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Supplementary Figure 1. Dependency of maximum ablation rates on surface albedo and atmospheric CO;
concentrations
a) Simulated annual mean glacier ablation rates as a function of atmospheric CO, concentration (pCO;) and surface albedo (o).
Rates show the average over the 18.75°-wide latitudinal band (about 2000 km) in which maximum ablation rates were
simulated. Grey circles indicate the combinations of & and pCO; that are presented in detail in sub-plots b-i. b) Rate of glacier
accumulation simulated for o = 0.77 and pCO, = 40 mbar. ¢) same as b but for pCO, = 360 mbar. d) same as b but for @ =
0.68 and pCO; = 40 mbar. e) same as d but for pCO, = 360 mbar. f) same as b but for @ = 0.66 and pCO, = 140 mbar. g) same
as f but for pCO, = 220 mbar. h) same as b but for & = 0.57 and pCO; = 0.4 mbar. i) same as & but for pCO; = 20 mbar. The
simulations were carried out using the MPI-ESM1.2! with prescribed surface albedos (see sec. M1, M2). The grey boxes in
sub-figurers b-i indicate the location of the latitudinal band where the maximum ablation rates are simulated. Note that color
shading in panels b-i have variable ranges.
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Supplementary Figure 2. Surface dynamics in the tropics for varying dust deposition rates and CO; levels

a) Simulated annual mean snowfall rates in the tropical ablation zone as a function of pCO,, dust deposition fluxes and the
resulting annual mean albedo. The values are representative for a 18.75°-wide latitudinal band in the equatorial regions
between roughly 10.°N and 10.°S. b) Same as a but for sublimation. ¢) Same as a but for snow and ice melt. d) Same as a but
for the ratio of precipitation and abltion, i.e. the sum of sublimation and melt flux. €) Same as a but for snow age, i.e. average
of the snow ages of the main and the top-layer, weighted by the fraction that is exposed to the atmosphere. Note that the snow
age is a dimensionless factor, where an age of 0 corresponds to fresh snow and an age of 1 to old, darkened snow. f) Same as a
but showing the annual minimum albedo (monthly mean). The simulations were carried out using the MPI-ESM1.2! with an
adapted snow-albedo scheme that estimates the albedo based on snow-age and surface temperatures and separates the snowpack
into a top- and a main-layer (see sec. M1, M2).
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Supplementary Figure 3. Surface dynamics in the extratropics for varying dust deposition rates and CO; levels
Same as figure 2, but showing values representative of an 18.75°-wide latitudinal band roughly between 30.°S and 50.°S.
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Supplementary Figure 4. Observed clay drapes
From 30 well-studied snowball Earth field sites for which detailed stratigraphic information is available or the boundaries
between glacial and postglacial formations have explicitly been described, only two exhibit distinct clay deposits between the
characteristic diamicite and overlying carbonate layers. One of these sites is located at the Marinoan paleoequator (L1), the
other around 45° (SC1). One more occurrence of clay drapes, at around 30° (ES1), was reported, but never formally described
in the peer reviewed literature. Thus, only one reported occurrence of a distinct clay layer can be placed within the latitudinal
range that models identified as the tropical ablation zone, i.e. below 10°2, while one, possibly two, occurrences are located even
beyond the main accumulation zones that extend between roughly 10° and 20°. When assuming that dust might present itself as
a thin siltstone layer or inter-bedded silt-carbonate structures, two more sites, at 15° (O1) and 30° (A1), may indicate
pronounced dust-flushings during deglaciation, none of which likely occurred within the tropical ablation zone. Several studies
have identified discrete ash depositions within the glacial stratifications and at least at one of these sites the ash presents itself
as a widespread layer close to the glacial-postglacial boundary (C2). There are other instances where the diamicite is topped by
either siltstone (SF1), shale (SF1, G2) or fine siliclastics (AE2); however in these instances the layers are very thick and there is
no cap carbonate, making it extremely unlikely that they are the result of deglaciation dust-fluxes. While it is not impossible
that in some instances clay layers went unreported, most of the studies either describe the boundary between diamicite and cap
carbonate as very sharp or report the presence of other materials such as sandstone or ingneous rocks, making it unlikely that
clay drapes were merely overlooked. Thus, if a hard snowball Earth ever existed, geological evidence does not strongly indicate
the presence of extensive clay drapes, which suggests that a thick dust layer in the tropical ablation zone may not have occurred.
Note that the above maps are based on Li et al. (2013)? and Hoffman et al. (2017)* and an overview over the reviewed
publications is provided in the table 1.
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Supplementary Figure 5. Post-glacial sea-level histories

During the process of deglaciation, the combination of isostatic rebound and the reduced gravitational attraction of the
shrinking ice-sheet lowers (relative) regional sea-levels. In the early stages of the deglaciation this relative decline could have
offset the effect of the meltwater-induced global rise in sea-levels, resulting in a local regression’. In the case of a
spatially-variable deglacation this would result in pronounced regional differences in the syndeglaciation sea-level curves.
Regions with an early onset of deglaciation would show an initial regression followed by a transgression, while those regions
where deglaciation starts relatively late exhibit a rise in sea-levels which is either continuous or interrupted by a regression at a
later stage. For panels a-c, we adapted schematic sea-level curves from Creveling and Mitrovica (2014)°, based upon
stratigraphic sequences of the Marinoan deglaciation. Site a is an extratropical site located in present-day South Australia’-8,
site b a subtropical site on the Congo craton’ and site c is located in the tropical ablation zone on the Laurentia craton® — the
locations of the respective sites are indicated in the left panel of the figure. The post-glacial sea-level histories of these sites are
consistent with (but not necessarily unique to) a deglaciation that was triggered outside of the tropical ablation zone, with both
the extra-tropical sites showing an initial regression’, consistent with the initiation of deglaciation in the mid-latitudes, whereas
the tropical site merely shows a sustained transgression, consistent with a delayed onset of deglaciation® '°. However, a number
of additional factors will modify when and where sea-level rises during the deglaciation and other potential reasons exist that
could explain the particular sea-level histories, such as the sites’ position relative to the neighboring continental ice sheet or
spatial differences in ice sheet thickness. Thus a true test of our deglaciation-hypothesis requires a much more comprehensive
knowledge of post-glacial sea levels including a better constraint on the relative timing of transgressive and regressive
sequences.
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