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Introduction: sea-level change since the Last Interglacial
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Introduction: Glacial Isostatic Adjustment
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Main input of GIA modeling
» Earth parameter (Lithosphere thickness,

Upper mantle viscosity, Lower Mantle viscosity)
* Ice loading history
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Sea-level observations in Indian Ocean sector
of East Antarctica
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Global sea-level change during glacial period

Equivalent sea level (m) Volume (10° kg®)

Sea Level (m)

50

40
301
201
10

-120+

—— North America (including Greenland, Iceland) (a)
—— Eurasia
—— Antarctica
— Patagonia
— Total

| — Reconstructed (Shakun et al)
— Calculated (minimum)
1 Calculated (maximum)

@ Reconstructed (Grant et al)
Calculated (minimum)
------- Calculated (maximum)

80000 60000

40000
Age (yr BP)

20000 0
Gowan et al,, 2021

"Small” North American Ice sheet during MIS 3.
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Objective: Reconstruction of AIS changes during Glacial period
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GIA modeling cannot explain MIS 3 sea-level observations.

What is the main cause of this discrepancy?

1. Earth parameter of GIA modeling.
2. Small North American Ice Sheet.
3. The timing of Antarctic Ice Sheet growth.
4. The growth timing and maximum volume of Antarctic Ice
Sheet.
GIA modeling

Ice loading history
 ANU (Lambeck et al., 2002,2014)
« W12 (Whitehouse et al., 2012)



Methods: Glacial Isostatic Adjustment
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Results and Discussion: the effect of Earth parameter

Effective range of Earth parameter is insufficient to explain MIS 3 sea-level observations
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Methods: Glacial Isostatic Adjustment
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Results and Discussion: the effect of
North hemisphere ice sheet

1. Earth parameter of GIA modeling.

2. Small North American Ice Sheet.

3. The timing of Antarctic Ice Sheet growth.

4. The growth timing and maximum volume of
Antarctic Ice Sheet.

Small North American ice sheet is not effective.

"

Antarctic Ice Sheet history should be revised.

Ishiwa et al, 2021



Results and Discussion: the timing of AIS growth
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1. Earth parameter of GIA modeling.

2. Small North American Ice Sheet.

3. The timing of Antarctic Ice Sheet growth.

4. The growth timing and maximum volume of
Antarctic Ice Sheet.

The timing of Antarctic Ice Sheet growth is
insufficient to explain MIS 3 sea-level
observations.
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Results and Discussion: the maximum volume of AIS
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4. The growth timing and
maximum volume of
Antarctic Ice Sheet.

Excess ice load is key to explain
sea-level highstands during MIS 3.
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Discussion: East Antarctic Ice Sheet change during glacial period
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Conclusion

580 (%o)
Dome Fuiji

Ice thickness change

at Langhovde (m)

Age (ka)
120 100 80 60 40 20 0
lllllIIllIlllllllllIlIIIllllllllIllIlllllllllllllllllllllll
_5p MIS 5 [Mmisa | ms3 [ mis2 | mis1
1A |
-54 — ™kt
3, l\( h'MMM'
-56 " M At
M M"W‘ By !
—58 = "WW M W \# W: \Mv n iﬁ
_60_;B “W W A

‘ f | ‘(» I ! M 'J{m Mw

L‘ \ |”
\w I \ i ”M '\\ .U!
\' ‘ i N‘ i ‘l" i mrt’ l M’ ‘f“ W”‘/‘

Ice sheet growth
toward excess ice load

lllllllllllllllllllllIlll

Illllllllllllllllll]lllllllllllllllllll]lllllllllIlllllllll
120 100 80 60 40 20
Age (ka)

o

-80

AT source

RSL (m)
Langhovde

Ishiwa et al, 2021

O There is an offset between observations and

GlA-induced predictions around 40,000 years
ago (MIS 3: Marine Isotope Stage 3) in the
Indian Ocean sector of East Antarctica.

“Small” North American Ice Sheet is insufficient
to explain MIS 3 sea-level observations.

Excess ice loading (not only the timing of
growth but also the maximum ice load) before
the LGM should be needed to explain the MIS 3
sea-level observations in East Antarctica.
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