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Fig. 2 Probability density plots of the class A and B '"Be exposure ages for each of the eighteen regions ( The left figure includes

data of western United States, and the glaciation sequence spans MIS 6~1,

and the right figure includes data of western Canada and

Alaska, the Laurentide Ice Sheet region and Greenland, and the glaciation sequence spans MIS 5~1, and the left and right figures
are combined into one figure, but the time series of the right figure is shorter than that of the left figure; In the upper part of the
figure, pink bars represent YD event (11.7~12.9 ka, the division refers to Reference [79]), yellow bars represent B-A

event (12. 9~14. 6 ka, the division refers to Reference [79]), green bars represent HS events (HS1:

14.6~17.5 ka, the

division refers to Reference [ 80-81]), blue bars represent the LGM (19. 0~26. 5 ka, the division refers to Reference [71]),

and marine isotope stages division refers to Reference [2 ]; Paleoclimate proxy records contains: a. summer insolation at 30° N
b. EPICA Dome C ice core™, c¢. LRO04 series of marine 6"0 in benthic foraminifers™
', f. North Atlantic ice-rafted debris stack™’, g. Alaska deep-sea sediment core U1419"*"

e. global sea level reconstruction™®

[82]
9

, d. Lake Bonneville altitudes*,

h. North Atlantic deep-sea sediment core OCE326-GGC5"", i. summer insolation at 65° N*/, j. GISP2 ice core*™*)

$7 22 M DX EL S5 DXRIAR B 24 M X (& 3) , (H X st
Hb XA UK AR 7 8 AR IS A ] o 5 ] 17 38 X )
VKA U AR A vhost R T MIS 6 16 38 D &% MIS 5 KL
X 5 Laabs %5 (4 00 5 AH [7] , 1 BT 537 47 i s X 0] %6k
N MIS 4/3 B 19, 3 5 TR 48 IR 67 3R il 4 i 48 7
() 4 Bk vk AR A 3 A — B 2¢) , Ul B 52
%m&%%%&Mﬂ#ME$omiﬁw&ﬂ%
5T FE B, 55 PG 56 L 3t vk 18 1 5 o5 e 2

183 K
%ﬁﬁL@mw@ﬁ’%$%W%ﬂﬁ5%%§

F8 ] 7 307 ot DX A1 R ASE 22 18] Al AT BB A7 7R 5 Ok
Ve P (R & b - N R B D0 N e S
T30t X 2 B0 SRR I A W A5, R B A
3 m M DX oK1 B4 8 2R A A AT R MRS K

PR AR SR X SR oK A SR 13— i, D
MIS 6 I 411, 56 [ PG 0 Ly vk 11 -5 57 18 23 7k 3 7]

A 4 0t BT T BT 50 0 M X B4 vk 1 K R, S BT
BTN X MIS 6 Bt 391 7k )1 R /IN - MIS 4 B3]
PR S Bl 37 397 410 3 DX AP B AT MILS 4/3 1 33 7 % B



414

X 5E4E: FET "Be BER AU AL IS YN G 2 DU 22 vk ) 1AL P 9 T 5T 1291

55°N

35°N

| o BRIR4L

15°N R W R W

55°N

35°N

__an 8
.| B
Wi 15N

115°W 85°W 115°W 85°W

(6)29.0~71.0 ka

115°W 85°W 115°W 85°W

(2) 71.0~150.0 ka

N\
AR
* BYIRARA
=\

B

(¢) 19.0~26.5 ka

55°N

35°N

4 -@&%&é‘g
A
LR son

115°W
(e) 12.9~14.6 ka

85°W

115°W
() 11.7~12.9ka

85°W 115°W

(g)<11.7 ka

85°W

K3 74BfA B (71. 0~150. 0 ka,29. 0~71. 0 ka, 19. 0~26. 5 ka, 14. 6~17. 5 ka, 12. 9~14. 6 ka, 11. 7~12. 9 ka Fli<11. 7 ka)
A BRI W) 4340 (VK5I 2% T 3CHk17])
Fig. 3 Spatial distribution of the class A and B "Be exposure ages for the seven temporal groups (71. 0~150. 0 ka,
29.0~71.0ka, 19.0~26.5ka, 14.6~17.5ka, 12.9~14. 6 ka, 11.7~12. 9 kaand <11. 7 ka)

(An outline of ice sheets refers to Reference [ 17])
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Table 2 Summary table of topographic morphology and sample types of '"Be sampling points in pre-LGM stage
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Fig. 4 Holocene probability density plots and Bond events in

the four regions of North America (The classification of Bond
events refers to Reference [ 108 ]; Paleoclimate proxy records
contains: a. Greenland temperature reconstruction ', b.
ice-rafted debris stack from four North Atlantic
sediment cores """, c¢. GISP2 ice core™)
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Late Quaternary glaciations in North America based on '"Be exposure ages

LIU Liang, ZHAIYijie, ZHANG Wei, CHU Zhihao
(School of Geography , Liaoning Normal University, Dalian 116029, Liaoning, China)

Abstract: North America is rich in late Quaternary glaciation remnants. Over recent years, a large number of
exposed ages of glacial boulders or bedrock have been obtained using cosmogenic radionuclide (CRN) dating,
allowing a potential reconstruction of the North America’s late Quaternary evolutionary glaciation sequence. In
this paper, the "Be exposure ages of 4 357 independent samples from North America were compiled and classi-
fied according to confidence classes (A-C). All exposure ages were grouped according to the original literature
and recalculated using the latest version of the exposure age calculator. Since the erosion rate of each study area
could not be determined, the calculation of exposure ages in this study was based on a zero erosion assumption.
We considered the ages we adopted to be minimum exposure ages. After division into confidence classes, 424
groups of 1 956 exposure ages with well-clustered and moderately-clustered classes were obtained. Due to con-
siderable overlap of data, the overall range in glaciation in North America appeared too wide. We therefore con-
structed an evolutionary glaciation sequence and determined the peak age of the probability density curve for four
large regions and 15 subregions in North America. The subdivision of regions at all levels was based on glacier
shape, scale and topographic conditions. Combining these results with paleoclimate data, we compared and ana-
lyzed the response of the resulting evolutionary glaciation sequence to high-resolution climatic events, thereby
summarizing the characteristics of each stage of the North American evolutionary glaciation sequence. The re-
sults showed that North America has experienced many glaciations in the past 150 ka. It is conservatively esti-
mated that the glaciers in North America have experienced large-scale glaciations during at least marine isotope
stage (MIS) 6/5, MIS 4/3 and MIS 2. The evolution of glaciers before the Last Glacial Maximum (LGM) was
regional. Of these glaciations, the MIS 6/5 glaciation was concentrated in the western part of the United States,
with peak ages of 138. 7 ka and 118. 7 ka, corresponding to the late MIS 6 and early MIS 5. Traces of a MIS 4/3
glaciation are only preserved in Alaska, possibly related to the atmospheric effect of the Laurentian Ice Sheet.
The times when the LGM reached its maximum range may not be regionally synchronous. In addition to the prin-
cipal mechanisms driven by the global climate change, changes in regional climates, the internal dynamics of
different glaciers, and atmospheric effects brought about by the Laurentian Ice Sheet may also have been second-
ary factors. The responses of glaciers to the high-resolution climatic events known as the Heinrich Stadial 1 (HS-
1), the Bglling-Allergd (B-A) interstadial and the Younger Dryas (YD) event, during the last period of deglaci-
ation, appear to be synchronous, possibly affected by a significant change in the Atlantic meridional overturning
circulation (AMOC). The "“Be exposure ages of North American glaciers also correlate well with the high-reso-
lution ‘Bond’ events that have occurred during the Holocene. In the future, more ""Be exposure age data and cli-
mate data are needed to enrich the study of the evolutionary glaciation sequence in North America during the late
Quaternary.
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