents before the 434 GLGM, but some northern ice sheets did as well. They acknowledge, however, the 435 fundamental role that the Laurentide Ice Sheet played in deglaciation, where the LLGM 436 broadly coincides with the GLGM. The extent of glaciation during the LGM is summarized in Figure 3. The large extent of 439 the LIS was the result of planetary cooling, but its very existence also had an effect on 440 the evolution of mountain glaciers. The GLGM broadly coincides with the maximum size 441 of the Laurentide Ice Sheet (LIS) [START_REF] Dyke | The Laurentide and Innuitian ice sheets during the Last 3104 Glacial Maximum[END_REF][START_REF] Clark | The Last Glacial Maximum[END_REF]Stokes, 2017).

442

Despite the difficulty of precisely dating the maximum extent of the ice sheet, it is widely accepted that different sectors of the LIS reached their local maxima at different times 444 during the broad interval of the GLGM. For example, it has been suggested (Dyke et al., al., 2018) and, in the southeast, by eustatic sea-level rise [START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF]. In contrast, retreat 465 of the land-based southern margin is thought to have been driven mainly by orbital forcing 466 [START_REF] Clark | The Last Glacial Maximum[END_REF]Gregoire et al., 2015). Based on 22 10 Be surface exposure ages on 467 boulders on GLGM moraines in Wisconsin, Ullman et al. (2015a) dated the initial retreat 468 of the ice sheet to as early as 23±0. [START_REF] Mark | [END_REF] ka, which coincided with a small increase in boreal 469 summer insolation. 10 Be ages on samples 10-15 km up-ice from these moraines indicate 470 a marked acceleration in retreat after ca. 20.5 ka that coincided with increased insolation 471 prior to any increase in atmospheric carbon dioxide. This lends support to the notion that 472 orbital forcing was the primary trigger for deglaciation of the LIS (see also Gregoire et 473 al., 2015 andHeath et al., 2018).

474

Although increased insolation is thought to have triggered the initial retreat of the 475 southern margin of the ice sheet (Ullman et al., 2015a), it is interesting to note that the 476 overall net surface mass balance likely remained positive for much of the early part of 477 deglaciation (Ullman et al., 2015b). However, the ice sheet was clearly shrinking, which 478 implies that the primary mechanism of mass loss was dynamic discharge/calving from 479 major marine-based ice streams (Margold et al., 2015(Margold et al., , 2018;;Ullman et al., 2015b;Robel 480 and Tziperman, 2016;Stokes et al., 2016). Indeed, ~25% of the ice sheet's perimeter was 481 occupied by streaming ice at the global LGM, compared to ~10% at 11 ka (Stokes et al., 482 2016). Only when summer temperatures increased by 6-7˚C relative to the LGM did the 483 overall net surface mass balance turn increasingly negative (Ullman et al., 2015b).

484

Numerical modelling suggests that this occurred soon after ~11. 5 ). The rapid retreat of these terrestrial margins contrasts with the generally slow 487 retreat of the northern and eastern marine-based margins and resulted in a highly 488 asymmetric pattern of retreat towards the major dispersal centers in the east (Dyke and 489 Prest, 1987;Margold et al., 2018). [START_REF] Kaufman | A ∼33,000 year record of environmental change from Arolik Lake, 3457 Ahklun Mountains[END_REF], the Alaska Range (Tulenko et al., 2018), the 499 Brooks Range and Arctic Alaska [START_REF] Pendleton | Rapid and early deglaciation in the central Brooks Range[END_REF]. The best available maximum 500 age for the LGM glacier advance in Alaska -~24 ka -is arguably from the Ahklun 501 Mountains [START_REF] Kaufman | A ∼33,000 year record of environmental change from Arolik Lake, 3457 Ahklun Mountains[END_REF][START_REF] Kaufman | Late Quaternary tephrostratigraphy, Ahklun Mountains, SW 3461 Alaska[END_REF]. Deglaciation in Alaska commenced as early as 502 ~21 ka. Recognizing that cosmogenic nuclide exposure ages of moraine boulders 503 represent the culmination of an advance, mean exposure ages of LGM terminal moraine 504 boulders (~21 ka) mark the transition from maximum glacier conditions to ice retreat and 505 terminal moraine stabilization. Moraines up-valley of terminal moraines were formed in 506 the Ahklun Mountains (Manley et al., 2001), and marine sediments were deposited within

507

LGM extents in Cooke Inlet (Reger et al., 2007) as early as ~20 ka. In the Alaska Range, 508 the first moraines up-valley of the LGM terminal moraines were deposited ~20 ka (Tulenko et al., 2018). In at least one or two valleys in the Brooks Range that are 510 accurately dated, glaciers receded well up-valley between ~21 ka and ~17 ka (Pendleton one LLGM moraine boulder yielded a 10 Be age of 24.7±1.8 ka and glaciated bedrock just inside the LLGM limit returned a 10 Be exposure age of 31±2.4 ka. Similar ages have been 737 obtained from the terminal moraines at Cerro Uturuncu, south of paleolake Tauca on the 738 Bolivian Altiplano, with 8 of 12 3 He ages between 46 and 33 ka (Blard et al., 2014).

739

Similarly, a single boulder on the outer terminal moraine in Encierro Valley yielded a 740 10 Be age of 35±2 ka (Zech et al., 2006), and 9 of 13 10 Be samples from the outermost 741 moraines, drift, and outwash at Cordón de Doña Rosa returned ages ranging from 49 to 742 36 ka (Zech et al., 2007).

743

If the local LGM moraines date to 49-35 ka, they were built at about the same time as the 744 Incahuasi highstand, during which a deep lake formed in the Pozuelos Basin in Argentina 745 (McGlue et al., 2013), and during a period when glaciers in the subtropical Argentine 746 Andes expanded (see Section 4.11).

747

Exposure ages on bedrock inside the prominent LLGM moraines (Blard et al., 2014; 748 [START_REF] Ward | Late Pleistocene 4465 glaciations of the arid subtropical Andes and new results from the Chajnantor 4466 Plateau, northern Chile[END_REF] indicate that deglaciation was underway by 20-17 ka. Assuming these 749 ages are valid, deglaciation of the western cordillera in northern Chile may have preceded 750 that of the Altiplano.

751

The scatter in cosmogenic ages on moraines in this region may be due to differences in 752 dating methods. 36 Cl production is environmentally sensitive, and production rates are 753 less certain than those for 10 Be. However, 10 Be ages on the same features also exhibit 754 scatter [START_REF] Ward | Late Pleistocene 4465 glaciations of the arid subtropical Andes and new results from the Chajnantor 4466 Plateau, northern Chile[END_REF]. For example, the LLGM moraines bordering the former 200 755 km 2 ice cap on the Chajnantor Plateau (4500-5500 m asl) have yielded both 10 Be and 36 Cl 756 ages ranging from 141 to 43 ka. However, 10 Be and 36 Cl exposure ages on glaciated 757 bedrock beneath the most prominent moraines are younger and less scattered (30-18 ka), 758 and one boulder on a small moraine ~1 km inboard of the LLGM margin yielded an age 759 of 26.7±2.8 ka, similar to the bedrock ages [START_REF] Ward | Across the Arid Diagonal: Deglaciation 4462 of the western Andean Cordillera in southwest Bolivia and northern Chile. 4463[END_REF]. Additionally, the youngest 760 bedrock exposure ages (20-18 ka) are from downvalley sites, near the terminal moraines, 761 whereas ages higher on the plateau are older (30-26 ka) [START_REF] Ward | Late Pleistocene 4465 glaciations of the arid subtropical Andes and new results from the Chajnantor 4466 Plateau, northern Chile[END_REF]. This pattern 762 cannot be explained by retreat of the glacier margin; rather it suggests that the LLGM 763 moraines contain a significant component of older reworked material with cosmogenic 764 inheritance. It is also consistent with the lesser, but still considerable, scatter seen in the 765 ages on LLGM valley glacier moraines in the region.

the Pantanal and southeastern Brazil all indicate wetter conditions during the GLGM 798 [START_REF] Cruz | Insolation-driven 2975 changes in atmospheric circulation over the past 116,000 years in subtropical 2976 Brazil[END_REF][START_REF] Wang | Millennial-scale precipitation changes in southern Brazil over 4456 the past 90,000 years[END_REF][START_REF] Kanner | High-latitude forcing 3422 of the South American summer monsoon during the last glacial[END_REF][START_REF] Cheng | Climate change patterns 2875 in Amazonia and biodiversity[END_REF]Novello et 799 al., 2017) due to an intensification of the South American summer monsoon.

800

The glacial chronology south of the Arid Diagonal is poorly constrained. Moraines the GLGM compared to today [START_REF] Kaiser | Glacial to 3418 Holocene changes in sea surface temperature and coastal vegetation in north 3419 central Chile: High versus low latitude forcing[END_REF][START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF]. Patagonian glaciers achieved their maximum extents earlier than the GLGM, during MIS 816 3 (Darvill et al., 2015;Garcia et al., 2018). Detailed stratigraphic and chronologic data 817 exist in the Chilean Lake District (41°S) on the northwest side of the former ice sheet 818 (Denton et al., 1999a;[START_REF] Henríquez | Vegetation 3298 and climate change, fire-regime shifts and volcanic disturbance in Chiloé 3299 Continental (43º S) during the last 10,000 years[END_REF][START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF]. Here, multiple radiocarbon-based 819 chronologies bracket the time of local major expansions of piedmont lobes at ~33.6, 820 ~30. 8, ~26.9, ~26 and 17.8 ka (Denton et al., 1999a;[START_REF] Henríquez | Vegetation 3298 and climate change, fire-regime shifts and volcanic disturbance in Chiloé 3299 Continental (43º S) during the last 10,000 years[END_REF]. There is a 821 significant gap in glacial chronologies for the area between 41° and 46°S, except for the 822 Cisnes valley (44°S) where moraines dating to the end of the GLGM ( 10 Be mean age ~20 823 ka) are inside more distal moraines that are assumed to date to earlier phases of the last 824 glacial cycle (de Porras et al., 2014;Garcia et al., 2019). However, the more distal 

829

In the former area, ages of ~26 ka have been obtained for the local maximum extent of 830 the PIS [START_REF] Kaplan | Cosmogenic nuclide chronology of millennial-scale glacial advances during O-3426 isotope stage 2 in Patagonia[END_REF][START_REF] Kaplan | In-situ cosmogenic 10 Be production rate at Lago Argentino, Patagonia: 3444 Implications for Late-Glacial climate chronology[END_REF][START_REF] Douglass | Cosmogenic nuclide surface exposure dating of boulders on Last Glacial 3086 and Late Glacial moraines, Lago Buenos Aires, Argentina: Interpretive 3087 strategies and paleoclimate implications[END_REF], coincident with the GLGM.

863

extensive lobes in the Straits of Magellan and Bahía Inútil [START_REF] Clapperton | The last 2905 glaciation in central Magellan Strait, southernmost Chile[END_REF] 864 Rabassa et al., 2000;[START_REF] Bentley | The 2691 landforms and pattern of deglaciation in the Strait of Magellan and Bahía Inútil, 2692 southernmost South America[END_REF]McCulloch et al., 2005a;[START_REF] Coronato | Glacial 2966 geomorphology of the Pleistocene Lake Fagnano ice lobe, Tierra del Fuego, 2967 southern South America[END_REF] 865 Darvill et al., 2014) (Fig. 20). Surface exposure ages of glacial landforms in Tierra del 866 Fuego suggest that these lobes achieved their maximum extents by ~25 ka and remained 867 there until ~18 ka (McCulloch et al., 2005b;[START_REF] Kaplan | Southern Patagonian glacial chronology for the Last 3434 Glacial period and implications for Southern Ocean climate[END_REF][START_REF] Evenson | Enigmatic boulder trains, 3119 supraglacial rock avalanches, and the origin of "Darwin's boulders[END_REF].

868

However, several belts of ice-marginal landforms occur outside these moraines 869 (Caldenius, 1932;[START_REF] Clapperton | The last 2905 glaciation in central Magellan Strait, southernmost Chile[END_REF]McCulloch et al., 2005a;[START_REF] Evenson | Enigmatic boulder trains, 3119 supraglacial rock avalanches, and the origin of "Darwin's boulders[END_REF], 870 and existing exposure age data have yielded conflicting results. Some of these outer 871 moraines have been assigned pre-GLGM ages, but an analysis of weathering of erratic 872 boulders suggests that most, if not all, of them may date to the last glaciation (Darvill et 873 al., 2015b). On the southern flank of the Cordillera Darwin, outlet glaciers formed an ice 874 stream in Beagle Channel that terminated near the Atlantic Ocean (Caldenius, 1932; 875 Rabassa et al., 2000Rabassa et al., , 2011;;[START_REF] Coronato | Glaciations in the Magellan Straits 2961 and Tierra del Fuego, southernmost South America[END_REF][START_REF] Coronato | Glacial 2966 geomorphology of the Pleistocene Lake Fagnano ice lobe, Tierra del Fuego, 2967 southern South America[END_REF], but remains undated. Moreover,

876

there is no convincing evidence on the Pacific Coast for the position of the GLGM ice-877 sheet margin, and reconstructions range from extensive ice on the continental shelf 878 (Caldenius, 1932) to ice terminating close to the present-day shoreline (Coronato et al., 879 2009). Given the uncertainty in GLGM positions around most of the margin, the time of 880 the onset of glacier recession is difficult to pinpoint. However, on both the north and south 881 sides of the range, radiocarbon ages from bog sediments, as well as a limited number of 882 exposure ages from erratics, indicate that glaciers had receded to the interior of the 883 mountains by ~17 ka [START_REF] Heusser | Climate and chronology of Antarctica and adjacent South 3307 America over the past 30,000 yr[END_REF]Hall et al., 2013;Menounos et al., 2013) (Fig. 20).

884

Synthesis

885

Based on current understanding, glaciers in North and Central America during the GLGM 886 (Table 1 andFig However, there are some differences. For example, the ELA depression in Alaska was 897 less than 500 m, and the corresponding summer temperature depression was likewise less 898 than in the western US. The pattern of precipitation during the GLGM apparently was show that moraines down-ice of this limit may also date to the last glaciation. In the rest 925 of the Andean Cordillera, moraines were built during the GLGM, but the maximum 926 advance apparently happened up to several thousands of years earlier; in southern 927 Patagonia the LLGM may have occurred during MIS 3 as few other southern high latitude 928 regions such as Kerguelen (Jomelli., et 2018). We also note that the moraines that 929 coincide with the GLGM are not necessarily the largest, as is commonly the case in North 930 America where glacier fronts remained in the same position for an extended period of 931 time.

932

Glaciers in the central part of the Altiplano, in the vicinity of paleo-lake Tauca, remained 933 close to their LLGM positions until the end of H-1 (Martin et al., 2018). Elevated 934 precipitation during H-1 apparently sustained glaciers until the end of that period. In 935 summary, throughout the Andes, the GLGM seem to be marked by an expansion of 936 glaciers, but that advance was not the largest everywhere. Across the Andes, this period The second period analyzed is the Heinrich 1 Stadial (HS-1), which is called the 'Oldest

946

Dryas' in Scandinavia. The term HS-1 comes from records of marine sediments that show 947 the massive discharge of icebergs into the North Atlantic during this period (Heinrich, 948 1988), mainly from the Hudson Bay/Strait region, the main drainage route for the LIS 949 [START_REF] Hemming | Heinrich events: Massive late Pleistocene detritus layers 3295 the North Atlantic and their global climate imprint[END_REF]. The use of the term as a chronological unit has been criticized 950 (Andrews and Voelker, 2018) from a sedimentological point of view. The term Oldest 951 Dryas, although widely used, has also been criticized because it is not clearly delimited 952 chronologically (Rasmussen et al., 2014). In this paper, we follow the paleoclimate and 953 paleoglaciological criteria of [START_REF] Denton | The mystery interval 17.5 to 3056 14.5 kyrs ago[END_REF], who delimit HS-1 between the 954 Heinrich 1 "event" (17. 5 ka) and the beginning of the Bølling-Allerød interstadial (14.6 955 ka). They refer to this period as the 'Mystery Interval' due to the fact that, although CO 2 956 concentrations in the atmosphere increased during this time, temperature dropped sharply 957 in the Northern Hemisphere and in the tropics. In our study, we opt for the term HS-1 for 958 the same time period, following the standard differentiation between "event" and 959 "stadial" (Rasmussen et al., 2014;Heath et al., 2018).

HS-1 is a climate event that interrupted deglaciation. In the North Atlantic region, 961 temperatures fell drastically in winter, sea ice expanded, and the ocean cooled (Barker et 962 al., 2010). Atlantic Meridional Overturning Circulation (AMOC) was sharply reduced or 963 even collapsed (McManus et al., 2004;[START_REF] Böhm | Strong and deep Atlantic meridional overturning circulation during the 2746 last glacial cycle[END_REF], and many mountain glaciers 964 advanced in Europe (Gschnitz stadial in the Alps; [START_REF] Ivy-Ochs | Glacier variations in the European Alps at the end of the last 3368 glaciation[END_REF], at least at the 965 beginning of HS-1. Although the European ice sheets decreased in size during this period 966 (Toucanne et al., 2015), it is clear that climate during HS-1 varied. There were periods 967 with hot summers that caused massive glacier melting (Thornalley et al., 2010;Williams 968 et al., 2012). The Asian monsoon disappeared [START_REF] Wang | Millennial-and orbital-scale changes in the 4459 East Asian monsoon over the past 224,000 years[END_REF], the South American 969 monsoon intensified [START_REF] Stríkis | Timing and structure of Mega-SACZ events 4328 during Heinrich Stadial 1[END_REF][START_REF] Stríkis | South American monsoon response 4333 to iceberg discharge in the North Atlantic[END_REF], and the Southern Hemisphere westerlies 970 were displaced polewards [START_REF] Denton | The Last Glacial Termination[END_REF]. Temperatures in Antarctica increased, 971 along with atmospheric CO 2 concentrations [START_REF] Monnin | [END_REF]Ahn et al., 2012), due 972 to Southern Ocean ventilation [START_REF] Barker | Interhemispheric Atlantic seesaw response during the last 2641 deglaciation[END_REF]. HS-1 is the period that best 973 demonstrates the close relationships among AMOC, atmospheric CO 2 and temperatures 974 in Antarctica [START_REF] Deaney | Timing and nature of AMOC 3043 recovery across Termination 2 and magnitude of deglacial CO 2 change[END_REF]. Heinrich 'layers,' including variable source areas (Andrews et al., 1998(Andrews et al., , 2012;;Piper and 980 Skene, 1998;[START_REF] Hemming | Heinrich events: Massive late Pleistocene detritus layers 3295 the North Atlantic and their global climate imprint[END_REF]Tripsanas and Piper, 2008;Rashid et al., 2012;Roger et 981 al., 2013;Andrews and Voelker, 2018). Thus, it is likely that other ice streams along the 982 eastern margin of the LIS, and possibly even farther afield at its northern margin (Stokes 983 et al., 2005), may have contributed, at least in part, to some Heinrich-like events 984 (Andrews et al., 1998(Andrews et al., , 2012;;Piper and Skene, 1998). However, the extent to which these 985 events were correlative is unclear, as are the wider impacts of Heinrich events on the 986 dynamics of the LIS. For example, readvances or stillstands elsewhere in the Americas 987 have been linked to HS-1, and yet evidence from the LIS is comparatively scarce. 988 [START_REF] Clark | Unstable behavior of the Laurentide Ice Sheet over deforming 2914 sediment and its implications for climate change[END_REF] was one of the first to propose a link between Heinrich events in the Hudson

989

Strait and the advance of ice margins/lobes resting on soft deformable sediments along 990 the southern margin of the ice sheet. Mooers and Lehr (1997) also noted the possibility 991 that the advance and rapid retreat of lobes in the western Lake Superior region may have 992 been correlative with Heinrich events 2 and 1, but this idea has since received relatively 993 little attention and there is little clear evidence for major re-advances of the LIS during 994 or soon after HS-1 (Heath et al., 2018). Rather, the most likely impact of HS-1 was to 995 lower the ice surface over Hudson Bay and drive changes in the location of ice dispersal 996 centers, with subsequent effects on ice-flow patterns (Margold et al., 2018). For example, 997 [START_REF] Dyke | The Laurentide and Innuitian ice sheets during the Last 3104 Glacial Maximum[END_REF] suggest that the drawdown of ice during HS-1 was likely sufficient to 998 displace the Labrador ice divide some 900 km eastward from the coast of Hudson Bay 999 and cause a major flow reorganization (see also Veillette et al., 1999). There is also 1000 evidence that parts of the ice sheet thinned rapidly in coastal Maine during the latter part 1001 of HS-1 (Hall et al., 2017b;[START_REF] Koester | Rapid thinning of the Laurentide Ice Sheet in coastal 3491 Maine, USA, during late Heinrich Stadial 1[END_REF].

1002

There is also clear evidence from several regions that the ice sheet retreated during HS-1003 1, punctuated by brief readvances or stillstands. For example, recalculated 10 Be data 1004 [START_REF] Balco | Cosmogenic-nuclide and varve chronologies for 2620 the deglaciation of southern New England[END_REF] during HS-1 do not exist, there is patchy information on ice extent at that time. In most 1014 locations where recessional moraines have been dated, some stillstands or re-advances 1015 have been inferred during HS-1. In the Brooks Range, a prominent recessional moraine 1016 has been dated to ~17 ka [START_REF] Pendleton | Rapid and early deglaciation in the central Brooks Range[END_REF], and the Elmendorf Moraine in south-1017 central Alaska dates to ~16. 5 ka (Kopczynski et al., 2017). Given the number of 1018 recessional moraines in most valleys, for example throughout the Alaska Range, the 1019 Ahklun Mountains, and the Kenai Peninsula, it is difficult to know if these glacial 1020 stabilizations necessarily relate to cooling triggered in the North Atlantic Ocean. Rather, 1021 they could be related to a number of factors that could cause glacier recession to be 1022 interrupted by re-advances or stillstands (e.g. isostatic rebound, solar variability, glacier 1023 hypsometric effects). Thus, attributing them per se to North Atlantic stadial conditions at 1024 this time is premature. In fact, in spite of some interruptions, there was overall significant 1057 (Licciardi and Pierce, 2018) (Figs. 11 and 12). Moraines dated to the HS-1 period are 1058 common in valleys along the eastern slope of the Teton Range (Licciardi and Pierce, 1059 2018) and in the Wind River Range [START_REF] Dahms | Revised Quaternary glacial succession and post-LGM 3005 recession, southern Wind River Range, Wyoming, USA[END_REF][START_REF] Dahms | Corrigendum to "Revised Quaternary glacial successioin and 3009 post-LGM recession, southern Wind River Range, Wyoming, USA[END_REF][START_REF] Marcott | the European Alps (Ivy-2314[END_REF]. In 1060 the Wind River Range, these moraines are ~1-2 km downvalley from cirque headwalls in 1061 14 valleys [START_REF] Dahms | Latest glacial and periglacial stratigraphy, Wind River Range, Wyoming[END_REF]. Ages from these moraines in Stough Basin, Cirque of the 1062 Towers and Temple Lake cluster around ~15.5 ka (Fig. 10) [START_REF] Dahms | Revised Quaternary glacial succession and post-LGM 3005 recession, southern Wind River Range, Wyoming, USA[END_REF]Marcott 1063[START_REF] Marcott | the European Alps (Ivy-2314[END_REF]. Subsequently, a second period of regional deglaciation was well under way 1064 after ~15 ka (Larsen et al., 2016;[START_REF] Dahms | Revised Quaternary glacial succession and post-LGM 3005 recession, southern Wind River Range, Wyoming, USA[END_REF][START_REF] Lian | History and dynamics of the greater 3627 Yellowstone glacial system during the last two glaciations[END_REF].

1065

Glaciers in some valleys in the Colorado Rocky Mountains receded during HS-1. In 1066 contrast, many other valleys contain end moraines dating to 17-16 ka. Ages on polished 1067 bedrock surfaces up-valley of these moraines have yielded ages that show that the glaciers 1068 retreated shortly thereafter [START_REF] Young | Assessing climatic and non-climatic forcing of Pinedale glaciation and 4519 deglaciation in the western United States[END_REF]Shakun et al., 2015a;Leonard et al., 1069Leonard et al., 2017aLeonard et al., , 2017b;;Laabs et al., 2020, submitted). [START_REF] Ward | Numerical 4469 modeling of cosmogenic deglaciation records, Front Range and San Juan[END_REF] suggest that there was a 

Sierra Nevada 1073

There is strong evidence for an advance of glaciers in the Sierra Nevada during HS-1 -1074 the Tioga 4 advance in local terminology (Phillips et al., 1996) -but HS-1 was not a time 1075 of extensive glaciation. As described in Section 3.5, retreat from the GLGM maximum 1076 began gradually at about 19 ka. It accelerated rapidly after 18 ka, and glaciers receded 1077 past Tioga 4 glacier margins by about 17 ka [START_REF] Phillips | Glacial chronology of the Sierra Nevada, California, from the 3984 Last Glacial Maximum to the Holocene[END_REF]. Retreat then reversed and 1078 glaciers readvanced to Tioga 4 positions by 16.2 ka (Fig. 14). The ELA depression for 1079 this advance was about 900 m, compared to the GLGM ELA depression of about 1200 1080 m. The Tioga 4 advance apparently was short-lived; by 15.5 ka, the range was effectively 1081 deglaciated. It is clear from the simultaneous expansion of Lake Lahontan and the Tioga 1082 4 glaciers that increased precipitation played a major role in glacier expansion at this time.

1083

The fact that Lake Lahontan was relatively small during Tioga 3 (21-19 ka, the LLGM), 1084 while glaciers were more extensive, shows that Tioga 3 was colder and drier than Tioga 4. Plummer (2002) estimated that Tioga 4 precipitation was 160% greater than today and 1086 temperature was 3°C cooler based on the inferred size of Searles Lake at that time. Had 1087 he used the extent of Lake Lahontan in his analysis, the increase in precipitation would 1088 have been even larger. [START_REF] Phillips | Glacial chronology of the Sierra Nevada, California, from the 3984 Last Glacial Maximum to the Holocene[END_REF] suggested that the large extent of sea ice in the in California through an atmospheric teleconnection. An impediment to further analysis 1091 of these topics is the chronological inconsistencies between the dating of the Sierra glacial and the HualcaHualca volcano (Fig. 17) provide independent evidence that glaciers in 1157 southern Peru advanced sometime after ~18.0-16.8 ka [START_REF] Mercer | Radiocarbon dating of the last glaciation in 3798 Peru[END_REF] 1189 the Lake Tauca basin. The presence of this drying trend to the south and west is supported 1190 by the lack of a clear Tauca-phase transgression at Pozuelos Basin in the Puna region, 1191 which is at a similar latitude to Cerro Uturuncu and El Tatio (McGlue et al., 2013). Based 1192 on the clustering of 10 Be and 36 Cl exposure ages on LLGM moraines (Section 4.10),

1193

Tauca-phase moraines appear to be either absent or restricted to higher parts of valleys at 1194 El Tatio, Cerro La Torta, and Chajnantor Plateau [START_REF] Ward | Across the Arid Diagonal: Deglaciation 4462 of the western Andean Cordillera in southwest Bolivia and northern Chile. 4463[END_REF], as well as at several 1195 sites on the central Puna Plateau [START_REF] Luna | Glacial chronology and production rate cross-calibration of five 3658 cosmogenic nuclide and mineral systems from the southern central Andean 3659 Plateau[END_REF] and the western slope of Nevado 1196 Chañi (24ºS) in Argentina (Martini et al., 2017a). The precipitation gradient is consistent 1197 with paleo-vegetation proxy records that indicate an approximate doubling of modern 1198 precipitation, from ~300 to ~600 mm/yr [START_REF] Grosjean | A 22,000 14 C year BP sediment and pollen record of climate change 3216 from Laguna Miscanti (23º S), northern Chile[END_REF][START_REF] Maldonado | Pollen analyses 3679 from a 50 000-yr rodent midden series in the southern Atacama Desert (25° 30′ 3680 S)[END_REF]; 1, followed by full deglaciation [START_REF] Ward | Across the Arid Diagonal: Deglaciation 4462 of the western Andean Cordillera in southwest Bolivia and northern Chile. 4463[END_REF]. 1 coincided with the Tauca paleo-lake (Blard et al., 2011;[START_REF]Fig. 17). 1939 Many glaciers advanced or experienced stillstands in the Central Andes during the early 1940 Holocene. The mean age of all Holocene moraine boulders is 11.0±0[END_REF]. Glaciers 1208 advanced in the Laguna Grande valley in the Tres Lagunas area between ~17 ka and ~15 1209 ka [START_REF] Zech | Timing 4530 and extent of late Pleistocene glaciation in the arid Central Andes of Argentina 4531 and Chile (22°-41°S)[END_REF], the east and west sides of Nevado de Chañi ~15 ka (Fig. 19) 1210 (Martini et al., 2017a), and in the Sierra de Quilmes, between ~18 ka and ~15 ka (Zech 1211[START_REF] Zech | Timing 4530 and extent of late Pleistocene glaciation in the arid Central Andes of Argentina 4531 and Chile (22°-41°S)[END_REF]. An exception to these findings comes from Sierra de Aconquija where [START_REF] Henríquez | Vegetation 3298 and climate change, fire-regime shifts and volcanic disturbance in Chiloé 3299 Continental (43º S) during the last 10,000 years[END_REF][START_REF] Bertrand | Climate 2698 variability of southern Chile since the Last Glacial Maximum: Continuous 2699 sedimentological record from Lago Puyehue (40 S)[END_REF]. Rapid warming 1221 began at 17.8 ka in northwestern Patagonia and approached average interglacial temperatures by 16. 8 ka (Moreno et al., 2015). Glaciers in northwestern Patagonia 1223 retreated out of the lowlands shortly before ~17.8 ka and into high mountain cirques 1224 above 800 m asl by 16.7 ka (Denton et al., 1999a;[START_REF] Henríquez | Vegetation 3298 and climate change, fire-regime shifts and volcanic disturbance in Chiloé 3299 Continental (43º S) during the last 10,000 years[END_REF]. The abrupt and 1225 synchronous withdrawal of many glacier lobes in northwestern Patagonia was 1226 contemporaneous with the rapid expansion of temperate rainforests [START_REF] Heusser | Paleoecology of the southern 3313 Chilean Lake District -Isla Grande de Chiloé during middle-Late Llanquihue 3314 glaciation and deglaciation[END_REF] 1227 Moreno et al., 1999), suggesting pronounced warming at 17.8 ka coupled with a poleward 1228 shift of the southern westerlies between 17. 8 ka and 16.8 ka (Pesce and Moreno, 2014; 1229 [START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF]. However, on the east flank of the Andes (Cisnes valley, 44°S), it 1230 has been suggested that glaciers started retreating somewhat earlier, at ~19 ka. At this 1231 site, it has been estimated that the ice had diminished to 40% of its local maximum extent 1232 by ~16.9 ka (Weller et al., 2017;Garcia et al., 2019). , 2010;[START_REF] Boex | Rapid thinning of the late Pleistocene Patagonian Ice Sheet followed 2743 migration of the Southern Westerlies[END_REF][START_REF] Mendelova | The Last Glacial 3775 Maximum and deglaciation in central Patagonia, 44°S-49[END_REF][START_REF] Davies | Asynchronous 3030 glacier dynamics during the Antarctic Cold Reversal in central Patagonia[END_REF]Thorndycraft et 1239Thorndycraft et al., 2019)). Retreat east of the shrinking ice sheet in the Lago Cochrane sector of central 1240 Patagonia occurred without discernable warming [START_REF] Henríquez | The Last Glacial Termination on the eastern flank of the central 3303 Patagonian Andes (47º S)[END_REF]. Almost 1241 certainly, however, this retreat was facilitated by calving in deep proglacial lakes that 1242 formed in the over-deepened Cochrane/Pueyrredón and General Carrera/Buenos Aires 1243 basins as the glaciers withdrew (Turner et al., 2005;Bell, 2008;Hein et al., 2010;Borgois 1244Borgois et al., 2016;;Glasser et al., 2016;[START_REF] Davies | Asynchronous 3030 glacier dynamics during the Antarctic Cold Reversal in central Patagonia[END_REF]Thorndycraft et al., 2019). At Lago 1245 General Carrera/Buenos Aires (46.5°S), glacier retreat from the Fenix I moraine 1246 commenced ~18 ka, but was interrupted by a readvance to the Menucos moraines at ~17.7 1247 ka. An annually resolved lake sediment record, tied to a calendar-year timescale by the 1248 presence of the well dated Ho tephra erupted from Volcán Hudson (17,378±118 cal yr 1249 BP), indicates that ice remained close to the east end of the lake until after 16.9 ka, before 1250 retreating back into the mountains [START_REF] Kaplan | Cosmogenic nuclide chronology of millennial-scale glacial advances during O-3426 isotope stage 2 in Patagonia[END_REF][START_REF] Douglass | Cosmogenic nuclide surface exposure dating of boulders on Last Glacial 3086 and Late Glacial moraines, Lago Buenos Aires, Argentina: Interpretive 3087 strategies and paleoclimate implications[END_REF]Bendle et 1251Bendle et al., 2017[START_REF] Bendle | Phased 2676 Patagonian Ice Sheet response to Southern Hemisphere atmospheric and oceanic 2677 warming between 18 and 17[END_REF]. [START_REF] Bendle | Phased 2676 Patagonian Ice Sheet response to Southern Hemisphere atmospheric and oceanic 2677 warming between 18 and 17[END_REF] suggest that the onset of deglaciation in central In southern Patagonia, the Lago Argentino lobe (50°S) retreated at least 60 km from its 1284 LLGM by 16.2 ka [START_REF] Strelin | Radiocarbon chronology of the late-glacial Puerto Bandera moraines, 4323 Southern Patagonian Icefield, Argentina[END_REF]. A nearby mountain glacier at Río Guanaco (50°S) 1285 retreated to half its extent between 18.9 ka and 17 ka, suggesting a temperature increase 1387 Weber et al., 2014). The process that drove the B-A would then be the opposite of that 1388 which caused HS-1, when the melting of the northern ice sheets led to warming in the 1389 Southern Hemisphere [START_REF] Zhang | Antarctic link with East Asian summer monsoon 4545 variability during the Heinrich Stadial-Bølling interstadial transition[END_REF]. During the B-A, cooling in Antarctica caused 1390 increased sea ice cover in the surrounding ocean, causing the southern westerlies and the 1391 Intertropical Convergence Zone (ITCZ) to migrate northward, and strengthening the 1392 AMOC, which in turn caused warming in the Northern Hemisphere [START_REF] Pedro | 3957 The spatial extent and dynamics of the Antarctic Cold Reversal[END_REF] 1393 [START_REF] Zhang | Antarctic link with East Asian summer monsoon 4545 variability during the Heinrich Stadial-Bølling interstadial transition[END_REF].

1394

The cold period in the south has been called the Antarctic Cold Reversal (ACR). We 1395 analyze the B-A and ACR together because they occurred around the same time, although 1396 the boundary between cooling in the south and the warming in the north is not well 1397 defined [START_REF] Pedro | 3957 The spatial extent and dynamics of the Antarctic Cold Reversal[END_REF]. The ACR has been well documented in Antarctic ice cores, 1398 and a clear bipolar seesaw is observed in relation to Greenland ice cores (Blunier et al., 1399[START_REF] Blunier | Timing of the 2739 Antarctic Cold Reversal and the atmospheric CO 2 increase with respect to the 2740 Younger Dryas event[END_REF][START_REF] Blunier | Asynchrony of Antarctic and Greenland climate change 2736 during the last glacial period[END_REF][START_REF] Pedro | The last deglaciation: 3961 Timing the bipolar seesaw[END_REF]. Cooling in the Southern Hemisphere is apparent up to 1400 40º S [START_REF] Pedro | 3957 The spatial extent and dynamics of the Antarctic Cold Reversal[END_REF], resulting in widespread glacier advance [START_REF] Denton | The Last Glacial Termination[END_REF] 1401 [START_REF] Shulmeister | 4241 The timing and nature of the last glacial cycle in New Zealand[END_REF]. There is also a clear cooling signal in tropical areas, at least in 1402 high Andean regions (Jomelli et al., 2014(Jomelli et al., , 2016)). [START_REF] Dyke | Late Wisconsinan and Holocene history of the 3097 Laurentide Ice Sheet[END_REF][START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF]Stokes, 2017). As a result, the LIS 1409 is likely to have fully separated from the CIS by the end of the interstadial, although 1410 precise dating of the opening of the 'ice-free corridor' remains a challenge [START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF]1411 Prest, 1987;Gowan, 2013;[START_REF] Dixon | Late Pleistocene colonization of North America from 3071 Northeast Asia: New insights from large-scale paleogeographic reconstructions[END_REF]Pedersen et al., 2016). It is worth noting, 1435 Despite an acceleration in the overall rate of recession, there appears to have been 1436 minimal recession of the LIS along its northern margin [START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF]. Also, there is 1437 evidence for readvances/oscillations of some of the lobes in the vicinity of the Great 1438 Lakes [START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF], perhaps related to internal 'surge' dynamics and short-lived ice 1439 stream activity, rather than any external climatic forcing [START_REF] Clayton | Surging of the southwestern part of 2937 the Laurentide Ice Sheet[END_REF]Patterson, 1440Patterson, 1997;;[START_REF] Cutler | Influence of the Great Lakes on the dynamics of the southern Laurentide 2982 Ice sheet: Numerical experiments[END_REF]Margold et al., 2015Margold et al., , 2018;;Stokes et al., 2016). There is also 1441 some evidence of climatically induced readvances of parts of the LIS during the B-A. For an abrupt increase in temperature or to a steady temperature increase during this broader 1455 time period is unknown. However, rising lake levels and decreasing aridity at ~15 ka 1456 (Abbott et al., 2000;[START_REF] Finkenbinder | A 31,000 year record of paleoenvironmental and lake-3123 level change from Harding Lake, Alaska, USA[END_REF][START_REF] Dorfman | A 37,000-year environmental magnetic record of aeolian dust 3077 deposition from Burial Lake, Arctic Alaska[END_REF] suggest that there 1457 was a major climate shift in Alaska at this time. CIS, but the ages of most of these landforms are unknown [START_REF] Riedel | Deglaciation of the North Cascade Range, Washington and 4111 British Columbia, from the Last Glacial Maximum to the Holocene[END_REF].

1474

Ice sheet deglaciation temporarily rearranged regional drainage patterns. Frontal retreat 1475 of ice back to the north from hydrologic divides led to the formation of proglacial lakes 1476 in southern British Columbia and northern Washington (Fulton, 1967;[START_REF] Riedel | Late Pleistocene Glacial and Environmental History of Skagit 4108 Valley[END_REF]. The and Nooksack rivers to the south into lower Skagit valley [START_REF] Clague | Pre-Younger Dryas resurgence of the southwestern margin of the 2887 Cordilleran ice sheet[END_REF]. Fish [START_REF] Heusser | Quaternary palynology of the Pacific slope of Washington[END_REF]Kutzbach, 1987;Liu et al., 2009). Rapid loss of the CIS was driven by a 1506 positive temperature anomaly of 1-2ºC early in the B-A, while a regional increase in mean 1507 annual precipitation of 250 mm and brief cold periods with temperature reductions of 1.5 1508 ºC caused the small glacier advances later in the B-A (Liu et al., 2009). and by 13 ka most glaciers had disappeared [START_REF] Laabs | Latest Pleistocene glacial chronology of the 3543 Uinta Mountains: Support for moisture-driven asynchrony of the last 3544 deglaciation[END_REF][START_REF] Young | Assessing climatic and non-climatic forcing of Pinedale glaciation and 4519 deglaciation in the western United States[END_REF] 1518 Shakun et al., 2015a;Leonard et al, 2017aLeonard et al, , 2017b)). (Liu et al., 2009;He et al., 2013) 1557 suggests a temperature 2.9°±0.8°C lower than today during the ACR, with a 10% increase 1558 in annual precipitation (Jomelli et al., 2016). Bracketing radiocarbon ages on laminated 

Peru and Bolivia

1565

There is evidence for glacier advance at many sites in Peru and Bolivia during the ACR 1566 (Jomelli et al., 2014). Mean surface exposure ages on moraines built during this advance 1567 are 14.4-12.7 ka; at some sites there is an apparent bimodal distribution of ages (Jomelli 1568(Jomelli et al., 2014)). A glacier advance at Nevado Huaguruncho in the Eastern Cordillera of the 1569 Peruvian Andes has been dated to 14.1±0.4 ka, based on both exposure ages on moraines 1570 and radiocarbon ages on lake sediments, and was followed by retreat by 13.7±0.4 ka 1571 (Stansell et al., 2015). Two sets of moraine ridges in valleys within the Cordillera 1572 Huayhuash date to the ACR [START_REF] Hall | Early Holocene (11.6-10.5 ka) moraines are also present[END_REF]. However, moraine ages from the 1573 Queshque valley in the nearby Cordillera Blanca are at the end of the ACR (Stansell et 1574(Stansell et al., 2017)). In Bolivia, the two moraines from Wara Wara and Tres Lagunas (Zech et al., 1575 2009, 2010) may have been constructed during the ACR, but could be older (Jomelli et 1576(Jomelli et al., 2014)). A moraine of Telata Glacier in Zongo Valley formed during either the ACR or 1577 YD (Jomelli et al., 2014). The ACR advance exceeded all subsequent Holocene advances, 1578 with an ELA estimated to be 450-550 m below its current level based on glaciological 1579 modeling (Jomelli et al., 2014(Jomelli et al., , 2016[START_REF] Jomelli | Revisiting the Andean tropical glacier behavior during the Antarctic Cold 3411 Reversal[END_REF]. Some glacial valleys contain at least two sets 1580 of moraines attributed to the ACR (Jomelli et al., 2014), suggesting multiple advances 

Southern Bolivia and Northern Chile 1602

There are no glacial landforms in the Arid Diagonal that have been dated with sufficient 1603 precision to permit an ACR age assignment [START_REF] Ward | Late Pleistocene 4465 glaciations of the arid subtropical Andes and new results from the Chajnantor 4466 Plateau, northern Chile[END_REF]. There are, however, small 1604 undated moraines in the upper headwaters at El Tatio that may date to this period, or 1605 perhaps to the Younger Dryas [START_REF] Ward | Across the Arid Diagonal: Deglaciation 4462 of the western Andean Cordillera in southwest Bolivia and northern Chile. 4463[END_REF]. Sites to the south and west, even those 1606 north of the Arid Diagonal, appear to have been fully deglaciated by this time. [START_REF] Kaplan | Southern Patagonian glacial chronology for the Last 3434 Glacial period and implications for Southern Ocean climate[END_REF][START_REF] Kaplan | In-situ cosmogenic 10 Be production rate at Lago Argentino, Patagonia: 3444 Implications for Late-Glacial climate chronology[END_REF][START_REF] Martin | Glacier dynamics during a 3727 phase of Late Quaternary warming in Patagonia reconstructed from sediment-3728 landform associations[END_REF] 1715 [START_REF] Shulmeister | 4241 The timing and nature of the last glacial cycle in New Zealand[END_REF].

1716

The causes of the abrupt YD anomaly continue to be a topic of debate. Changes in deep- Additionally or alternatively, Glacial Lake Agassiz may have drained via the Mackenzie 1724 River into the Arctic Ocean, also weakening the AMOC [START_REF] Keigwin | Deglacial floods in the Beaufort Sea preceded Younger Dryas cooling[END_REF]. The 1725 hypothesis that the cause was external to the planet has recently attracted renewed interest 1726 [START_REF] Wolbach | Extraordinary biomass-burning episode and impact 4506 winter triggered by the Younger Dryas cosmic impact∼12,800 years ago. 1. Ice 4507 cores and glaciers[END_REF]. In any case, the YD ended abruptly, with a 7 ºC warming of some 

Laurentide Ice Sheet 1730

The hemispheric extent of glaciation during the YD is summarized in Figure 6, and that 1731 of the early Holocene is shown in Figure 7. The response of the LIS to the abrupt cooling 1732 of the YD is complex and difficult to generalize, but most records appear to indicate that 1733 recession slowed and that some major moraine systems were built, likely as a result of 1734 marginal readvances [START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF]. For example, the largest end moraine belt along the 1735 northwestern margin of the ice sheet, encompassing the Bluenose Lake moraine system 1736 on the Arctic mainland and its correlative on Victoria Island, is now thought to have 1737 formed due to YD cooling [START_REF] Dyke | Major end moraines of Younger Dryas age on 3099 Wollaston Peninsula, Victoria Island, Canadian Arctic: Implications for 3100 paleoclimate and for formation of hummocky moraine[END_REF][START_REF] Dyke | Deglaciation of North America[END_REF]. Similarly, there Kaufmann, 1990;Miller et al., 1999). and Stokes, 2001) is thought to have been activated during the early part of the YD and 1751 may have generated a large (60,000 km 2 ) ice shelf that occupied Viscount Melville Sound 1752 (Hodgson, 1994;[START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF]Stokes et al., 2009). In contrast, the nearby Amundsen Gulf The above examples highlight the difficulty of attempting to relate ice stream activity to external climate forcing. Overall, it appears that the LIS receded throughout the YD, but 1758 that the pace of recession slowed and there were notable readvances at the scale of 1759 individual lobes or ice streams. It should also be noted that while several moraine systems 1760 have been robustly linked to YD advances or stillstands, many others might also be 1761 correlative but have not yet been precisely dated [START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF].

1762

Following the YD, the LIS retreated rapidly in response to both increased summer 1763 insolation and increasing levels of carbon dioxide (Carlson et al., 2007(Carlson et al., , 2008;;Marcott et 1764Marcott et al., 2013)). Retreat proceeded back towards the positions of the major ice dispersal centers 1765 in the Foxe-Baffin sector, Labrador and Keewatin [START_REF] Dyke | Late Wisconsinan and Holocene history of the 3097 Laurentide Ice Sheet[END_REF][START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF]1766 Stokes, 2017). The final retreat of the Labrador Dome has recently been constrained by Ullman et al. (2016) using 10 Be surface exposure dating of a series of end moraines that 1768 likely relate to North Atlantic cooling (Bond et al., 1997;Rasmussen et al., 2006).

1769

Following the last of these cold events at 8.2 ka (Alley et al., 1997;Barber et al., 1999), [START_REF] Cuzzone | Final 2986 deglaciation of the Scandinavian Ice Sheet and implications for the Holocene 2987 global sea-level budget[END_REF]. 

Alaska

The existing literature offers limited evidence for glacier readvances in Alaska during the 1774 YD. There may be many moraines that were deposited during or at the culmination of the 1775 YD, but they have not been dated. One way to assess the possibility of there being YD 1776 moraines in Alaska is to consider whether or not glaciers extended beyond their present 1777 limits during the YD. Of the 14 glaciers throughout Alaska discussed by Briner et al. [START_REF] Kokorowski | A re-3500 evaluation and spatial analysis of evidence for a Younger Dryas climatic 3531 America and Adjacent Oceans during the Last Deglaciation[END_REF] show no 1795 significant cooling during the YD. In addition to the climate forcing transmitted from the 1796 North Atlantic region, the Bering Land Bridge was flooded around the time of the YD 1797 [START_REF] England | New evidence from the western Canadian 3112 Arctic Archipelago for the resubmergence of Bering Strait[END_REF], although it may not have been completely covered by the sea 1798 until about 11 ka [START_REF] Jakobsson | Post-3372 glacial flooding of the Bering Land Bridge dated to 11 cal ka BP based on new 3373 geophysical and sediment records[END_REF]. This flooding event may have led to an increase in 1799 precipitation due to more northerly storm tracks [START_REF] Kaufman | Evidence 3447 for a variable and wet Younger Dryas in southern Alaska[END_REF], which may have under a climate that was similar to, or warmer than, that of the late Holocene (Kurek et al., 2009;[START_REF] Kaufman | 3452 Holocene climate changes in eastern Beringia (NW North America) -A 3453 systematic review of multi-proxy evidence[END_REF], in which case moraines may have been destroyed by significant episode of cooling there late during the B-A. In either case, the climate signal 1871 is small compared to that of the GLGM. The linked glacial/lacustrine modeling of 1903 deglaciation thereafter [START_REF] Orvis | Quaternary glaciers and climate on Cerro 3909 Chirripó, Costa Rica[END_REF]. The mountains of Costa Rica and likely 1904 Guatemala were ice-free before 9.7 ka [START_REF] Orvis | Quaternary glaciers and climate on Cerro 3909 Chirripó, Costa Rica[END_REF]. The evidence of possible YD glacier advances in the northern Andes is limited and mainly 1907 restricted to elevations above 3800 m asl (Angel et al., 2017). Glacier advances in some 1908 valleys in the Venezuelan Andes seem to be related to cooling during the YD. In the 1909 Sierra Nevada, climate was dry, but temperatures were 2.2-3.8°C colder than today 1910 between 12.9 ka and 11. 6 ka (Salgado-Labouriau et al., 1977;Carrillo et al., 2008;Rull 1911[START_REF] Rull | Palynological signal of the Younger Dryas in the tropical Venezuelan Andes. 4151[END_REF][START_REF] Stansell | Abrupt Younger Dryas cooling in the northern tropics recorded in lake 4279 sediments from the Venezuelan Andes[END_REF]. [START_REF] Mahaney | Evidence for a Younger Dryas glacial advance in the Andes 3666 of northwestern Venezuela[END_REF] Cocuy, Colombia, based on 10 Be dating (Jomelli et al., 2014), and on the Bogota Plain 1917 based on ages on lacustrine sediments behind the moraines [START_REF] Helmens | Late Pleistocene glacial sequence in the area of the high 3277 plain of Bogotá (Eastern Cordillera, Colombia)[END_REF]. There are 1918 also moraines that might date to the YD in the Ecuadorian Andes. For example, in the 1919 Chimborazo-Carihuairazo Massif, two moraine complexes have been radiocarbon-dated 1920 to 13.4-12.7 cal ka BP [START_REF] Clapperton | Late Quaternary moraines in the 2896 Chimborazo area, Ecuador[END_REF]. The weight of evidence suggests that glaciers were generally in retreat during the YD in 1923 Peru and Bolivia. In the Cordillera Oriental of northern Peru, lake sediment records show 1924 some evidence of readvance and reoccupation of higher cirques by glaciers, but no 1925 moraines have been dated (Rodbell, 1993). Similar evidence from Vilcabamba in 1926 southern Peru suggests glaciers advanced at the beginning of the YD, but then retreated 1927 [START_REF] Licciardi | Holocene glacier 3637 fluctuations in the Peruvian Andes indicate northern climate linkages[END_REF]. [START_REF] Mercer | Radiocarbon dating of the last glaciation in 3798 Peru[END_REF] present evidence that glaciers 1928 advanced near Quelccaya near the beginning and end of the YD. Similarly, Rodbell and 1929 Seltzer (2000) and [START_REF] Kelly | Late glacial fluctuations of Quelccaya Ice Cap, southeastern Peru[END_REF] provide radiocarbon-based evidence that sites in 1930 the Cordillera Blanca and the Quelccaya Ice Cap advanced either just prior to or at the 1931 start of the YD, followed by retreat. A cirque lake in Bolivia (16ºS, headwall 5650 m asl) 1932 formed before 12.7 ka, suggesting that ice had retreated by that time (Abbott et al., 1997).

1933

According to Bromley et al. (2011), the ice cap on the Coropuna volcano experienced a 1934 strong advance at ~13 ka. Similar glacier activity has been reported at Hualca Hualca advances coincide with the highest level of the Coipasa paleo-lake cycle, confirming the 1937 high sensitivity of the glaciers in this region to shifts in humidity (Blard et al., 2009; on dated peat at its margin (Mercer, 1984). Glaciers in Peru seem not to have advanced 1951 throughout the remainder of the early Holocene. In Bolivia, however, 10 Be ages suggest 1952 several advances during the early Holocene period (Jomelli et al., 2011(Jomelli et al., , 2014)). Diagonal, but the chronology is insufficent to exclude minor glacial fluctuations in the 1956 high headwaters at this time [START_REF] Ward | Across the Arid Diagonal: Deglaciation 4462 of the western Andean Cordillera in southwest Bolivia and northern Chile. 4463[END_REF]. advances coincided with a period of higher-than-present precipitation at paleo-lake 1968 Holocene glacier activity has been reported for the region, although two moraine boulders 1969 from Sierra de Aconquija yielded 10 Be ages of 8.5 ka and 7.9 ka [START_REF] D'arcy | Timing of past glaciation at 2991 the Sierra de Aconquija, northwestern Argentina, and throughout the Central 2992 Andes[END_REF]. In 1970 northwestern Argentina, the presence of relict rock glaciers in cirques suggests that YD 1971 or early Holocene cooling may have activated rock glaciers instead of causing glaciers to 1972 re-form (Martini et al., 2013(Martini et al., , 2017b)). (Moreno et al., 2009;[START_REF] Sagredo | Fluctuations of the Última Esperanza ice lobe (52º S), Chilean 4158 Patagonia, during the Last Glacial Maximum and Termination 1[END_REF][START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF]1978[START_REF] Strelin | Radiocarbon chronology of the late-glacial Puerto Bandera moraines, 4323 Southern Patagonian Icefield, Argentina[END_REF][START_REF] Glasser | Younger Dryas and early Holocene age glacier advances in Patagonia[END_REF]Mendelova et al., 2020). Some of these advances 1979 may relate to the end of terminal calving following the draining of paleo-lakes in the 1980 region [START_REF] Davies | Asynchronous 3030 glacier dynamics during the Antarctic Cold Reversal in central Patagonia[END_REF]Thorndycraft et al., 2019). Again, no evidence of glacier 1981 advances during the YD has been reported north of 47°S. Patagonia (Jara and Moreno, 2014;[START_REF] Pesce | Vegetation, fire and climate change in central-3969 east Isla Grande de Chiloé (43°S) since the Last Glacial Maximum, 3970 northwestern Patagonia[END_REF][START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF]Moreno et al., ), 1984 warm/wet conditions in central-western sectors (44°-48°S) [START_REF] Villa-Martínez | Deglacial and 4449 postglacial vegetation changes on the eastern slopes of the central Patagonian 4450 Andes (47º S)[END_REF]1985[START_REF] Henríquez | The Last Glacial Termination on the eastern flank of the central 3303 Patagonian Andes (47º S)[END_REF], and increased precipitation in southwestern sectors (48°-54°S) 1986 (Moreno et al., 2012[START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF]. A widespread warm/dry interval is evident between 11 ka 1987 and 8 ka (Moreno et al., 2010). Although, most studies suggest that Patagonian glaciers 1988 retreated through the early Holocene, approaching their present-day configurations 1989 [START_REF] Strelin | Radiocarbon chronology of the late-glacial Puerto Bandera moraines, 4323 Southern Patagonian Icefield, Argentina[END_REF][START_REF] Kaplan | Patagonian and southern South Atlantic view of 3439 Holocene climate[END_REF] Hemisphere YD or at the start of the Holocene in the Cordillera Darwin. Glaciers are 1995 assumed to be restricted to the inner fjords. In the adjacent Fuegian Andes, an excavation 1996 just upvalley of an ACR moraine yielded a calibrated radiocarbon age on peat of ~12.2 1997 ka, indicating that the glacier had receded by that time (Menounos et al., 2013), possibly 1998 during the YD. In the same cirque, the presence of the within ~100 m of Little Ice Age moraines suggests the glacier had receded to the Little 4 andFigs. 6 and7).

2004

The LIS continued to thin and retreat throughout the YD, although at a lower rate than between the hemispheres termed the "bipolar seesaw" (Broecker and Denton, 1990).

2066

Broadly speaking, glacial terminations initiate when the ice sheets of the Northern 2067 Hemisphere are at their maximum extent and with global sea level at its lowest (Birchfield 2068 and Broecker, 1990;[START_REF] Imbrie | On the structure and origin of major glaciation 3366 cycles[END_REF]Raymo, 1997;[START_REF] Paillard | The timing of Pleistocene glaciations from a simple multiple-3924 state climate model[END_REF]. Additionally, [START_REF] Voelker | Global distribution of centennial-scale records for Marine 4452 Isotope Stage (MIS) 3: A database[END_REF] and the composition 2075 of the atmosphere [START_REF] Severinghaus | Abrupt climate change at the end of the 4222 last glacial period inferred from trapped air in polar ice[END_REF]Stolper et al., 2016). in [START_REF] Barker | Interhemispheric Atlantic seesaw response during the last 2641 deglaciation[END_REF][START_REF] Skinner | Ventilation 4252 of the deep Southern Ocean and deglacial CO 2 rise[END_REF]. Even though these changes occur throughout deglaciation, 2081 the amount of CO 2 in the atmosphere tends to increase more or less continuously. A 2082 possible explanation for this apparent enigma is that the oceans in one hemisphere may 2083 cool while those in the other hemisphere warm and emit more CO 2 , redistributing heat 2084 across the planet [START_REF] Barker | Interhemispheric Atlantic seesaw response during the last 2641 deglaciation[END_REF].

2085

Building on previous work [START_REF] Cheng | Ice Age Terminations[END_REF], [START_REF] Denton | The Last Glacial Termination[END_REF] propose that a 2086 concatenation of processes, with multiple positive feedbacks, drive deglaciation. They 2087 argue that deglaciation is initiated by coincident "excessive" growth of Northern 2088 Hemisphere ice sheets and increasing boreal summer insolation due to orbital forcing.

2089

The large volume of ice on northern continents results in maximum isostatic depression 2090 and an increase in the extent of the ice sheets that are marine-based. Even a small increase 2091 in insolation could, under these conditions, enlarge ablation zones and initiate the collapse 2092 of Northern Hemisphere ice sheets. Marine-based ice sheets can also be more vulnerable 2093 to collapse due to positive feedbacks associated with sea-level rise at the grounding line.

2094

Outbursts of meltwater and icebergs from these ice sheets cool the North Atlantic Ocean 2095 and weaken the AMOC, leading to an expansion of winter sea ice and very cold winters 2096 on the adjacent continents [START_REF] Denton | The Last Glacial Termination[END_REF]. Under these conditions, the northern 2097 polar front expands, driving the ITCZ, the southern trade winds, and the southern 2098 westerlies to the south [START_REF] Denton | The Last Glacial Termination[END_REF]. The Asian monsoon weakens, while the 2099 cooling over the North Atlantic intensifies the South American monsoon (Novello et al., 2100 2017) and the southern westerlies. The result is an increase in upwelling in the southern 2101 oceans, accompanied by enhanced ocean ventilation and a rise in atmospheric CO 2 .

2102

During deglaciation, the Southern Hemisphere warms first, followed by warming over 2103 the rest of the planet (Broecker, 1998). Southward migration of the southern westerlies 2104 also contributes to a temperature rise in the southern oceans, which transfer heat to the 2105 south [START_REF] Denton | The Last Glacial Termination[END_REF]. The intensive cooling in the Northern Hemisphere ends due 2106 to a reduction in meltwater input, northward retreat of sea ice, and renewed warming of The hypothesis for climate evolution during Last Glacial Termination summarized above 2113 can be tested with our dataset on the behavior of glaciers in the Americas. It is clear that 2114 sea level depends on how water is distributed between the ocean and Northern

2115

Hemisphere ice sheets during glacials and also on the effects of land-based glacier ice 2116 cover on the isostatic balance of the northern continents (Lambeck et al., 2014). The 2117 hypothesis that deglaciation begins when northern ice sheets are extremely large is still 2118 supported (Abe-Ouchi et al., 2013;[START_REF] Deaney | Timing and nature of AMOC 3043 recovery across Termination 2 and magnitude of deglacial CO 2 change[END_REF]. According to [START_REF] Cheng | The Asian monsoon over the past 640,000 years and Ice Age Terminations[END_REF],

2119
for example, ice sheets reach their maximum size after five precession cycles, which may 2120 explain why glacial cycles finished after similar durations of about 115 ka (Paillard, 2121[START_REF] Paillard | The timing of Pleistocene glaciations from a simple multiple-3924 state climate model[END_REF]. In addition, it seems that the time needed for ice sheets to reach this extreme size 2122 increased throughout the Pleistocene [START_REF] Clark | The Middle Pleistocene transition: 2918 Characteristics, mechanisms, and implications for long-term changes in 2919 atmospheric pCO 2[END_REF], and successively more 2123 insolation energy was required to start deglaciation. This might explain why each glacial 2124 cycle is longer than its predecessor (Tzedakis et al., 2017). Deglaciation begins when the 2125 excessive size of the northern ice sheets coincides with: (i) increasing insolation in boreal 2126 summer in the Northern Hemisphere, mainly at 65º N, the average latitude of large 2127 northern ice sheets [START_REF] Kawamura | Northern Hemisphere forcing of climatic cycles in 3470 Antarctica over the past 360,000 years[END_REF][START_REF] Brook | Antarctic and global climate history viewed from 2814 ice cores[END_REF]; (ii) minimum CO 2 2128 in the atmosphere [START_REF] Shakun | Global warming preceded by 4226 increasing carbon dioxide concentrations during the last deglaciation[END_REF]; and (iii) maximum sea ice extent (Gildor et al., New data have also highlighted the importance of CO 2 storage in the dense deep waters 2148 of the Southern Hemisphere during glacials [START_REF] Fogwill | Antarctic ice sheet discharge driven by atmosphere-ocean 3130 feedbacks at the Last Glacial Termination[END_REF]Clementi and Sikes, 2149 2019). Ventilation of these waters during deglaciation emits a large amount of CO 2 into 2150 the atmosphere and significantly warms the planet (Stephens and Keeling, 2000; 2151 [START_REF] Ward | Numerical 4469 modeling of cosmogenic deglaciation records, Front Range and San Juan[END_REF][START_REF] Skinner | Ventilation 4252 of the deep Southern Ocean and deglacial CO 2 rise[END_REF][START_REF] Brook | Antarctic and global climate history viewed from 2814 ice cores[END_REF]Clementi and Sikes, 2152 2019), favoring deglaciation [START_REF] Lee | Southern Ocean wind 3592 response to North Atlantic cooling and the rise in atmospheric CO 2 : Modeling 3593 perspective and paleoceanographic implications[END_REF][START_REF] Shakun | Global warming preceded by 4226 increasing carbon dioxide concentrations during the last deglaciation[END_REF]. This increase in CO 2 2153 overrides the cooling effect from orbital variations in the Southern Hemisphere (He et al., 2154 2013).

2155

Recent high-resolution data from ice cores in Antarctica and Greenland have helped 2156 verify the opposite temperature trends in the two polar areas during deglaciation, at least 2157 on a large scale. Moreover, these data confirm that the rise in CO 2 was synchronous with 2158 the increase in Antarctic temperatures (Ahn et al., 2012;Beeman et al., 2019). Antarctic 2159 temperature seems to be more closely linked to changes in tropical ocean currents, 2160 whereas Greenland is less affected by this phenomenon [START_REF] Wolff | Glacial terminations as southern 4509 warmings without northern control[END_REF]Landais et 2161Landais et al., 2015)). However, the intimate relationship between AMOC intensity and atmospheric CO 2 concentrations has been clearly demonstrated [START_REF] Deaney | Timing and nature of AMOC 3043 recovery across Termination 2 and magnitude of deglacial CO 2 change[END_REF], and deglaciation 2163 largely represents a period of imbalance between these two parameters. Therefore, when 2164 the AMOC stabilizes, atmospheric CO 2 concentrations stabilize and the interglacial 2165 period begins [START_REF] Deaney | Timing and nature of AMOC 3043 recovery across Termination 2 and magnitude of deglacial CO 2 change[END_REF]. That said, some exceptions have been detected on a 2166 centennial scale [START_REF] Böhm | Strong and deep Atlantic meridional overturning circulation during the 2746 last glacial cycle[END_REF]. A sudden surge in the AMOC may cause a large 2167 release of CO 2 into the atmosphere, although only for a few centuries [START_REF] Chen | Synchronous centennial abrupt events in the ocean and atmosphere 2864 during the last deglaciation[END_REF].

2168

New studies propose that mean ocean temperature and the temperature of Antarctica are 2169 closely related, underlining the importance of the Southern Hemisphere ocean in 2170 orchestrating deglaciation [START_REF] Bereiter | Mean global ocean temperatures during the last glacial transition[END_REF], as it is the main contributor of CO 2 to 2171 the atmosphere (Beeman et al., 2019). Inverse temperature evolution and the latitudinal 2172 migration of atmospheric circulation systems (fronts, ITCZ, trade winds and westerlies) 2173 may have the greatest impact on the planet's glaciers and ice sheets, albeit in opposite 2174 directions.

2175

Improved knowledge of the changing extent of glaciers throughout the Americas is 2176 necessary to understand how glaciers are affected by the above-described evolution of 2177 the climate system during the Last Glacial Termination. However, little attention has been 2178 focussed on the differing behavior of glaciers between the hemispheres and how this 2179 might reflect global ocean and atmospheric teleconnections during the last deglaciation.

2180

Is there a glacial bipolar seesaw reflected in the behavior of mountain glaciers? In that 2181 sense, it is necessary to consider that mountain glaciers today contribute about one-third 2182 of the ice melt to the oceans (Gardner et al., 2013;[START_REF] Bamber | The land ice 2630 contribution to sea level during the satellite era[END_REF]. One of the few 2183 studies that compares the behavior of mountain glaciers in both hemispheres is that of 2184 Shakun et al. (2015a). These authors analyzed 1116 cosmogenic nuclide exposure ages 2185 (mostly 10 Be ages) from glacial landforms located between 50ºN and 55ºS on different 2186 continents, but mostly from the Americas. Inferred glacier behavior was evaluated using 

Glaciers in the Americas during GLGM in a global context

We note the similarity in the times of glacier advances in North and Central America 2195 during the GLGM. Most mountain glaciers reached their maximum extent before or 2196 during the GLGM, although in some areas (e.g. Teton Range and portions of the 2197 Yellowstone Ice Cap), the maximum may also have encompassed HS-1. However, there 2198 were many local differences within each region. Similarly, the LIS did not exhibit 2199 uniform evolution along all parts of its margin, although it did reach its maximum extent , 2013;[START_REF] Pétursson | Late Weichselian history of 3977 relative sea level changes in Iceland during a collapse and subsequent retreat of 3978 marine-based ice sheet[END_REF][START_REF] Hughes | The last Eurasian ice sheets -A chronological database and time-slice 3352 reconstruction[END_REF]. In all three cases, the 2209 maximum was reached during the GLGM and deglaciation began about 21-20 ka, 2210 although retreat did not begin in some areas until HS-1. Some sectors of the British-Irish

2211

Ice Sheet began their retreat very early in the GLGM, although for reasons related to the 2212 dynamics of the ice sheet rather than climate (Ó Cofaigh et al., 2019). In the case of the 2213 Icelandic Ice Sheet, sea-level rise caused it to collapse after 19 ka [START_REF] Pétursson | Late Weichselian history of 3977 relative sea level changes in Iceland during a collapse and subsequent retreat of 3978 marine-based ice sheet[END_REF]. [START_REF] Giraudi | The upper Pleistocene deglaciation on the Apennines 3177 (peninsular Italy)[END_REF], Trata Mountains (Makos, 2015;[START_REF] Makos | Last Glacial Maximum and Lateglacial in the Polish high Tatra Mountains 3676 -Revised deglaciation chronology based on the 10 Be exposure age dating[END_REF] and the 2220 Anatolia peninsula mountains [START_REF] Romundset | Lateglacial retreat chronology of the 4139 Scandinavian Ice Sheet in Finnmark, northern Norway, reconstructed from 4140 surface exposure dating of major end moraines[END_REF]. However, glaciers in some mid- , 2000;[START_REF] Mahaney | Quaternary glacial chronology of Mount Kenya massif[END_REF]), New Zealand (Schaefer et al., 2015;Darvill et al., 2016) 2239 and Kerguelen (Jomelli et al., 2018). Outside the Southern Hemisphere, an early 2240 maximum advance during the last glacial cycle has also been proposed in some mountains 2241 in Mexico [START_REF] Heine | Late Quaternary glacial chronology of the Mexican volcanoes[END_REF], in the central Pyrenees, the Cantabrian Mountains (Oliva et al., 2242 2019), and in the High Atlas [START_REF] Hughes | Timing of 3354 Pleistocene glaciations in the High Atlas, Morocco: New 10 Be and 36 Cl exposure 3355 ages[END_REF]. However, these cases are exceptional 2243 and are not located in any latitudinal zone; rather they are purely regional. Some authors 2244 have suggested the idea of an aborted termination around 65-45 ka in the Southern 2245 Hemisphere, after glaciers had achieved their maximum extents [START_REF] Kelly | A locally calibrated, 3477 late glacial 10 Be production rate from a low-latitude, high-altitude site in the 3478 Peruvian Andes[END_REF].

2246

Although the GLGM was not the last time that glaciers advanced in the Southern 2247 Hemisphere, it was a period of widespread glacier expansion under a mainly cold and wet 2248 climate. As in the Andes, many glaciers in the mountains of East Africa [START_REF] Shanahan | Chronology of quaternary glaciations in East 4235 Africa[END_REF]2249 Zreda, 2000;[START_REF] Mahaney | Quaternary glacial chronology of Mount Kenya massif[END_REF]New Zealand (Schaefer et al., 2015;[START_REF] Darvill | A glacial 3026 geomorphological map of the southernmost ice lobes of Patagonia: The Bahía 3027[END_REF], westerlies in response to strong cooling in the Northern Hemisphere [START_REF] Kanner | High-latitude forcing 3422 of the South American summer monsoon during the last glacial[END_REF]2253[START_REF] Kelly | A locally calibrated, 3477 late glacial 10 Be production rate from a low-latitude, high-altitude site in the 3478 Peruvian Andes[END_REF]Darvill et al., 2016). Paleoclimate records from central Chile, 2254 northwestern Patagonia, and the southeast Pacific, however, imply a northward shift in 2255 southwesterly winds during the GLGM [START_REF] Heusser | Ice age vegetation and climate of subtropical Chile. 3310 Palaeogeogr[END_REF]Villagrán, 1988aVillagrán, , 1988b;;Heusser 2256[START_REF] Heusser | Paleoecology of the southern 3313 Chilean Lake District -Isla Grande de Chiloé during middle-Late Llanquihue 3314 glaciation and deglaciation[END_REF]Lamy et al., 1999;Moreno et al., 1999[START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF].

2257

Deglaciation in the Patagonian Andes began at 17.8 ka, consistent with Antarctic ice core 2258 records [START_REF] Erb | Model evidence for a seasonal bias in Antarctic ice cores[END_REF] and New Zealand glacial chronologies [START_REF] Kelly | A locally calibrated, 3477 late glacial 10 Be production rate from a low-latitude, high-altitude site in the 3478 Peruvian Andes[END_REF] millennia after the inception of deglaciation in the Northern Hemisphere, although 2261 researchers have noted that ice recession and moderate warming took place during the to huge ice losses. The meltwater contribution to the North Atlantic, mainly from the LIS, It is much easier to compare glacier behavior between temperate southern latitudes, such 2326 as Patagonia and the Southern Alps of New Zealand and Kerguelen Archipelago. In these 2327 mountain ranges, deglaciation accelerated during HS-1 (Darvill et al., 2016). The glaciers [START_REF] Hughes | The last Eurasian ice sheets -A chronological database and time-slice 3352 reconstruction[END_REF][START_REF] Gump | Deglaciation of 3219 Boknafjorden, south-western Norway[END_REF][START_REF] Stroeven | Deglaciation of Fennoscandia[END_REF][START_REF] Romundset | Lateglacial retreat chronology of the 4139 Scandinavian Ice Sheet in Finnmark, northern Norway, reconstructed from 4140 surface exposure dating of major end moraines[END_REF]. Moraines 2359 were built at the margin of the British-Irish ice sheet about 14 ka in the Older Dryas, but 2360 that ice sheet had nearly disappeared along the B-A [START_REF] Ballantyne | Readvance of the last British-Irish 2627 ice sheet during Greenland Interstade 1 (GI-1): The Wester Ross readvance, NW 2628 Scotland[END_REF]Hughes 2361[START_REF] Hughes | The last Eurasian ice sheets -A chronological database and time-slice 3352 reconstruction[END_REF]Wilson et al., 2019). The ice sheet covering Iceland retreated and left 2362 important parts of the interior of the island free of ice during the B-A, with a climate 2363 similar to that of today [START_REF] Pétursson | Late Weichselian history of 3977 relative sea level changes in Iceland during a collapse and subsequent retreat of 3978 marine-based ice sheet[END_REF]. In summary, we conclude that European -Ochs, 2015). After an advance in the Tatra Mountains at about 15 ka, 2371 glaciers retreated rapidly (Makos, 2015;[START_REF] Makos | Last Glacial Maximum and Lateglacial in the Polish high Tatra Mountains 3676 -Revised deglaciation chronology based on the 10 Be exposure age dating[END_REF]. This retreat was interrupted 2372 by readvances of glaciers during the Older Dryas [START_REF] Marks | Late Pleistocene climate of Poland in the mid-European context[END_REF]. Glaciers also 2373 rapidly retreated in the eastern Mediterranean during the B-A [START_REF] Dede | First cosmogenic 3046 geochronology from the Lesser Caucasus: Late Pleistocene glaciation and rock 3047 glacier development in the Karçal Valley, NE Turkey[END_REF]Sarıkaya 2374 andÇiner, 2017;[START_REF] Sarıkaya | of Holocene and Little Ice Age glacier culminations of the Steingletscher, 4199 Central Alps, Switzerland, based on high sensitivity beryllium-10 moraine 4200 dating[END_REF]. The same pattern is evident in the Balkans (Styllas 2375[START_REF] Styllas | Late-glacial and Holocene history of the northeast Mediterranean 4342 mountains -New insights from in situ-produced 36 Cl-based cosmic ray exposure 4343 dating of paleo-glacier deposits on Mount Olympus, Greece[END_REF], the Apennines [START_REF] Giraudi | The upper Pleistocene deglaciation on the Apennines 3177 (peninsular Italy)[END_REF], and the Iberian Peninsula where 2376 glaciers disappeared from some mountain systems or retreated into the interior of cirques 2377 [START_REF] Oliva | Late Quaternary glacial phases in the Iberian 3907 Peninsula[END_REF]. Some moraines in these mountains may have been built in the Older temperature changes related to the strengthening of the AMOC (Jomelli et al., 2014).

2386

Although there is currently no evidence of these advances in northern Chile and the 2387 central Andes of Argentina, they are clear in Patagonia, where after a retreat of glaciers 2388 during HS-1, there was an advance during the ACR [START_REF] Strelin | Radiocarbon chronology of the late-glacial Puerto Bandera moraines, 4323 Southern Patagonian Icefield, Argentina[END_REF]García et al., 2389García et al., 2012)). Evidence has been found also of a glacier advance during the ACR in the Fuegian Hemispheres during HS-1 and the B-A/ACR. At the end of the B-A, it appears that many 2521 mountain glaciers and minor ice sheets had achieved sizes similar to those of the early 2522 Holocene. Subsequently, the YD ended deglaciation in the south and led to the re-advance 2523 of some glaciers in the north.

2524

Friele, P.A., Clague, J.J. 2002. Younger Quat. Sci. Rev. 201, 362-379. 10.1016/j.quascirev.2018.10.019 terrestrial Pleistocene sediments of southwestern British Columbia, Canada. J. 3345 Quat. Sci. Rev. 75, 78-99. 10.1016/j.quascirev.2013.04.009 reversal in Beringia. Quat. Sci. Rev. 27, 1710-1722. Lakeman, T.R., Clague, J.J., Menounos, B. 2008 (14.6-12.9 ka) in the Americas.

4673

Table 4. The main climate and glacial evolution features during the Younger Dryas (12.9-4674 11.7 ka) in the Americas. During GLGM From 24 to 21 ka in the whole region ~20 ka [START_REF] Kaufman | A ∼33,000 year record of environmental change from Arolik Lake, 3457 Ahklun Mountains[END_REF]Tulenko et al., 2018;[START_REF] Pendleton | Rapid and early deglaciation in the central Brooks Range[END_REF][START_REF] Shakun | 2060 changes in ocean circulation, the composition of the oceans and sea ice extent (Bereiter 2061 et al[END_REF][START_REF] Doughty | Evaluation of Lateglacial temperatures in the Southern Alps of New 3082 Zealand based on glacier modelling at Irishman Stream, Ben Ohau Range[END_REF][START_REF] Briner | Moraine pebbles and boulders yield indistinguishable 10 Be 2762 ages: A case study from Colorado, USA[END_REF] [START_REF] Schubert | Nuevos datos sobre la cronología del estadio 4207 tardio de la Glaciacion Mérida, Andes Venezolanos[END_REF]Thouret et al., 1996;[START_REF] Stansell | Last glacial maximum 4286 equilibrium-line altitude and paleo-temperature reconstructions for the 4287 Cordillera de Mérida, Venezuelan Andes[END_REF][START_REF] Brunschön | concluded that both temperature and precipitation in the 1134 southern Ecuadorian Andes were higher during the period 16.2[END_REF]Angel, 2016;Angel et al., 2016;Angel et al., 2017 

Peru and Bolivia

~5-8° C colder precipitation was slightly higher Variability, from 800 to 1200 m Pre-GLGM; GLGM and post GLGM, with average of 25 ka, from 32 to 17 ka From ~22 to ~17 ka Seltzer et al., 2002;[START_REF] Mark | Tropical snowline changes at the LGM: A global assessment[END_REF]Rodbell et et al., 2016;[START_REF] Mendelova | The Last Glacial 3775 Maximum and deglaciation in central Patagonia, 44°S-49[END_REF]Garcia et al., 2018;Hubbard et al., 2005;Denton et al., 1999 Tierra del Fuego 6-7 o C colder ~1000 m?

Pre GLGM? GLGM expansion by ~25 ka, but pre-GLGM moraines may be more extensive ~18 ka Hall et al., 2013~18 ka Hall et al., , 2017;;Menounos et al., 2013 Table 2. The main climate and glacial evolution features during the Heinrich 1 Stadial (17.5 to 14.6 ka) in the Americas. Stagnant ice remains w/in 13 km of LLGM max in some trunk valleys while riegels become ice-free, suggesting de-coupling of cirque from valley ice ~18-17 ka. 'Temple Lake' moraines form 15-14 ka Shakun et al., 2015a;[START_REF] Dahms | Revised Quaternary glacial succession and post-LGM 3005 recession, southern Wind River Range, Wyoming, USA[END_REF][START_REF] Dahms | Corrigendum to "Revised Quaternary glacial successioin and 3009 post-LGM recession, southern Wind River Range, Wyoming, USA[END_REF][START_REF] Marcott | the European Alps (Ivy-2314[END_REF].

REGION

Colorado

Colder and similar precipitation 900 m, with great local variability Some valleys reach their local maximum ice advance at ~17-16 ka, while others experienced extensive recession. Rapid retreat afterwards. [START_REF] Laabs | Latest Pleistocene glacial chronology of the 3543 Uinta Mountains: Support for moisture-driven asynchrony of the last 3544 deglaciation[END_REF][START_REF] Young | Assessing climatic and non-climatic forcing of Pinedale glaciation and 4519 deglaciation in the western United States[END_REF]Shakun et al., 2015a;Leonard et al., 2017a, b;Brugger et 

  ka and resulted in the 485 rapid retreat of the land-based southern and western margins of the LIS (Ullman et al., 486 2015b

  at latitudes similar to the northern LIS, but was covered largely by 492 mountain glaciers during the GLGM. Thus, it is of interest to understand its glacial 493 evolution as a first link between the large ice sheet and mountain glaciers. The best 494 available evidence from Alaska suggests that glaciers expanded during Marine Isotope 495 Stage (MIS) 2 (the Late Wisconsinan glaciation in local terminology), in step with the 496 GLGM. Although maximum ages constraining the advance phase are sparse, constraints 497 on LGM culmination date to ~21 ka in several regions spanning the state, including the 498 Ahklun Mountains

801

  coincident with the GLGM have been found in the Ansilta range and Las Leñas valley.802Lateral moraines in the Ansilta range have been dated to 28-19 ka based on four 10 Be 803 ages, and a prominent lateral moraine in Las Leñas valley was built between 22 ka and 804 20 ka(Terrizano et al., 2017). Other possible evidence of GLGM glacial activity comes 805 from the Cordon del Plata range, where one boulder on the Agostura I moraine was dated 806 to 19 ka (Moreiras et al., 2017). Two 10 Be ages (31 ka and 23 ka) on a moraine close to 807 Nahuel Huapi lake, near Bariloche in northern Patagonia, suggest a GLGM age (Zech et 808 al., 2017). An end moraine in the Rucachoroi valley yielded two 10 Be ages and Zech et 809 al. (2017) assigned an age to an end moraine in the Rucachoroi valley to 21 ka based on 810 two 10 Be ages. South of the Arid Diagonal, there is evidence of wetter conditions during 811

  the LLGM of the Patagonian Ice Sheet (PIS) is, unsurprisingly, variable, 814 given the broad latitudinal range of the Patagonian Andes (38°-55°S). In most cases, 815

825

  moraines are undated, consequently it remains unclear whether or not the pattern of more 826 extensive MIS 3 advances persists southward in central Patagonia. Farther south, 827 additional studies have been done in the area currently occupied by the cross-border lakes 828 of Lago General Carrera/Buenos Aires (46.5°S) and Lago Cochrane/Pueyrredón (47.5°S).

  . 3) appear to have fluctuated near-synchronously and likely responded 887 to the same climate drivers. In many sectors, glaciers achieved their LLGM extents 888 around 26-21 ka. In some cases, glacier fronts remained stable from that time until shortly 889 after 21 ka, when deglaciation began. This was the case for most of the LIS and for 890 glaciers in Alaska, the North Cascades, several valleys in the Rocky 891 Mountain/Yellowstone region, the Sierra Nevada, Central Mexico, and the Cordillera de 892 Talamanca in Costa Rica.

899

  even less uniform. Evidence shows a trend towards aridity during the GLGM in the North 900 Cascades close to the ice sheet and the northern Rocky Mountains, and increased 901 precipitation to the south in the Sierra Nevada, Basin and Range Province and southern 902 Rocky Mountains.903We note that the behavior of glaciers during the GLGM in North and Central America 904 was also asynchronous. Several glaciers advanced to their maximum positions several 905 thousand years after the GLGM, at about the time of the HS-1 period. This is the case for 906 some sectors of the LIS and CIS, some ranges in southern Alaska, some areas close to 907 Yellowstone, the Colorado Rocky Mountains, mountains of central Mexico near the 908 oceans, and some valleys of the Cordillera de Talamanca in Costa Rica. Differences in 909 glacier activity within the same region could be due to local differences in precipitation 910 stemming from orographic effects, for example in some areas of the Yellowstone region, 911 or between oceanic and interior mountains in Mexico. Whether or not the relationship 912 between precipitation and the glacial local maximum is generally applicable for the entire 913 continent is a subject for future research. 914 The relative consistency in glacier behavior across North and Central America is not 915 observed in South America. The lack of synchronicity in glacier growth in the Andes 916 might possibly be due to the relative scarcity of data in the region or, alternatively, to its 917 large latitudinal range and complex geography, which lead to large differences in 918 precipitation. The most arid regions of the southern tropical Andes (southern Bolivia, 919 northern Chile and Argentina) show the largest temporal variability in the time of the 920 LLGM, probably due to strong precipitation control. In any case, the maximum local 921 expansion of the glaciers in most areas in the Andes does not coincide with the GLGM. 922 One of the few exceptions is in Tierra del Fuego, where glaciers may have reached their 923 maximum extents between ~25 ka and ~18 ka. Even there, however, future work may 924

937

  coincided with a clear drop in temperature of ~3-8°C based on ELA depressions. Those 938 values are consistent with temperature reductions inferred from ELA depressions in North 939 America. Some local indicators, for example the Sajsi paleo-lake on the Altiplano show 940 that the GLGM was characterized by slightly higher precipitation than today (Placzek et 941 al., 2006).

  glaciers and ice sheets during HS-1 is summarized in Figure 4. Although 977 explanations of Heinrich events have tended to focus on the Hudson Strait ice stream, it 978 is clear that there are sedimentological differences both within and between individual 979

1007

  sheet may have begun to thin around 19.9±0.5 ka. Thinning continued throughout HS-1 1008 and accelerated between 15.5±0.4 ka and 14.3±0.4 ka (see also Section 5.2). Rapid ice 1009 sheet thinning has also been inferred in coastal Maine during the latter part of HS-1 (Hall 1010 et al, 2017b; Koester et al., 2017).

  chronologies needed to fully explain glacier change in Alaska 1013

  1070 stillstand or possible re-advance around 17-15 ka in the Colorado Front Range, 1071 interrupting overall post-GLGM recession.

  1072

  1085

1199

  Gayo et al., 2012), in the northern Arid Diagonal and adjacent Andes during the Tauca 1200 highstand. South of the Arid Diagonal, at Valle de Encierro and Cordón de la Rosa, ages 1201 of 17 ka from highly recessed locations indicate a stillstand or minor advance during HS-

  1202
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 5 11. Central Andes of Argentina 1204 Initial deglaciation in the Central Andes after the LLGM was followed by renewed glacier 1205 expansion during HS-1. Moraines that mark the HS-1 limit are found up-valley of those 1206 constructed during the GLGM. North of the Arid Diagonal, glacier expansion during HS-1207

  1212 renewed glacier growth appears to have occurred after the HS-1 stadial (D'Arcy et al., 1213 2019). South of the Arid Diagonal, there is almost no evidence of glacial limits dating to 1214 HS-1. Just one sample from the La Angostura I moraine in the Cordon del Plata has been 1215 dated to ~15 ka (Moreiras et al., 2017). Moraines up-valley of the GLGM limit in the Las 1216 Leñas valley and Ansilta Range have not yet been dated (Terrizzano et al., 2017; Zech et 1217 al., 2017).

1219

  At the time of the HS-1 stadial, the Patagonian region was experiencing widespread 1220 warming and deglaciation

1233

  Farther south, in central Patagonia, lake cores from two small basin (Villa-Martínez et 1234 al., 2012; Henríquez et al., 2017) show that the Lago Cochrane/Pueyrredón ice lobe 1235 (47.5°S) retreated over 90 km into the Chacabuco Valley between ~21 ka (Río Blanco 1236 moraines; Hein et al., 2010a) and 19.4 ka. Ice receded an additional ~60 km to reach a 1237 position close to modern glacier limits by around 16-15 ka (Turner et al., 2005; Hein et 1238 al.

1252

  Patagonia was a direct result of the HS-1 event. They hypothesize that warming at the 1253 start of HS-1 occurred due to rapid poleward migration of southern westerly winds, which 1254 increased solar radiation and ablation at the ice sheet surface. They linked warming and 1255 accelerated deglaciation to the oceanic bipolar seesaw, which delayed Southern 1256 Hemisphere warming following the slowdown of the Atlantic meridional overturning at 1257 the start of HS-1[START_REF] Bendle | Phased 2676 Patagonian Ice Sheet response to Southern Hemisphere atmospheric and oceanic 2677 warming between 18 and 17[END_REF]. 1258 Determining whether "early LGM" and "early deglaciation" are correct interpretations of 1259 glacier activity in central Patagonia (44°-49°S) (Van Daele et al., 2016; García et al., 1260 2019) is important for determining whether local (glaciological, reworking of old organic 1261 matter) or regional (climatic) mechanisms are responsible for apparent differences in 1262 timing, rate, and magnitude of glacier fluctuations prior to and during the GLGM and 1263 Termination I (Vilanova et al., 2019). Another problem emerges from studies of lake 1264 sediments from the eastern slopes of the Andes in central Patagonia. Based on an analysis 1265 of seismic data and lake sediment cores from Lago Castor (Fig. 1), Van Daele et al. (2016) 1266 concluded that the Coyhaique glacier lobe achieved its maximum extent and retreated 1267 before the GLGM. The concepts of 'early LGM' and 'early deglaciation' rely heavily on 1268 the interpretation and selective rejection of anomalously old radiocarbon ages, which 1269 include results as old as 43,100±3600 14 C yr BP in the clastic-dominated and intensely 1270 reworked portion of the Lago Castor cores beneath the H0 tephra, which has been 1271 radiocarbon dated to 17,300 cal yr BP (Weller et al., 2014). This enigmatic radiocarbon 1272 chronology has not been corroborated by more recent studies in the Río Pollux valley, 1273 where Moreno et al. (2019) and Vilanova et al. (2019) have reported stratigraphic, 1274 geochronologic, and palynological results from small, closed-basin lakes to constrain the 1275 timing and extent of the Coyhaique glacier lobe during Termination I. These studies point 1276 to the abandonment of the final LLGM margins at ~17.9 ka, ~600 years before the 1277 reported age of the H0 tephra. The similarities between northern and southern Patagonia 1278 (see below), and contrasts with the Río Cisnes and Lago Cochrane/Pueyrredón glacier 1279 lobes, suggest that the different behavior of the latter might arise from differences in their 1280 topographic setting, ice divide migration (Mendelova et al., 2019), or differential calving 1281 in large proglacial lakes in the Central Patagonian Andes during the final stage of the 1282 LLGM.

  1283

  1286 of ~1.5°C, or about one-third of the total deglacial warming relative to today (Murray et 1319 southern sector of the CIS and a number of glaciers in Colorado and those proximal to 1320 the Yellowstone Ice Cap area reached their maximum extents during HS-1. In a few 1321 valleys in the North Cascades south of the CIS limit, possible HS-1 moraines lie upvalley 1322 of GLGM moraines, although data are sparse. A clear advance immediately following 1323 HS-1 has been documented in the Sierra Nevada and the Wind River Range. In the Sierra, 1324 HS-1 moraines, locally termed Tioga 4, lie well inside GLGM moraines. These moraines 1325 record an ELA depression of 900 m, which is 300 m less than during the GLGM. In the 1326 Wind River Range, the Older Dryas/HS-1 moraines lie 19-27 km upvalley of 1327 LLGM/GLGM moraines. In the interior mountains of Central Mexico and Costa Rica, 1328 moraines dating to near HS-1 lie inside GLGM moraines. However, glaciers in mountains 1329 close to the oceans remained at, or advanced past, their GLGM limits until the end of HS-1330 1. 1331 In the Sierra Nevada, temperatures were 3ºC lower than today during HS-1, but clearly 1332 precipitation was increased. In other regions, data appear to confirm the decrease in 1333 temperature in the Sierra Nevada, but there is little information on precipitation. 1334 Glaciers in the tropical Andes built significant moraine complexes during HS-1, attesting 1335 to a significant stillstand or readvance. In the northern Andes, numerous moraines have 1336 been dated to this period, reflecting an interruption of the longer-term of trend glacier 1337 retreat. HS-1 advances are widespread and significant in central and southern Peru and in 1338 Bolivia. Although the first part of the HS-1 stadial in these areas was dry, the second part 1339 was wet, with, on average, a two-fold increase in precipitation above modern values. The 1340 precipitation increase may have been five-fold around the Altiplano paleo-lakes (Tauca 1341 highstand from 16.5 ka to 14.5 ka). This precipitation control on glacier mass balance is 1342 a strong driver of the spatial variability of ELA reductions during HS-1. Several of the 1343 HS-1 moraines in the region appear to have been constructed by glaciers that were very 1344 close to LLGM moraines. HS-1 moraines are also present in the Arid Diagonal, although 1345 aridity increased towards the south, resulting in a more limited glacier extent in that area. 1346 In some cases, glaciers in the Arid Diagonal disappeared during HS-1. Glaciers advanced 1347 during HS-1 in the Central Andes of Argentina after a long period of retreat, and at the 1348 same time as the Tauca highstand. 1349 In contrast, glaciers in the temperate and subpolar Andes abandoned their LGM positions 1350 and underwent sustained or step-wise recession during HS-1. In northwestern Patagonia, 1351 climate warmed rapidly and experienced a significant decline in precipitation, driven by 1384 preceded changes in the atmosphere, and the oceans had a decisive influence on Northern 1385Hemisphere warming(Thiagarajan et al., 2014). The changes in the oceans were possibly 1386 caused by a period of intense melt in Antarctica just before the B-A(Weaver et al., 2003; 
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 6 2 Laurentide Ice Sheet 1404 The hemispheric extent of glaciation during the B-A is summarized in Figure 5. The 1405 Bølling-Allerød interstadial is characterized by enhanced ablation in marginal areas of 1406 the LIS (Ullman et al., 2015b) and a marked acceleration in the rate of retreat, most 1407 notably along the southern and western margins, but with minimal retreat along its 1408 northern margin

  1412however, that positive feedback mechanisms related to ice surface lowering and surface 1413 mass balance are likely to have resulted in the rapid 'collapse' of the saddle between the 1414 LIS and the CIS, which some have hypothesized was the source of Meltwater Pulse 1A 1415(Gregoire et al., 2012).The rapid retreat of the southern and western margins of the LIS was also likely aided by 1417 the development of proglacial lakes that facilitated calving and the draw-down of ice, 1418 particularly at the southern margin(Andrews, 1973;[START_REF] Dyke | Late Wisconsinan and Holocene history of the 3097 Laurentide Ice Sheet[END_REF] Cutler et al., 1419[START_REF] Cutler | Influence of the Great Lakes on the dynamics of the southern Laurentide 2982 Ice sheet: Numerical experiments[END_REF]. Moreover, the rapid retreat of the LIS during this time period led to major changes 1420 in the trajectory of ice streams at the western and southern margins, with associated 1421 changes in the location of the major ice divide in Keewatin, which migrated several 1422 hundred kilometers east towards Hudson Bay (Dyke and Prest, 1987; Margold et al., 1423 2018). 1424 There is also clear evidence for an overall acceleration in the rate of retreat and thinning 1425 of the ice sheet in the southeastern sector. This has been characterized as a two-phase 1426 pattern of deglaciation (Barth et al., 2019), with steady retreat starting ~20 ka and then 1427 increasing around 14.5 ka, coincident with the B-A warming. A clear example of this is 1428 seen in an extensive suite of 21 36 Cl ages from boulder and bedrock samples along vertical 1429 transects spanning ~1000 m of relief in the Adirondack Mountains of the northeastern 1430 USA (Barth et al., 2019). These data suggest gradual ice sheet thinning of 200 m initiated 1431 around 20 ka, followed by a rapid surface lowering of 1000 m, coincident with the onset 1432 of the B-A warming (Barth et al., 2019). Similarly high rates of thinning are also recorded 1433 on Mt. Mansfield, Vermont's highest peak, although they appear to have initiated around 1434 13.9±0.6 ka, which slightly post-dates the abrupt onset of the B-A (Corbett et al., 2019).

  1442 example, recession of the ice margin in northern New Hampshire was interrupted by the 1443 Littleton-Bethlehem readvance and deposition of the extensive White Mountain moraine 1444 system (Thompson et al., 2017). Based on a suite of approaches (glacial stratigraphy and 1445 sedimentology, radiocarbon dating, varve chronology, and cosmogenic-nuclide exposure 1446 dating), Thompson et al. (2017) constrained the age of this readvance to ~14.0-13.8 ka, 1447 coincident with Older Dryas cooling.

  Alaska 1449Glaciers in the Brooks Range were smaller than today by 15 ka in some valleys and ~14 1450 ka in others(Badding et al., 2013;[START_REF] Pendleton | Rapid and early deglaciation in the central Brooks Range[END_REF], suggesting widespread glacier 1451 retreat around the time of the B-A onset. In southeast Alaska, there was widespread 1452 glacier collapse throughout fjords and sounds during this period(Baichtal, 2010; Carlson 1453 and Baichtal, 2015; J. Baichtal, unpublished data). Whether this recession was related to 1454
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 6 4 Cordilleran Ice Sheet and North Cascades 1459The B-A interstadial began with the rapid disintegration of the CIS and deglaciation in 1460 the North Cascades from 14.5 ka to 13.5 ka[START_REF] Clague | Deglaciation of the Cordillera of Western Canada at the end 2884 of the Pleistocene[END_REF][START_REF] Menounos | Cordilleran Ice Sheet mass loss 3787 preceded climate reversals near the Pleistocene Transition[END_REF] Riedel, 1461[START_REF] Riedel | Deglaciation of the North Cascade Range, Washington and 4111 British Columbia, from the Last Glacial Maximum to the Holocene[END_REF]. Recent glacio-isostatic adjustment models supported by data calibration from 1462 records of sea level, paleo-lake shorelines, and present-day geodetic measurements 1463 confirm more than 500 m of thinning of the CIS between 14.5 ka and 14.0 ka(Peltier et 1464[START_REF] Peltier | Space geodesy constrains ice 3963 age terminal deglaciation; the global ICE-6G C (VM5a) model[END_REF] Lambeck et al., 2017). The pattern of CIS deglaciation was complex due to the 1465 influences of mountain topography, marine waters and regional climate variability. Early 1466 deglaciation was marked by rapid eastward frontal retreat across the British Columbia 1467 continental shelf and northward retreat up Puget Sound. Rapid down-wasting exposed 1468 high-elevation hydrologic divides and led to the isolation of large ice masses in mountain 1469 valleys (Riedel, 2017). Lakeman et al. (2008) presented evidence that the CIS in north-1470 central British Columbia thinned and in some areas transformed into a labyrinth of dead 1471 or dying ice tongues in valleys. The presence of ice-marginal landforms in most North 1472 Cascade valleys is likely related to temporary stillstands of the wasting remnants of the 1473

  1477 lakes generally drained to the south, and several major valleys carried Late Glacial 1478 outburst floods that crossed low hydrologic divides, connecting rivers and fish migration 1479 pathways that later became isolated. The Sumas advances of the CIS diverted Chilliwack

  1480

  1481 genetics and geomorphic evidence, including perched deltas and boulder gravel deposits, indicate that the lower Fraser River may have been diverted through Skagit valley at this 1483 time. 1484 CIS deglaciation during the B-A was interrupted by minor advances of the CIS, and some 1485 alpine glaciers also advanced. The Sumas I advance of the CIS across Fraser Lowland 1486 occurred between 13.6 ka and 13.3 ka (Clague et al., 1997; Kovanen and Easterbrook, 1487 2002). Top-down deglaciation of the ice sheet from mountain divides led to exposure of 1488 valley heads and cirques before adjacent valley floors. This set the stage for the formation 1489 of new cirque and valley moraines from Yukon Territory to the North Cascades during 1490 the B-A (Clague, 2017; Riedel, 2017). Menounos et al. (2017) report 76 10 Be surface 1491 exposure ages on bedrock and boulders associated with lateral and end moraines at 26 1492 locations in high mountains of British Columbia and Yukon Territory. At some of these 1493 sites, they also obtained radiocarbon ages from lakes impounded by moraines or till. 1494 Three older moraines have a combined median age of 13.9 ka, which the authors assigned 1495 to the B-A. A moraine near Rocky Creek at Mount Baker was built before 13.4-13.3 ka 1496 based on the age of volcanic ash and charcoal on the moraine surface. The Hyak I and 1497 Rat Creek I moraines have 36 Cl surface exposure ages of 14.6-12.8 ka, but uncertainty in 1498 the 36 Cl surface exposure ages precludes a definitive correlation with this event (Weaver 1499 et al., 2003). 1500 There is sparse geological and paleoecological data on climate during the B-A interval 1501 from North Cascades and CIS region. In the North Cascades, the tentatively dated Rat 1502 Creek and Hyak alpine glacial moraines had ELAs ~500-700 m below those of modern 1503 glaciers or about 200 m above the GLGM advances (Porter et al., 1983). The lower ELAs 1504 were caused, in part, by mean July temperatures about 4-6°C below modern values 1505
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 65 Rocky Mountain/Yellowstone region 1510 Although glaciers in some southwestern valleys continued to advance after 16 ka due to 1511 their exposure to greater orographic precipitation, the Yellowstone ice cap experienced 1512 intense deglaciation from 15 ka to 14 ka in response to a warming climate (Licciardi and 1513 Pierce, 2018; Pierce et al., 2018). Glaciers in the Wind River Range retreated behind their 1514HS-1 moraines at this time, possibly as far as cirque headwalls[START_REF] Dahms | Revised Quaternary glacial succession and post-LGM 3005 recession, southern Wind River Range, Wyoming, USA[END_REF] 1515[START_REF] Marcott | the European Alps (Ivy-2314[END_REF] before they began to readvance during the YD (see below).1516Deglaciation occurred in all ranges in the Colorado Rocky Mountains after about16 ka, 1517 

  Sierra Nevada retreated to cirque headwalls by about 15.5 ka, well before 1521 the start of the B-A[START_REF] Phillips | Cosmogenic nuclide data sets from the Sierra Nevada, 3980 California, for assessment of nuclide production models: I. Late Pleistocene 3981 glacial chronology[END_REF][START_REF] Phillips | Glacial chronology of the Sierra Nevada, California, from the 3984 Last Glacial Maximum to the Holocene[END_REF]. This relatively early disappearance is 1522 attributable to the southerly latitude and summer-warm, high-insolation Mediterranean 1523 climate of the Sierra Nevada. Following the B-A transition, glaciers reappeared for a very 1524 short interval prior to the Holocene. This event, named the 'Recess Peak advance', 1525 resulted from an approximate 150 m decrease in the ELA, in comparison to a 1200 m 1526 decrease during the GLGM maximum advance[START_REF] Clark | Timing and significance of late-glacial 2911 and Holocene cirque glaciation in the Sierra Nevada, California[END_REF].1527Unfortunately, the chronological control for the time of this advance is imprecise. Three 1528 radiocarbon ages from bulk organic matter in lake cores from two different lake basins 1529 that overlie Recess Peak till fall between 14 ka and 13 ka, suggesting correlation with 1530 both the Inter-Allerød Cold Period and the ACR[START_REF] Bowerman | Holocene glaciation of the central Sierra 2755 Nevada, California[END_REF]. However, 1531 cosmogenic ages (both 10 Be and 36 Cl), although somewhat scattered and imprecise, tend 1532 to cluster in the 12.7-11.3 ka range, which would be correlative with the Younger Dryas.1533More recently,[START_REF] Marcott | the European Alps (Ivy-2314[END_REF] averaged six new 10 Be ages to obtain a date of 1534 12.4±0.8 ka for the Recess Peak advance, which is consistent with the previous 1535 cosmogenic ages but does not definitively establish whether it was a YD or ACR event.1536 Most indirect regional indicators of cooling also fall within the Younger Dryas age range.1537[START_REF] Phillips | Cosmogenic nuclide data sets from the Sierra Nevada, 3980 California, for assessment of nuclide production models: I. Late Pleistocene 3981 glacial chronology[END_REF] performed an in-depth study of this issue, but was unable to arrive at any 1538 definitive conclusion. In summary, there is no unequivocal evidence for any glacier 1539 presence in the Sierra Nevada during the B-A. It is possible that there was a brief minor 1540 advance toward the end of the B-A, but the dating of this event has yet to establish this 1541 with any certainty.
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 67 Mexico and Central America 1543 Data from central Mexico, and to some extent Costa Rica, indicate that glaciers receded 1544 during the B-A, consistent with warming in the American tropics (Vázquez-Selem and 1545 Lachniet, 2017). In central Mexico, slow initial deglaciation from 15 ka to 14 ka was 1546 accompanied by the formation of small recessional moraines close to those of the 1547 maximum advance (Vázquez-Selem and Lachniet, 2017). Subsequently, glacier recession accelerated, as evidenced by exposure ages on glacially abraded surfaces from 14 to 13 1549 ka. The ELA increased by at least 200 m during that period (Vázquez-Selem and 1550 Lachniet, 2017). According to Cunningham et al. (2019), Cerro Chirripó , in Costa Rica, 1551 was ice-free by 15.2 ka, before the onset of the B-A. However, also in Cerro Chirripó, 1552 Potter et al. (2019) proposed periods of glacier retreat and stillstand from 15 ka to 10 ka.

  Ritacuba Negro Glacier in the Sierra Nevada de Cocuy, Colombia, has 1555 been linked to the ACR and an ELA decrease of about 500 m(Jomelli et al., 2014). A 1556 model simulation of the last deglaciation in Colombia

  1559proglacial lake sediments indicate that glaciers retreated in the central Mérida Andes of 1560 Venezuela under warmer and wetter conditions at the start of the Bølling (14.6 ka)(Rull 1561[START_REF] Rull | Palynological signal of the Younger Dryas in the tropical Venezuelan Andes. 4151[END_REF]. Glaciers then briefly advanced under colder conditions from 14.1 ka to 13.9 1562 ka), followed by warm and dry conditions during the Allerød (13.9-12.9 ka)(Stansell et 1563(Stansell et al., 2010)).

  1564

1581

  related to possible centennial-scale climate fluctuations during this period. However, such 1582 patterns must be better documented in other mountain ranges to establish a robust climate 1583 interpretation(Figs. 21 and 22).1584Paleoclimate records suggest that the central tropical Andes were cold during the ACR 1585(Jomelli et al., 2014), although some contradictory evidence exists. Moreover, fluvial 1586 sediment records suggest that northern Peru was wet at the start of the ACR but 1587 subsequently became drier(Mollier-Vogel et al., 2013); and speleothem records from 1588 Brazil suggest that the ACR was a period of drier monsoon conditions(Novello et al., 1589 2017). Farther south on the Altiplano, lake sediment records also indicate that the ACR 1590 was likely a drier interval[START_REF] Sylvestre | The last 4441 glacial termination in the Coyhaique sector of central Patagonia[END_REF] Baker et al., 2001b), as does the 1591 shoreline stratigraphy, indicating that Lake Tauca had vanished (Placzek et al., 2006; 1592 Blard et al., 2011). 1593 Climate forcings responsible for such glacier trends during the ACR were analyzed using 1594 transient simulations with a coupled global climate model(Jomelli et al., 2014). Results 1595 suggest that glacial behavior in the tropical Andes was mostly driven by temperature 1596 changes related to the AMOC variability superimposed on a deglacial CO 2 rise. During 1597 the ACR, temperature fluctuations in the tropical Andes are significantly correlated with 1598 other Southern Hemisphere regions (Jomelli et al., 2014), in particular with the southern 1599 high-latitudes and the eastern equatorial Pacific. Cold SSTs in the eastern equatorial 1600 Pacific were associated with glacier advance.

  1601
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 6 11 Central Andes of Argentina 1608 As of yet, there are no firmly documented glacier advances in the Argentine Andes after 1609 HS-1. In the Sierra de Aconquija, however, D'Arcy et al. (2019) obtained two ages on a 1610 moraine (M3a) that fall within the B-A/ACR. At Tres Lagunas, there are no moraines 1611 younger than HS-1 (Zech et al., 2009). Possible B-A/AC moraines at other locations the ITCZ migrated southward, precipitation changes in the tropics during the YD were 1710 complex (Partin et al., 2015). Like HS-1, the YD was accompanied by warming in 1711 Antarctica and an increase in atmospheric CO 2 (Broecker et al., 2010; Beeman et al., 1712 2019). The southern continents appear to have cooled slightly (Renssen et al., 2018), 1713 although glaciers in New Zealand and Patagonia clearly retreated, an apparent 1714 contradiction that has not been resolved

1717

  water circulation in the Nordic seas, weakening of the AMOC (Muschitiello et al., 2019), 1718 moderate negative radiative forcing and altered atmospheric circulation (Renseen et al., 1719 2015; Naughton et al., 2019) likely played a role. Draining of Glacial Lake Agassiz after 1720 intense melting of the Laurentide Ice Sheet during the B-A would have weakened the 1721 AMOC and is supported by geomorphic evidence of this lake draining into the Gulf of 1722St. Lawrence and the North Atlantic at the end of the B-A[START_REF] Leydet | Opening of 3612 glacial Lake Agassiz's eastern outlets by the start of the Younger Dryas cold 3613 period[END_REF].

  1723

1727

  regions in the Northern Hemisphere in only 50 years(Dansgaard et al., 1989; Steffensen 1728 Steffensen et al., 2008)).

  1729

1738

  are examples of readvances on Baffin Island, most notably in Cumberland Sound 1739(Jennings et al. 1996; Andrews et al. 1998). The large Gold Cove readvance of Labrador 1740 ice across the mouth of Hudson Strait has also been assigned to the late stage of the YD, possibly in response to the rapid retreat of ice along the Hudson Strait (Miller and 1742

  1753 ice stream appears to have retreated rapidly during the early part of the YD, perhaps 1754 triggered by glacier retreat from a bathymetric pinning point into a wider and deeper 1755 channel (Lakeman et al., 2018).

  1756

  1772

1778(

  2017), nine had retreated up-valley of their late Holocene positions prior to the YD. 1779 Thus, in some cases, it appears that glaciers did indeed extend down-valley of modern 1780 limits during the YD. This was the case in Denali National Park and several sites in 1781 southern Alaska. A notable site that provides the best evidence to date of YD glaciation 1782 in the state is at Waskey Mountain in the Ahklun Mountains. The chronology of the 1783 moraines at this locality has been updated since the work of Briner et al. (2002). Young 1784 et al. (2019) report evidence for an early YD glacier culmination, followed by minor 1785 retreat through the remainder of the interval. 1786 In terms of climate, Kokorowski et al. (2008) conclude that evidence for YD cooling is 1787 mainly restricted to southern Alaska. Kaufman et al. (2010) argue that the coldest 1788 temperatures in southern Alaska were at the beginning of the YD and that warming 1789 occurred subsequently. This climatic pattern is consistent with the revised glacier 1790 chronology of the Waskey Mountain moraines. Denton et al. (2005) hypothesized that 1791 YD cooling was mostly a wintertime phenomenon and hence may have had limited effect 1792 on glacier mass balance. This hypothesis is supported in Arctic Alaska with the 1793 documentation of extreme winter temperature depression during the YD (Meyer et al., 1794 2010). Most of the pollen records summarized by

1800

  influenced glacier mass balance. Additionally, the decreasing influence of LIS-induced 1801 atmospheric reorganization may have affected summer temperature in Beringia during 1802 the Late Pleistocene-Holocene transition. Of course, there may have been more glacier 1803 fluctuations during the YD than is currently envisioned, because they may have occurred 1804

  Bolivia and Northern Chile 1954 As in the case of the ACR, there are no confirmed YD glacial landforms in the Arid 1955
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 7 11 Central Andes of Argentina 1958 Published evidence of YD glacier activity exists at only two sites in the central Andes of 1959 Argentina. In the Nevado de Chañi, glaciers retreated after HS-1, followed by an advance 1960 during the YD (Martini et al., 2017a). Four 10 Be ages from lateral and frontal moraines 1961 in the Chañi Chico valley average 12.1±0.6 ka (Fig. 19) (Martini et al., 2017a). The ELA 1962 during the YD advance was at ~5023 m asl, which is 315 m above the GLGM ELA 1963 (Martini et al., 2017a). Moraines assigned to the YD have been found in two valleys in 1964 the Sierra de Aconquija (D'Arcy et al., 2019). According to D'Arcy et al. (2019), one 1965 moraine (M3a) was deposited at 12.5 ka and a second (M3b) at 12.3 ka. YD glacier 1966

  maximum Late Glacial extents during the ACR, Patagonian glaciers 1975 receded during the YD period. In some regions (47°-52°S), this general trend was 1976 interrupted by stillstands or minor readvances that deposited small moraines upvalley 1977 from the much larger ACR moraines

1982

  Paleo-vegetation records indicate a decline in precipitation during the YD in northwestern1983

  , recent finding by Reynhout et al. (2019) at Torre 1990 glacier (49°S) show robust evidence of early renewed glacial activity during the early , there are no published data on glacier behavior during the Northern1994

  activity in the Americas during the YD is limited, but has been 2003 improving in recent years (Table

  2005 earlier. Some major moraine systems were built during YD stillstands or re-advances, but 2006 it is uncertain if they are a consequence of climate forcing or glacier dynamics related to 2007 internally driven instabilities. Evidence for YD advances is sparse in Alaska, and it seems 2008 that glacier retreat dominated there. In southern Alaska, however, temperatures decreased 2009 during the YD. It is possible that glaciers advanced during this period, but if so, the 2010 evidence was destroyed by late Holocene advances. There is evidence of YD glacier 2011 advances at the southwestern margin of the CIS and in the North Cascades, where a 2012 significant reduction in temperature and an increase in precipitation have been detected. 2013 In the Wyoming and Colorado Rocky Mountains, moraines in several cirque basins, 2014 which once were thought to be mid-Holocene ('Neoglacial') age, are now attributed to the 2015 YD. In the Sierra Nevada a minor advance may be attributed to the YD, although the 2016 dating is problematic. Many other small moraine complexes in the western mountains of 2017 the U.S. have yet to be dated. 2018 One of the few regions with obvious YD moraines is central Mexico, where reconstructed 2019 ELAs suggest temperatures were ~4-5°C below modern values in an environment that 2020 was drier than today. The evidence for YD glaciation in the mountains of Costa Rica is 2021 inconclusive, but in the Northern Andes at elevations above 3800 m asl, some glaciers 2022 advanced during the YD due to a decrease in temperatures of 2.2-3.8°C below present 2023 values under a dry climate. 2024 Glaciers continued to retreat in Peru and Bolivia during the YD, except on the Altiplano 2025 where the YD coincided with the highest level of the Coipasa paleo-lake cycle and with 2026 advances of glaciers in numerous mountain ranges and on high volcanoes. It is 2027 questionable whether some late advances in northern Chile occurred during the ACR or 2028 the YD, but most of the Arid Diagonal was already ice-free in the YD. Some evidence 2029 for YD advances has been found in the central Andes of Argentina, but in Patagonia 2030 glacier retreat continued throughout the YD and was interrupted only by stillstands or define because the two hemispheres experience opposing external forcing and potentially 2064 opposing internal forcing mechanisms that might induce a climate compensation effect 2065

2069

  global deglaciation during each termination operates over approximately the same length 2070 of time during each glacial cycle and is characterised by short-lived fluctuations of rapid 2071 glacier retreat and occasional re-advances (Lea et al., 2003). Given these observations, it 2072 is important to determine the mechanisms responsible for the climatic and glacial changes 2073 that accompany deglaciations. To that end, several hypotheses have been proposed that 2074 are mainly based on the temperatures of the oceans

2076

  Any attempt to closely examine the Last Glacial Termination must account for changes 2077 in ocean temperature throughout this period. These temperature changes are simultaneous 2078 in the two hemispheres, but can shift in opposite directions, for example in the Atlantic 2079 Ocean. They are determined by the greater or lesser intensity of the AMOC (see syntheses 2080

  2107the northern oceans, which reestablish the AMOC. Subsequently, the ITCZ returns 2108 northward and the Asian monsoon intensifies. The northward migration of the southern 2109 westerlies and the intensification of the AMOC cool the southern oceans, completing a 2110 cycle in the recurrent bipolar seesaw that ultimately tends toward equilibrium (Denton et 2111 al., 2010).

  2112

2187a

  variety of climate forcings. Their results demonstrate that glaciers responded 2188 synchronously throughout deglaciation, mainly due to the global increase of CO 2 in the 2189 atmosphere and the subsequent increase in temperature. They note important regional 2190 differences related to other factors, such as insolation in the Northern Hemisphere, a 2191 seesaw response to changes in the AMOC in the Southern Hemisphere, and changes in 2192 precipitation distribution and in tropical ocean currents.

  2193

2200

  during the GLGM. Based on our synthesis, the LIS began to retreat about 21 ka ago at 2201 the same time as the majority of the North and Central American glaciers, as well as 2202 European glaciers. The Scandinavian Ice Sheet reached its maximum extent in the GLGM 2203 and also started its retreat about 21 ka (Toucanne et al., 2015; Cuzzone et al., 2016; 2204 Hughes A.L.C. et al., 2016; Hughes, P. et al., 2016; Stroeven et al., 2016; Patton et al., 2205 2017). As in the case of the LIS, the margins of the Scandinavian Ice Sheet retreated at 2206 different times; retreat in some areas was delayed until HS-1. The same timing and 2207 behavior has been reported for the Barents, British-Irish, and Icelandic ice sheets (Hormes 2208 et al.

2214

  In summary, the Last Glacial Termination started almost simultaneously in areas covered 2215 by the LIS and the Eurasian ice sheets. 2216 Similarities are also evident between North and Central American and many European 2217 mountain glaciers. The glacial maximum in Europe extended from 30 ka until the 2218 beginning of deglaciation 21-19 ka, for example in the Alps (Ivy-Ochs, 2015), Apennines 2219

2221

  latitude mountains in Europe achieved their maximum size much earlier, between MIS 5 2222 to MIS 3, for example, glaciers in the Cantabrian Mountains and central Pyrenees on the 2223 Iberian Peninsula (Oliva et al., 2019) and the High Atlas in North Africa (Hughes et al., 2224 2018). In contrast, glaciers in the eastern Pyrenees, the Central Range and the Sierra 2225 Nevada on the Iberian Peninsula, which are also located in mid-latitudes, clearly attained 2226 their maximum size during the GLGM (Oliva et al., 2019). In summary, mountain glaciers in Europe and North America evolved in a similar way, in spite of the local 2228 differences within each region. 2229 Comparing glacial behavior in South America to glaciers in other continents at similar 2230 latitudes is more difficult. The extra-American glaciers of the Southern Hemisphere are 2231 located in isolated mountains of Africa and Oceania and, with one exception, have not 2232 been well studied. The exception is the Southern Alps of New Zealand, which are located 2233 at the about the same latitudes as northern Patagonia. 2234 Unlike most of North and Central America, the maximum advance of the last glacial cycle 2235 throughout South America, except perhaps in Tierra del Fuego and in some mountains of 2236 Patagonia, was reached long before the GLGM, which is between approximately 60 ka 2237 and 40 ka. A similar pattern is also evident in mountains of East Africa (Shanahan and 2238 Zreda

2250 2016 ;

 2016 [START_REF] Shulmeister | 4241 The timing and nature of the last glacial cycle in New Zealand[END_REF] advanced during the GLGM and left outer moraine 2251 systems. This advance has been attributed to a southward migration of the ITCZ and

  2252

  2364ice-sheets behaved in a similar manner to American glaciers during the B-A. 2365 Glaciers in the European Alps experienced the same rapid deglaciation during the B-A as 2366 in North and Central America. After advances during HS-1, alpine glaciers retreated 2367 considerably during the B-A and had practically disappeared by the end of this period 2368 (Ivy-Ochs, 2015). Older Dryas (Daun stadial) moraines have been identified in many 2369 alpine valleys, indicating stagnation or an advance of glaciers between the two 2370 interstadials (Ivy

2378

  Dryas cold period, but uncertainties in the cosmogenic ages are sufficiently large that this 2379 possibility cannot be confirmed. Examples are found in the central Pyrenees (Palacios et 2380 al., 2017b). 2381 Conditions were warmer in Venezuela, and glaciers retreated, during B-A. The B-A warm 2382 interstadial is not reflected in Central and Southern South American glacier behavior. 2383 Rather, there is clear evidence from the northern and tropical Andes of advances during 2384 the ACR. These advances occurred under cold and arid conditions caused mainly by
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  Figure 10. A) Location of the Wind River Range in the Rocky Mountains of Wyoming,

  

  

  

  

  

  

  

  , coupled with the New England varve chronology (Ridge et

	1005	al., 2004), indicate retreat of the ice margin in the northeastern United States. 36 Cl
	1006	exposure ages from the Adirondack Moutains (Barth et al., 2019) suggest that the ice

  suggest glaciers advanced in the 1912 Humboldt Massif of this mountain range at 12.4 ka. In the Mucubají valley, also in this 1913 range, small moraines located at elevations higher than 3800 m asl have yielded 10 Be ages 1914 of 12.22±0.60 ka and 12.42±1.05 ka (modified ages from Angel, 2016) and may be 1915 related to the YD. Glacier advances have been linked to the YD in the Sierra Nevada del
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Table 1 .

 1 The main climate and glacial evolution features during the Global Last Glacial Maximum (26.5 to 19 ka) in the Americas

			ELA			
	REGION	Climate during GLGM in relation to present	depression in LGM in relation to	Local Last Maximum Ice Extension and its relation to GLGM	Initial chronology deglaciation	Key References
			present			
	Laurentia	6-7 ˚C colder and great local variability in precipitation		During GLGM Probably from 28 to 20 ka (even 17 ka) with great local variability LIS near-maximum extent for several thousand years	23 to 20 ka, depending on area, but slow prior to 17 ka	Dyke et al., 2002; Ullman et al., 2015b; Robel and Tziperman, 2016; Stokes et al., 2016; Margold et al., 2015; 2018; Stokes, 2017
	Alaska	More arid and relatively warm conditions	200-500 m			

  2017

			near the			
			coasts			
	Central America	6 -9°C colder	1100-1400 m	During GLGM and post-LGM Maximum at~25-23 ka in Cordillera Talamanca; subsequent deglaciation and moraines formation ca. 18-16 ka	~17 ka	Roy and Lachniet, 2010; Cunningham, 2019; Potter et al., 2019
						van der Hammen, T., 1981;
	Northern Andes	8°C colder and wetter	1420-850 m	Pre-GLGM but during the GLGM, ~21 ka in Sierra Nevada, Venezuela	From ~21 to 16 ka	
	Cordillera Ice Sheet and North Cascades	6-7 ºC colder and 40% lower mean annual precipitation	1000-750 m	CIS in the north during GLGM and in the west and south, later up to 16 ka During LGM in North Cascades, from 25 to 21 ka	From 21 to 16 ka	Clague, 2017; Riedel et al. 2010; Bartlein et al. 2011; Riedel, 2017
	Yellowstone-Tetons	Around 5.4ºC colder and similar precipitation as at present	900 m	During GLGM From ~22 ka, but in some valleys up to 17-16 ka	~20 to 17 ka, depending of the valleys	Licciardi and Pierce, 2018; Pierce, et al., 2018
	Wind River Range, WY	(Est.) > 5.4ºC colder and similar precipitation as at present	~900 m	During GLGM From ~24-22 ka	<22 ka	Dahms 2004; Dahms et al., 2018, 2019; Shakun et al., 2015
	Colorado	Around 5.4-8ºC colder and similar precipitation as at present	900 m	During GLGM From ~24 ka, but some valleys up to 17-16 ka	~20 to 17 ka, depending of the valleys	Young et al., 2011; Leonard et al., 2017a, b ; Brugger et al., 2019
	Sierra Nevada 5-6ºC lower, 140% higher precipitation	1200 m	During GLGM From 26 to 20 ka	Began at 19 ka and accelerated rapidly after 18 ka	Plummer, 2002; Phillips, 2016, 2017
	Mexico	6 -9°C colder, precipitation lower than modern	1000 m in the interior; 1200-1500 m	During GLGM. Interior part of central Mexico at 21-19 ka, extending to 20-14 ka near the coasts	15 to 14 ka	Vazquez-Selem and Heine, 2011; Vázquez-Selem and Lachniet, 2017

  No clear evidence for major glacial readvances during or soon after H-1. Important changes in the location of ice dispersal centres, with subsequent effects on ice flow patterns and some lobe advances.In general, ice sheet thinning tendency Identified some standstills or re-advances in glacial fronts at ~17-16.5 ka, but there was significant recession of most of glaciers over all this periodThe ice sheet reached its maximum extent during H-1 Some glaciers left moraines closely nested inside the LGM moraines, that could belong to the H-1 expansion

		Climate during H-1 in relation to present	ELA depression to present in H1 in relation	Glacial evolution during H-1	Key References
	LAURENTIA				Stokes et al., 2005; Koester et al., 2017;
					Pendleton et al., 2015;
	ALASKA	Cold, mild	200-500 m		Kopczynski et al., 2017;
					Briner et al., 2017
	Cordillera Ice Sheet and North Cascades	6-7 ºC colder and 40% lower mean annual precipitation influenced by CIS expansion	1000-750 m few hundred meters above the LGM		Cosma et al., 2008; Troost, 2016; Clague, 2017; Kaufman et al., 2004; Porter and Swanson, 2008; Riedel et al., 2010
	Yellowstone-Tetons	Colder and similar precipitation	900 m, with great local variability	Some valleys reach their local maximum ice advance at ~17 ka, while others experienced extensive recession.	Licciardi and Pierce, 2018; Pierce et al., 2018
	Wind River Range, WY	Est. colder w/ similar precipitation 60-170m (S-to-N)		

  al., 2019 

	Sierra Nevada	3º colder and 160% of precipitation	900 m	Strong evidence of glacial advance during H1 at 16.2 ka. Extensive retreat afterwards	Plummer, 2002; Phillips, 1996, 2017
	Mexico	Cold and dry	900 m in the interior; 1200-1500 m near the coasts	Minor recession in the interior but overall strong evidence of glacial advance or stillstand coeval to H-1 (17-15 ka)	Vázquez-Selem and Lachniet, 2017

(Bromley et al., 2009). Radiocarbon and cosmogenic ages from the Cordillera Vilcanota

response to a more positive ice sheet mass balance in some sectors(Stokes et al., 2016; 

volcano(Alcalá-Reygosa et al., 2017) and Sajama[START_REF] Smith | Late glacial and Holocene 4258 cosmogenic surface exposure age glacial chronology and geomorphological 4259 evidence for the presence of cold-based glaciers at Nevado Sajama[END_REF] volcanoes. These

Coipasa on the Altiplano(Blard et al., 2011;[START_REF]Fig. 17). 1939 Many glaciers advanced or experienced stillstands in the Central Andes during the early 1940 Holocene. The mean age of all Holocene moraine boulders is 11.0±0[END_REF]. No general early
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2423

Sheet advanced during the YD, although there was great variability in its different 2424 margins (Cuzzone et al., 2016;Hughes A.L.C. et al., 2016;Mangerud et al., 2016; 2425 Stroeven et al., 2016; Patton et al., 2017;Romundset et al., 2017). It appears that the 2426 maximum advance occurred at the end of the YD period, at least at some margins 2427 (Mangerud et al., 2016;Romundset et al., 2017). At the beginning of the Holocene, retreat 2428 of the Fennoscandian Ice Sheet began anew, although this was interrupted during the 2429 short-lived Preboreal oscillation, at 11.4 ka. Afterwards, retreat continued until the ice 2430 sheet disappearance at 10-9 ka (Cuzzone et al., 2016;Hughes A.L.C. et al., 2016; 2431 Stroeven et al., 2016). During the YD, ice caps in some sectors of Britain, Franz Josef

2432

Land and Novaya Zemlya also expanded (Hughes A.L.C. et al., 2016; Patton et al., 2017; 2433 Bickerdike et al., 2018). The glaciers in Iceland recovered during the YD and again 2434 brought their fronts close to the present shoreline and, in some cases, beyond it (Pétursson 2435(Pétursson et al., 2015)). With the Holocene came rapid retreat, interrupted by the Preboreal 2436 oscillation at 11.4 ka (Andrés et al., 2019). In summary, the remnant European ice sheets 2437 grew during the YD, but similar growth is less evident for the LIS.

2438
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and Rainy lobes), which readvanced towards the end of the YD. However, the precise 1747 trigger is uncertain; climatic forcing and dynamic instabilities related to meltwater lubrication and/or proglacial lake-level flucutations are possibities (Margold et al., 2018).
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A., Valero-Garcés, B., Gómez-Villar, A. 2016. Mountain glacier evolution in the 3154 Iberian Peninsula during the Younger Dryas. Quat. Sci. Rev. 138,[16][17][18][19][20][21][22][23][24][25][26][27][28][29][30] 10.1016/j.quascirev.2016.02.022 3156 Gardner, A.S., Moholdt, G., Cogley, J.G., Wouters,B.,Arendt,A.A.,Wahr,J.,3157 Berthier, E., Hock, R., Pfeffer, W.T., Kaser, G., Ligtenberg, S.R., Bolch, T., 3158 Sharp, M.J., Hagen, J.O., Ove, J., van den Broeke, M.R., Paul, P. 2013 Gayo, E.M., Latorre, C., Jordan, T.E., Nester, P.L., Estay, S.A., Ojeda, K.F., San Martin Valley,Argentina. Quat. Res. 75,[636][637][638][639][640][641][642][643][644][645][646] 10.1016/j.yqres.2010.11.005 3195 Glasser, N.F., Jansson, K.N., Harrison, S., Kleman, J. 2008 Beringia. Quat. Sci. Rev. 197, 129-141. 10.1016/j.quascirev.2018 with the YD period. The glacial geology and chronology of this area were originally 4590 described by [START_REF] Dahms | Glacial stratigraphy of Stough Creek basin, Wind River 2994 Range, Wyoming[END_REF][START_REF] Dahms | Relative and numeric age-data for Pleistocene glacial 2997 deposits and diamictons in and Near Sinks Canyon, Wind River Range[END_REF] and [START_REF] Dahms | Latest glacial and periglacial stratigraphy, Wind River Range, Wyoming[END_REF], and were subsequently 4591 revised by [START_REF] Dahms | Revised Quaternary glacial succession and post-LGM 3005 recession, southern Wind River Range, Wyoming, USA[END_REF][START_REF] Dahms | Corrigendum to "Revised Quaternary glacial successioin and 3009 post-LGM recession, southern Wind River Range, Wyoming, USA[END_REF]. Source: Google Earth images. [START_REF] Ward | Late Pleistocene 4465 glaciations of the arid subtropical Andes and new results from the Chajnantor 4466 Plateau, northern Chile[END_REF]. Dirt track visible for scale. C) Inner ridge of the western 4628 terminal complex of the former Chajnantor ice cap (23.0° S), last occupied at the LLGM 4629 [START_REF] Ward | Late Pleistocene 4465 glaciations of the arid subtropical Andes and new results from the Chajnantor 4466 Plateau, northern Chile[END_REF]2017). View to the southwest; backpack circled for scale. D) Eastern 4630 terminal moraine complex at Chajnantor, likely MIS 3 [START_REF] Ward | Late Pleistocene 4465 glaciations of the arid subtropical Andes and new results from the Chajnantor 4466 Plateau, northern Chile[END_REF][START_REF] Ward | Across the Arid Diagonal: Deglaciation 4462 of the western Andean Cordillera in southwest Bolivia and northern Chile. 4463[END_REF]. View [START_REF] Rull | 1129 proposed a cold event (~7°C cooler than today), locally called as El[END_REF][START_REF] Brunschön | concluded that both temperature and precipitation in the 1134 southern Ecuadorian Andes were higher during the period 16.2[END_REF]Angel et al., 2016; 2017

Peru and Bolivia

The coldest period since LGM with cooling of ~3°C. Drier in central Peru. In the Altiplano the first part of H1 (~18 to 16.5 ka) was drier, followed by the Lake Tauca highstand from 16.5 to 14.5 ka with an increase of precipitation > 130 %

Large variability, from similar to

LGM to few hundred meters Most of the glaciers retreated just prior to H-1, but multiple glaciers re-advanced during H-1, in Peru and Bolivia, with average moraine age of 16.1 ka with a standard deviation of 1. 1 ka Alcalá-Reygosa, 2017;Mark, 2017;Martin et al., 2018 Northern Chile ~3.5ºC colder and sharp precipitation gradient with decreasing precipitation from Lake Tauca to the south. 900 m of regional difference in relation to precipitation distribution Moraines dating to the LGM and earlier were overridden during the Tauca highstand wet phase (~17-15 ka) in mountains surrounding Lake Tauca, but to the south the Tauca-phase moraine is either absent or found high in the valleys. [START_REF] Ward | Across the Arid Diagonal: Deglaciation 4462 of the western Andean Cordillera in southwest Bolivia and northern Chile. 4463[END_REF]Martin et al., 2018 

Central Andes of Argentina

Glacial advances occurred synchronous with the expansion of Altiplano lakes 620 m

New advances in some sectors between 17 and 15 ka and in other sectors, deglaciation from 17 ka. Moraines of H-1 located up-valley from those of the LGM. [START_REF] Zech | Glacier and climate 4533 reconstruction at Tres Lagunas, NW Argentina, based on 10 Be surface exposure 4534 dating and lake sediment analyses[END_REF][START_REF] Zech | Timing 4530 and extent of late Pleistocene glaciation in the arid Central Andes of Argentina 4531 and Chile (22°-41°S)[END_REF]Martini et al., 2017;

Patagonia

Warming tendency throughout the period. Average interglacial temperatures by 16.8 ka

Trending toward values similar to the present

Widespread deglaciation along the region, with exception of short stabilization at ~16.9-16.2 ka in a few glaciers. Glaciers in central Patagonia were near to modern ice limits before ~16 ka [START_REF] Boex | Rapid thinning of the late Pleistocene Patagonian Ice Sheet followed 2743 migration of the Southern Westerlies[END_REF][START_REF] Henríquez | Vegetation 3298 and climate change, fire-regime shifts and volcanic disturbance in Chiloé 3299 Continental (43º S) during the last 10,000 years[END_REF]Henriquez et al., 2017;[START_REF] Mendelova | The Last Glacial 3775 Maximum and deglaciation in central Patagonia, 44°S-49[END_REF]Bendle et al., 2017 Tierra de Fuego Sudden, large-scale warming.

Unknown, but likely within a few hundred meters of present by 16.8 ka Rapid glacier recession, with no evidence of stillstands. Cordillera Darwin icefield had contracted to within the presentday fjords by 16. 8 ka McCulloch et al., 2005b;[START_REF] Kaplan | Southern Patagonian glacial chronology for the Last 3434 Glacial period and implications for Southern Ocean climate[END_REF]Menounos et al., 2013;Hall et al., 2013Hall et al., , 2017 Table 3. The main climate and glacial evolution features during the Bølling-Allerød interstadial and Antarctic Cold Reversal (14.6-12.9 ka) in the Americas. 

REGION

LAURENTIA

General ablation in marginal areas in B-A and marked retreat acceleration along the southern and western margins, with development of proglacial lakes. Some readvances not related to climatic forcing. Northern margin stable. [START_REF] Clark | Global climate evolution during the last 2930 deglaciation[END_REF]Ullman et al., 2015b;Margold et al., 2015;2018;[START_REF] Dyke | An outline of North American deglaciation with emphasis on 3093 central and northern Canada[END_REF] 

Yellowstone-Tetons

The only glacial advance detected is in the Lake Solitude cirque in the east slope of Licciardi and Pierce, 2008 Teton Range, with a moraine that closed a small cirque at 12.9 ± 0.7 ka In the mountains of central Mexico >4200 m glaciers formed a distinctive group of closely spaced moraines at 3800-3900 m from 13-12 to ~10. 5 ka Mountains <4000 m in central Mexico were ice-free by 11.5 ka; mountains <4200 m icefree between 10.5 and 10 ka; highest peaks of central Mexico (>4400 m) have evidence of a short but distinctive advance 8.5 to 7. 5 ka Vázquez-Selem and Lachniet, 2017

Central America

Conflicting evidence: full deglaciation prior to YD, ca. 15.2 ka (Cunningham et al., 2018); glaciation coeval to YD and full deglaciation before 9.7 ka [START_REF] Orvis | Quaternary glaciers and climate on Cerro 3909 Chirripó, Costa Rica[END_REF]Potter et al., 2019) Ice-free before 9.7 ka or probably as early as 15.2 ka, depending on the authors [START_REF] Orvis | Quaternary glaciers and climate on Cerro 3909 Chirripó, Costa Rica[END_REF][START_REF] Cunningham | Glacial 2978 limitation of tropical mountain height[END_REF]Potter et al., [START_REF] Salgado-Labouriau | Paleoecologic 4161 analysis of a late-Quaternary terrace from Mucubají[END_REF]Carrillo et al., 2008;[START_REF] Rull | Palynological signal of the Younger Dryas in the tropical Venezuelan Andes. 4151[END_REF][START_REF] Stansell | Abrupt Younger Dryas cooling in the northern tropics recorded in lake 4279 sediments from the Venezuelan Andes[END_REF]Angel et al. 2017 

Peru and Bolivia

More precipitation in the South indicated by high level of Coipasa paleolake

Scarce records and great variability

The ice was in a general retreating phase during the YD. Only local evidence of advances at the start of YD, mainly in southwestern Peru.

Multiple glaciers advanced or experienced stillstands in the Central Andes during the early Holocene. Glaciers then seem [START_REF] Mark | The last deglaciation of Peru and 3719 Bolivia[END_REF]Bromley et al., 2011;Alcalá-Reygosa et al., 2017 to have rapidly retreated through the remaining early Holocene

Northern Chile

100-150% wetter than modern

There are no glacial landforms in the immediate vicinity of the Arid Diagonal dated with sufficient precision to distinguish between the YD and the ACR; possible YD moraines in recessed positions at a few locations. A widespread warm/dry interval is evident between 11-8 ka and the glaciers continued decreasing through the early Holocene, when most glaciers approached their present-day configuration Moreno et al., 2010;[START_REF] Strelin | Radiocarbon chronology of the late-glacial Puerto Bandera moraines, 4323 Southern Patagonian Icefield, Argentina[END_REF][START_REF] Kaplan | Patagonian and southern South Atlantic view of 3439 Holocene climate[END_REF][START_REF] Glasser | Younger Dryas and early Holocene age glacier advances in Patagonia[END_REF][START_REF] Sagredo | Trans-Pacific glacial response to the 4154 Antarctic Cold Reversal in the southern mid-latitudes[END_REF]Moreno et al., 2018a,b 

Tierra de Fuego

No clear cooling A glacier in the Fuegian Andes had reached positions comparable to the Little Ice Age by 12.5-11.2 ka. Probably glaciers were in recession throughout Tierra del Fuego.
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