Rapid viscoelastic deformation slows marine ice sheet instability at Pine Island Glacler
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Isostatic Adjustment (GIA) affect grounding line (VAF) by up to 30% at Pine Island over 150 years.
retreat of a vulnerable marine ice sheet, like Pine We couple the BISICLES ice flow model at Pine Island with a spectral, time-domain, flat-earth GIA N .
Island Glacier? model (Bueler et al., 2007). This captures local viscoelastic behavior as an exponentially decaying ~ . >0 C) 3 30 -
. . . . . . . D> —_ <
. uplift with viscosity-, lithospheric-, and wavelength-dependent decay times. The Upper Bound = 0.28 &5 [,
Marine ice sheets on retrograde slopes are vulnerable to 7 ’ , , T , < = <<,
an instability because the f?ow of icepacross the grounding (UB) model comprises low end-member estimates for rheology. Pine Island Glacier is driven into 8 * 056§ <>:|
line is proportional to its thickness retreat my sub-ice shelf melting (Cornford et al., 2013). g . '<:;-;.é‘-_083§ @
. ) -
>
d —400 = | | | i i r1.11 %
Model Mantle Lithosphere 025 50 75 100 125 150 =
%) Viscosity (Pa s) Thickness (km) T
: . — o I I |
ice sheet (C:Z:‘Zd[;:&')'”e s, Upper Mantle  1e21 60 by . 0.0 S 0 25 50 75 100 125 150
GEJ Avg (UM) S s000- - Time (years)
i I——— | | —— = Upper Bound lel8 25 2 2 , , , ,
= . . o8 shel N g’ (UB) S ~ 10000~ , 28'05 Thicker lithospheric thickness
.= f(h, -15000 - —— UB, 110km : : :
= e A “Best 2” (Barletta 4e18 2e19 60 %: 0000~ Efsémk NN z and higher viscosity decrease
etal, 2018) O T sl I N the stabilizing effect by limiting
e —r — —— S ——— 0 25 50 75 100 125 150 -
i o1 02 103 Time (years) and slowing the response.
R etroatod Wavelength (km) S
{7~ grounding ine S o - | o | The effect of instantaneous S
- Rapid viscoelastic uplift (~100 m over 150 years) behind the groundling line (GL) delays its retreat elasticity was much smaller than X A-
. by over 50 km (a-c). The response is highly localized to the region of loss (d-f), not resolved by viscoelastic uplift (right). Other i 2-
______ gy T current GPS deployments (INMN and BACK in g). P . 5 2. o |
| a) b) components of solid-earth response =|: ST
Flux increases - i @ 200 - -~ . . . L2 -2- j’j : —— UB, 25km
(> @) : = = NoGIA 77 (e.g., gravitational perturbations e A 1 |- UM, 60km
: T G . . - ——TBest2
=1 = 150~ — UB, 25km Ty and ongoing uplift from past mass = I S e
_— e.g. basal melt - s > S 0 25 50 75 100 125 150
= loss) were similarly small. = Time (years)
But GIA uplift can stabilize the retreat by locally lowering % 100~ We find that v Iasti i€t that " |
sea level, typically over millennia. g =0 - ertin dt rapil VISC.Oe a's IC UP | . dt OCCUTrS Oon a iIme SCaie
. B comparable to grounding line migration plays a leading order
© 0 . role in controlling stability by solid-earth deformation.
V Stabilised c)
- ¥ grounding line After GIA feedbacks 1000 - Citations
Seniming A i Barletta, V. R., Bevis, M., Smith, B. E., Wilson, T., Brown, A., Bordoni, A., ... Wiens, D. A. (2018).
| Ahs fall 58 1400 - Observed rapid bedrock uplift in Amundsen Sea Embayment promotes ice-sheet stability. Science,
\ 3 — 1339(June), 1335-1339.
Flux decreases | i 5 ) '—3 E-ID 1200 -
%< %) ___________----——-1""‘""'"" E = Bueler, E., Lingle, C. S., & Kallen-Brown, J. a. (2007). Fast computation of a viscoelastic deformable
— 71 — A Y immmmmTTTTTTT . 1000 - Earth model for ice sheet simulation. Ann. Glaciol., 46, 97-105.
e (after Whitehouse et al., 2019) [
| | | | 800 _(') 5 50 75 100 125 150 Cornford, S. L., Martin, D. F., Graves, D. T., Ranken, D. F, Le, A. M., Gladstone, R. M., ... Lipscomb,
: L _ : W. H. (2013). Adaptive mesh, finite volume modeling of marine ice sheets. Journal of
500 Time (yrs)
Pine Island GIaCIe.r’ ”:' Y Computational Physics, 232(1)
the West Antarctic Rift d) t = 50 yr &) 100 yr 9) 150 yr
Zone, has a retrograde 94w 0 i i o Larour, E., Seroussi, H., Adhikari, S., Ivins, E., Caron, L., Morlighem, M., & Schlegel, N. (2019).
5 - E 100 1.05 &
bed (rlght) and is g 75 'é‘ _ 0.90 ;:‘ Slowdown in Antarctic mass loss from solid Earth and sea-level feedbacks. Science, (April).
- J— -50 & - 0.75 ~
u.nderl.am by !OW 7 § 25 & 060 2 Whitehouse, P. L., Gomez, N., King, M. A., & Wiens, D. A. (2019). Solid Earth change and the
viscosity, rapidly 98°W s s -0 —a - 0.45 © evolution of the Antarctic Ice Sheet. Nature Communications, 10(1), 1-14.
responding, mantle 1000 - 25 D -0.30 &
e.g., Barletta et al., " =50 B OLse s e ‘ Q
e L 000 2 > Moenkeiey Las idaames (ORD
- 0185 LiwaTEs @R SciDAC
?h;ﬁz‘:i‘”‘ = In review at GRL, skachuck@umich.edu
AGU 2019 C21F-1511




