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SUPPLEMENT: SENSITIVITY STUDY

We have performed a study that explores the sensitivity
of the estimate of the emergence time of Akimiski Island
to uncertainties in various aspects of the ice history and
Earth model described in the main text. We will refer to
the simulation within the main text as simulation number
one (henceforth Siml). We have run nine additional
simulations of GIA based on 3-D viscoelastic Earth
models. Simulations 2 and 3 are identical to Siml, with the
exception that our scaling of lateral viscosity variations
(e.g., Fig. 5B—D) is increased by a factor of 2.7 and 7.4,
respectively. These viscosity fields are all ultimately based
on heterogeneity inferred from the seismic tomography
model S40RTS (Ritsema et al., 2011). Simulations 4 and 5
are identical to Sim 1 with the exception that the underlying
seismic tomography fields are given by the Savani model
of Auer et al. (2014) and the SEMUM?2 model of French
et al. (2013), respectively. Both models have lateral
viscosity variations that are tuned to be comparable to the
variations in Siml (Fig. 5B—D). Simulation 6 replaces
the lithospheric thickness and mantle viscosity variations
in Siml by the Earth model derived by Hoggard et al.
(2020) and Richards et al. (2020). Simulation 7 replaces
the lithospheric thickness model used in Siml (Conrad and
Lithgow-Bertelloni, 2006) with the model of Watts (2001).
Simulation 8 is identical to Sim3, with the exception that the
spherically averaged viscosity model adopted in the latter
(VM5) is replaced by a model with upper and lower mantle
viscosities of 5 x 10?° Pa s and 5 x 10* Pa s, respectively.
All the above simulations use the ICE-6G history (Peltier
et al., 2015). Simulation 9, in contrast, adopts the ICE-5G
ice history and assumes the spherically averaged Earth
structure of VM2 (Peltier, 2004). Simulation 10 adopts the
ANU ice history, spherically averaged viscosity structure
characterized by upper and lower mantle viscosities of
1.5 x 10?° Pa s and 5 x 10?* Pa s, respectively, and a global
average lithospheric thickness of 48 km (Lambeck et al.,
2014). Simulations 9 and 10 have lateral viscosity variations
that are tuned to be comparable to the variations in Siml
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FIG. S1. Estimates of the emergence date of Akimiski Island from the 10 GIA
simulations based on 3-D Earth models described in the Appendix.
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FIG. S2. Predictions of RSL change in western James Bay over the past 8
kyr generated using all 10 GIA simulations described in the main text and
appendix, superimposed on observational constraints compiled by Vacchi
et al. (2018) in their (western James Bay) Region #3. The predictions are
generated at a site located at the mean position of all sites in Region #3.
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(Fig. 5B—D). In all 10 cases, the Laurentide ice history is
scaled to match the GPS-derived uplift rate at Moosonee
(9.3 £ 0.3 mm/yr; NRC, 2003; Tsuji et al., 2016).

Figure S1 provides estimates of the emergence time
of Akimiski Island (in years before present) for all 10
simulations. These estimates show reasonable consistency
and range from 1870—2083 yrs. Their mean value, with
one standard deviation uncertainty, is 1985 + 78 yrs. In the
main text, we cite an uncertainty of 2000 & 100 yrs.

Figure S2 shows predictions of relative sea level (RSL)
change over the past 8 kyr in western James Bay for all
10 simulations superimposed on a composite RSL history
compiled by Vacchi et al. (2018; Region 3). The predictions
are consistent with the observations and they capture the
extent of uncertainty explicit in the RSL record.

REFERENCES

Auer, L., Boschi, L., Becker, T.W., Nissen-Meyer, T., and Giardini,
D. 2014. Savani: A variable resolution whole-mantle model
of anisotropic shear velocity variations based on multiple
data sets. Journal of Geophysical Research Solid Earth
119(4):3006—-3034.
https://doi.org/10.1002/2013JB010773

Conrad, C.P., and Lithgow-Bertelloni, C. 2006. Influence of
continental roots and asthenosphere on plate-mantle coupling.
Geophysical Research Letters 33(5), L05312.
https://doi.org/10.1029/2005GL025621

French, S., Lekic, V., and Romanowicz, B. 2013. Waveform
tomography reveals channeled flow at the base of the oceanic
asthenosphere. Science 342(6155):227-230.
https://doi.org/10.1126/science.1241514

Hoggard, M.J., Czarnota, K., Richards, F.D., Huston, D.L.,
Jaques, A.L., and Ghelichkhan, S. 2020. Global distribution
of sediment-hosted metals controlled by craton edge stability.
Nature Geoscience 13:504-510.
https://doi.org/10.1038/s41561-020-0593-2

Lambeck, K., Rouby, H., Purcell, A., Sun, Y., and Sambridge, M.
2014. Sea level and global ice volumes from the Last Glacial
Maximum to the Holocene. Proceedings of the National
Academy of Sciences 111(43):15296—15303.
https:/doi.org/10.1073/pnas.1411762111

NRC (Natural Resources Canada). 2003. Passive control networks:
Canadian Base Network. Ottawa, Ontario: NRC.
https://webapp.geod.nrcan.ge.ca/geod/data-donnees/passive-
passif.php?network=cbn&locale=en

Peltier, W.R. 2004. Global glacial isostasy and the surface of the
ice-age Earth: The ICE-5G (VM2) model and GRACE. Annual
Review of Earth and Planetary Sciences 32:111—149.
https://doi.org/10.1146/annurev.earth.32.082503.144359

Peltier, W.R., Argus, D.F., and Drummond, R. 2015. Space
geodesy constrains ice age terminal deglaciation: The global
ICE-6G_C (VM5a) model. Journal of Geophysical Research
Solid Earth 120(1):450—487.
https://doi.org/10.1002/2014JB011176

Richards, F.D., Hoggard, M.J., White, N., and Ghelichkhan, S.
2020. Quantifying the relationship between short-wavelength
dynamic topography and thermomechanical structure of the
upper mantle using calibrated parameterization of anelasticity.
Journal of Geophysical Research Solid Earth 125(9):
€2019JB019062.
https://doi.org/10.1029/20197B019062

Ritsema, J., Deuss, A., van Heijst, H.J., and Woodhouse, J.H. 2011.
S40RTS: A degree-40 shear-velocity model for the mantle
from new Rayleigh wave dispersion, teleseismic traveltime and
normal-mode splitting function measurements. Geophysical
Journal International 184(3):1223—1236.
https://doi.org/10.1111/j.1365-246X.2010.04884.x

Tsuji, L.J.S., Daradich, A., Gomez, N., Hay, C., and Mitrovica,
J.X. 2016. Sea level change in the western James Bay region of
subarctic Ontario: Emergent land and implications for Treaty
No. 9. Arctic 69(1):99-107.
https://doi.org/10.14430/arctic4542

Vacchi, M., Engelhart, S.E., Nikitina, D., Ashe, E.L., Peltier, W.R.,
Roy, K., and Horton, B.P. 2018. Postglacial relative sea-level
histories along the eastern Canadian coastline. Quaternary
Science Reviews, 201:124—146.
https://doi.org/10.1016/j.quascirev.2018.09.043

Watts, A.B. 2001. Isostasy and flexure of the lithosphere.
Cambridge: Cambridge University Press. 480 p.


ttps://doi.org/10.1002/2013JB010773
ttps://doi.org/10.1029/2005GL025621
ttps://doi.org/10.1126/science.1241514
ttps://doi.org/10.1038/s41561-020-0593-2
https://doi.org/10.1073/pnas.1411762111
ttps://webapp.geod.nrcan.gc.ca/geod/data-donnees/passive-passif.php?network=cbn&locale=en
ttps://webapp.geod.nrcan.gc.ca/geod/data-donnees/passive-passif.php?network=cbn&locale=en
ttps://doi.org/10.1146/annurev.earth.32.082503.144359
ttps://doi.org/10.1002/2014JB011176
ttps://doi.org/10.1029/2019JB019062
ttps://doi.org/10.1111/j.1365-246X.2010.04884.x
https://doi.org/10.14430/arctic4542
https://doi.org/10.1016/j.quascirev.2018.09.043

