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6. Figure S1 shows the 1-dimensional (1D) regions of ice shelf flow on Ross and Larsen16

C ice shelves.17

7. Figure S2 shows the effect of padding mélange ice thickness with locally-averaged18

unbroken ice thickness.19

8. Figure S3 is the same as Figure 3 in the main text, except on Larsen C.20

9. Figures S4 and S10 contain the estimates of stress in the extensional, approximately21

1D regions that do not contain rifts assuming linear and Robin temperature profiles,22

respectively.23

10. Figure S5 visualizes Nye’s Zero-Yield Stress theory.24

11. Figure S6 shows examples of the linear and Robin temperature profiles used in this25

study.26

12. Figures S7 and S8 are the same as Figures 3 and S3, except that they use a Robin27

temperature profile instead of a linear temperature profile.28

13. Figure S9 is the same idea as Figure 4, except that approximate rift stress estimates29

are included and both linear and Robin temperature profiles are shown.30

14. Figure S11 contains upper bound estimates of measurement uncertainty on Ross31

and Larsen C ice shelves from remote-sensed data products.32

S1 Methods33

To create rift prediction maps, several important steps must be made to ensure sensible34

and causal predictions. First, we must validate that the areas containing rifts are in regions35

that largely obey the 1-dimensional (1D) extensional background flow assumptions of the36

fracture theories assessed in this study. To do so, we use automatic differentiation to37
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construct strain rate fields based on MEaSUREs ice shelf velocity data (Rignot et al.,38

2011; Mouginot et al., 2012, 2017; Rignot et al., 2017).39

To determine if the 1D fracture theory assumptions are upheld, we utilize the criterion40

that the normalized resistive stress difference between that of the SSA solution and that41

assuming 1D flow is within 10%,42

|R
SSA

xx −R
1D

xx

R
1D

xx

| ≤ 0.1, (S1)

where R
SSA

xx = Bϵ̇
−1+ 1

n
e (2ϵ̇xx + ϵ̇yy) and R

1D

xx = 2Bϵ̇
1
n
xx. This equation can be simplified43

and written in terms of dimensionless measures of strain rate,44

|
(
1 + α2 + α + ξ2

) 1
2n

− 1
2

(
1 +

α

2

)
− 1| ≤ 0.1, (S2)

where the first term with α = ϵ̇yy
ϵ̇xx

and ξ = ϵ̇xy
ϵ̇xx

comes from the second invariant of the strain45

rate tensor under the 3D incompressible condition and assumption of negligible vertical46

shear stresses. Thus, while one could calculate the depth-averaged ice hardness B̄ (T )47

assuming some vertical temperature profile, this is unnecessary as this term cancels and48

does not appear in equation (S2). Figure S1 shows the region which satisfy the criterion49

(S2), from which we may select our rifts.50

Second, the rifts identified by (Walker et al., 2013) in these regions must have their51

thickness values padded to an estimate of the unbroken state thickness. These rifts are52

currently filled with a conglomerate ice material composed of sea ice, snow, and ice shelf53

fragments, collectively referred to as ice mélange (Rignot & MacAyeal, 1998; MacAyeal54

et al., 1998; Hulbe et al., 1998). Since our goal is to predict if the observed rift could have55

formed, rather than the stability of the mélange in the rift, we need to estimate the state56

of the unbroken ice. Here, we generate bounding boxes around rifts of interest and infill57
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the mélange thickness with an average of the local unbroken ice thickness in BedMachine58

Version 2 (Morlighem, 2020; Morlighem et al., 2020), as shown in Figure S2. Combined59

with the map of regions that uphold the 1D extensional flow assumption of our fracture60

theories in Figure S1, we generate rift prediction maps in Figures 3 and S3.61

The caveat to this method is that in the absence of remotely sensed data on the time-62

dependent evolution of basal crevasses into rifts, strain rates and temperature profiles at63

the time of the basal crack to rift transition remain unknown. We present an analysis of64

time series data in Text S2, but this data is largely unavailable for many existing rifts.65

As such, we utilize the modern values of surface temperatures and strain rates from (van66

Wessem et al., 2018) and (Wearing, 2017), acknowledging that these may have changed67

since rift formation. We note that the 1/n exponent dependence of strain rate given68

Glen’s flow law in equation (3) shields the resistive stress from strain rate changes, thus69

decreasing the sensitivity to precise strain rate estimates.70

Due to the uncertainty associated with the temperature and strain rate evolution since71

the time of rift formation, we construct data sets of stress estimates on the non-rift ice72

shelf regions, as shown in Figure S4. The advantage of these data sets is that they do not73

have the time-evolution problem of rift data sets. Therefore, given our methods, we have74

more confidence in a theory that correctly predicts many rifts and minimally overpredict75

rifts than a theory which correctly predicts most or all rifts while overpredicting rifts in76

non-rift regions. In our work, this emphasizes that LEFM with depth-averaged resistive77

stress (Zarrinderakht et al., 2022) has too low of a threshold for rift initiation.78
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We note that since (Walker et al., 2013) do not necessarily identify all rifts in their rift79

catalog, there could be rifts included in our non-rift region data sets. To help remove80

rifts not classified by (Walker et al., 2013) in the non-rift regions of Figure S4, we exclude81

data that would unanimously be predicted a rift in every fracture theory presented in82

this study. As such, we take the highest stress threshold for rifting in Nye’s Zero-Stress83

theory with isothermal depth-averaged resistive stress, R
∗
xx/R

IT

xx = 2. This is reflected in84

the magnitude of the color bar of Figure S4.85

S2 Temporal Observation of a Basal Crevasse to Rift Transition86

Figures 1 c) and e) show the ratio of depth-averaged resistive stress to isothermal87

ice tongue resistive stress Rxx/R
IT
xx over Pine Island Ice Shelf in January and May88

2019 respectively. The resistive stress was found using eq. (7) with along-flow strain89

rates estimated from 200 × 200 m resolution, monthly-averaged ice velocity observa-90

tions made using feature tracking applied to Sentinel-1 image pairs (Wuite et al., 2021)91

(https://cryoportal.enveo.at/data/). The strain rate components were calculated via nu-92

merical differentiation of the easting and northing velocities using methods developed in93

Chartrand (2017). Estimates of ice shelf thickness were according to BedMachine version94

2 (Morlighem, 2020), and the temperature profile was assumed to be linear between −2◦C95

at the ice shelf base and temperature given by RACMO (van Wessem et al., 2018) at the96

surface. The accompanying satellite images shown in d) and f) are geocoded, multi-looked97

and radiometrically terrain-corrected Single-Look Complex backscatter data from the Eu-98

ropean Space Agency and European Commission Copernicus’ Sentinel-1 satellites - shown99

at 50 m resolution.100
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These show the concurrent evolution of the ratio of stresses near the terminus of the ice101

shelf alongside the evolution of a rift, likely from a central basal crevasse (Jeong et al.,102

2016), that eventually led to the calving of the B49 iceberg in February 2020. We see clear103

changes to the along-flow strain rates over the rift as it widens and propagates laterally.104

This provides a motivating example for determining stress conditions under which basal105

crevasses transition into rifts, such as those discussed in this article. However, Figures 1106

c) and e) show that we measure stress ratios below those required for full-thickness rifts107

according to each of the theories discussed in this article. I.e. the stress ratio over the rift108

that is clearly visible by May 2019 (fig. 1 f) is below the value of 1 predicted by Nye’s Zero-109

Yield Stress criterion, modified to maintain horizontal force balance (eq. (16)). However,110

Figure 1 should not be seen as an example aimed at validation of one of the theories111

considered here, merely as motivation for the work. In part, this is because the central112

part of Pine Island Ice Shelf does not conform to the assumption of one-dimensional flow113

(eq. (S2)) (though the speed of the ice tongue varies little laterally, the flow is dominated114

by advection and across-flow strain rates are similar in magnitude to along-flow strain115

rates), nor is the ice shelf cavity necessarily hydrostatic with temperature T = −2◦C.116

Additionally, by using satellite-derived measures of ice velocity averaged over monthly117

intervals, we cannot hope to capture the maximum strain rates over a crevasse of this118

scale as the data is too limited in both spatial and temporal resolution. In the future, a119

validation of the theories discussed in this article using time series of strain rate or stress120

data should be carried out with the use of higher-resolution satellite data or data collected121

on the ground, e.g. with the use of an ApRES system (Nicholls et al., 2015). Similarly,122
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it is not possible to accurately determine when the crevasse transitioned into a rift from123

satellite images alone, or whether it was ever a basal crevasse at all. Future work that124

aims to use time series data should do so in conjunction with other datasets that provide125

further information on the type of crevasse under consideration.126

S3 Nye’s Zero-Stress for Rift Formation via Basal Crevasses127

Nye’s Zero-Yield Stress (Nye, 1955) argues that a vertical crack will propagate so long128

as there is no net compression of the net longitudinal stress σn at the crack tip. Written129

mathematically, the Zero-Yield Stress condition (σc = 0) claims that a crack propagates130

when131

σn ≥ σc. (S3)

Under Nye’s theory, a basal crevasse will form a rift when the criterion (S3) holds for all132

depths. The criterion can also be re-written in terms of a dimensionless resistive stress,133

with z = 0 at the bottom of the ice,134

Rxx

(ρw − ρi) gH
≥
{ z

H
0 ≤ z

H
≤ ρi

ρw
(below sea level)

ρi
ρw−ρi

(
1− z

H

)
ρi
ρw

≤ z
H

≤ 1 (above sea level)
(S4)

as visualized by the red dotted lines in Figure S5, which allows us to determine basal135

crevasse depth and rift formation.136

Since Nye’s original theory has zero material strength, the minimum required resistive137

stress to form a rift is defined by equation (S4). If the resistive stress is not in net tension138

at the ice shelf base, no basal crevasse is predicted. If the resistive stress is in net tension139

at the base but becomes less than the dotted red curve in Figure S5 at a larger height140

z > 0, the point of equality below sea level is the basal crevasse depth. For example,141

if the resistive stress takes the value shown by the dashed green line of Figure S5, a142
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basal crevasse would propagate up to a depth about 60% of the unbroken ice thickness.143

However, resistive stresses that are greater than or equal to the dotted red curve for all144

heights will form rifts because basal crevasses can propagate all the way to the surface.145

Figure S5 clearly demonstrates the underestimation of rifts when depth-averaged resistive146

stress theories, the dashed lines, are used instead of their depth-dependent counterparts,147

the solid curves.148

Next, we develop the mathematical expression for the rift initiation stress threshold of149

Nye’s theory. These expressions are plotted in dashed blue and solid green in Figures 4150

and S9. Taking the assumption that the second invariant of strain rate is approximately151

the along-flow strain rate for consistency with LEFM, the rift formation criteria given152

isothermal, depth-averaged resistive stress can be written as a dimensionless stress ratio,153

Rxx

R
IT

xx

≥ 2, (S5)

with R
IT

xx = 1
2

(
1− ρi

ρw

)
ρigH the depth-averaged ice tongue resistive stress. This equation154

can be understood visually from Figure S5 as the corner of the dotted red curve located155

on the x-axis at Rxx

(ρw−ρi)gH
= ρi

ρw
≈ 0.89, which is equivalent to (S5). Similarly, in the156

depth-dependent case, we have that157

Rxx

R
IT

xx

≥ 2
ρw
ρi

d∗b
H

B̃(T )

B̃(T (
d∗b
H
))
. (S6)

Here B̃ (T ) = B (T ) /B (T = −2◦C) is the dimensionless ice hardness, B̃ (T ) is the depth-158

averaged dimensionless ice hardness, and d∗b is the unstable basal crevasse depth at which159

a basal crevasse will propagate to form a rift. The unstable basal crevasse depth d∗b160

depends upon temperature gradient and the prescribed stresses. For isothermal ice, the161

unstable basal crevasse height is sea level without tides, d∗b = ρi
ρw
H, and we also have162
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B̃ (T ) = B̃(T (
d∗b
H
)) so the above equation (S6) reduces to the depth-averaged case in163

equation (S5). For vertical temperature profiles that become colder towards the ice shelf164

surface, the unstable basal crevasse depth d∗b can decrease. Given the ice hardness function165

of (LeB. Hooke, 1981) and a linear temperature profile from Tb = −2◦C at the base, the166

unstable basal crevasse depth d∗b falls below sea level for surface temperatures at least as167

cold as Ts = −25◦C in Nye’s original theory as well as Nye’s with HFB, as shown with168

the blue curves of Figure 2(a) with Ts = −32◦C.169

S4 Derivation of Nye’s with Horizontal Force Balance170

Here we demonstrate how Nye’s theory does not uphold horizontal force balance on an171

isothermal ice shelf through an Eulerian control volume argument based on (Buck, 2023),172

also see Section 2.3. The main argument of the control volume approach, as has been173

applied by (Weertman, 1957) and (Jezek, 1984) to solve for the net tension we call R
IT

xx at174

ice fronts, is Newton’s Second Law. The sum of the forces acting on the control volume175

are equal to the product of mass and acceleration of fluid entering the control volume. In176

our case, there is no net acceleration of fluid into or out of the control volume, and the177

shear stresses on surface and bottom boundaries are negligible. Thus, we can write the178

horizontal force balance for a control volume between a crevassed location x = xc and an179

uncrevassed downstream location x = xc +∆x as180 ∫ H

0

[σxx (xc +∆x, z)− σxx (xc, z)] dz = 0. (S7)

The horizontal force balance model for an isothermal ice shelf was developed in (Buck,181

2023) and is summarized below. At the downstream location x = xc + ∆x that is suffi-182

ciently far away from the bending stresses near the ice front (Reeh, 1968; Wagner et al.,183
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2016), we have184

σxx (xc +∆x, z) = −ρig (H − z) +Rxx (xc +∆x) . (S8)

At the crevassed location, we will follow Nye’s Zero-Yield Stress assumption and have185

dual surface and basal crevasses with depths ds and db,186

σxx (xc, z) =

 0, H − ds ≤ z ≤ H
−ρig (H − z) +Rxx (xc) db ≤ z ≤ H − ds
−ρwg (zh − z) , 0 ≤ z ≤ db

 . (S9)

Note that the stresses cannot be the same at both locations, or σxx (x = xc) ̸=187

σxx (x = xc +∆x), because the intact ice is effectively thinner at the crevassed location.188

If we were to evaluate the force balance of equation (S7) with the incorrect assumption189

of σxx (x = xc) = σxx (x = xc +∆x), the crack depths would be twice as deep as that of190

Nye’s original theory,191

ds =
2Rxx

ρig
, db =

2Rxx

(ρw − ρi) g
, (S10)

and the stress distribution at the surface crevasse tip would not be continuous, σxx(z =192

H − ds) = −ρigds +Rxx ̸= 0. Thus, to satisfy a continuous stress at the surface crack tip,193

we have194

Rxx (x = xc) = ρigds. (S11)

Similarly, using stress continuity at the basal crack tip gives a relation between surface195

and basal crack depths,196

(ρw − ρi) db = ρids. (S12)

With the crack depth relation in equation (S12), plugging the stress definitions in equa-197

tions (S8), (S9), (S11) into the force balance condition of equation (S7) yields the analyt-198
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ical crack depth predictions of (Buck, 2023) for an isothermal ice shelf,199

db
H

=
ρi
ρw

(
1−

√
1− Rxx (xc +∆x)

R
IT

xx

)
,
ds
H

=

(
1− ρi

ρw

)(
1−

√
1− Rxx (xc +∆x)

R
IT

xx

)
.

(S13)

For more insight into the role of temperature dependence, we now specify the form200

of equations (14) and (15) for a simplified, approximate ice hardness function and lin-201

ear vertical temperature gradient. In equation (4), the second term in the brackets,202

−C/ (Tr − T )k, is two to three orders of magnitude smaller than the first term, T0/T .203

Similarly, with temperature T (z̃) = Tb [1− (1− Ts/Tb) z̃] in Kelvin, the gradient term204

(1− Ts/Tb) z̃ is at least an order of magnitude smaller than unity, so we may Taylor ex-205

pand the exponent to first order in (1− Ts/Tb) z̃. We define the approximated ice hardness206

function Ba with these two simplifications,207

Ba (T (z̃)) ≈ B0 exp

[
T0

Tb + (Ts − Tb) z̃

]
≈ B0 exp

[
T0

Tb

]
exp

[
z̃

z̃0

]
, (S14)

with the dimensionless e-folding decay length scale z̃0 ≡
(

T0

Tb

(
1− Ts

Tb

))−1

. Therefore, the208

crevasse depth relation of equation (14) may be written as209

d̃b = d̃s
ρi

ρw − ρi
exp

−
(
1− d̃s − d̃b

)
z̃0

 , (S15)

and the horizontal force balance of equation (15) may be written as210

Rxx

R
IT

xx

=
ρw

ρw − ρi
d̃2s +

ρw
ρi

d̃2b +
d̃s

1
2

(
1− ρi

ρw

) z̃0
1− exp

−
(
1− d̃s − d̃b

)
z̃0

 . (S16)

Even with the simplified ice hardness, these equations (S15) and (S16) are not alge-211

braically solvable due to the nature of the Arrhenius equation. Although the result in-212

cluding vertically-varying temperature requires numerical treatment, the rift initiation213

stress threshold produced using (LeB. Hooke, 1981)’s ice hardness function is within 0.1%214
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of the analytical isothermal solution R∗
xx

R
IT
xx

= 1 for all surface temperatures used for both215

linear and Robin (Text S5) temperature profiles. Therefore, we can well-approximate the216

rift initiation stress threshold as that of a freely-floating ice shelf without buttressing, i.e.217

R
∗
xx

R
IT

xx

= 1. (S17)

S5 Result Robustness: Robin Temperature Profile and Uncertainty Estimation218

To confirm the robustness of our results given our data sources, we run through the219

analyses of this paper assuming a Robin temperature profile (Robin, 1955). While this220

solution is strictly valid for an ice divide, the curvature of the profile may be more appro-221

priate compared to borehole data in some cases than a linear temperature profile (Thomas222

& MacAyeal, 1982; Rist et al., 2002; Tyler et al., 2013; Craven et al., 2009; Sergienko et223

al., 2013). Further, the goal of this exercise is not to create highly realistic temperature224

profiles by modeling the computationally expensive temperature evolution and advection225

from ice divides to ice shelves, but is instead meant as a sensitivity test of the results to226

the assumed temperature profile. As with the example plotted in Figure S6, the Robin227

family of temperature profiles have the form228

T (z̃) = Ts +
q

k

√
πκHd

2ȧ

[
erf

(√
ȧHd

2κ

)
− erf

(
z̃

√
ȧHd

2κ

)]
, (S18)

with surface temperature Ts, thermal diffusivity κ ≡ k
ρicp

≈ 10−6m2/s defined by thermal229

conductivity to ice density and specific heat of ice, rescaled vertical coordinate z̃ = z
H

230

with value 0 at the ice base and 1 at the surface, basal heat flux q, ice divide thickness231

Hd ≈ 1000 m, and snowfall rate ȧ ≈ 0.1 m/yr based on (Fowler & Ng, 2020). We note232

that the influence for setting the ice divide thickness Hd is to match the (Sandhäger et233

al., 2005) profile, used to study the Larsen B breakup, near sea level as demonstrated in234
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Figure S6. We choose for the temperature profiles to match near sea level, as this region235

is important in determining if basal crevasses propagate to form rifts. Considering the236

ice-ocean temperature at the bottom of ice shelf Tb = −2◦C, we have237

Tb = Ts +
q

k

√
πκHd

2ȧ
erf

(√
ȧHd

2κ

)
, (S19)

Substituting (S19) into (S18) gives a simple form of the Robin profile,238

T (z̃) = Ts + (Tb − Ts)

1−
erf

(
z̃
√

ȧHd

2κ

)
erf

(√
ȧHd

2κ

)
 . (S20)

The remainder of the analyses for each theory is the same as presented in the body of239

this paper, with the exception that we include approximate stress in rifts in Figure S9240

for linear and Robin temperature profiles. Viewing Figures S7, S8, S9, and S10, we see241

that the results have the same form in the Robin temperature profile case as the linear242

temperature profile case. Not only do the rift formation stress curves with linear and243

Robin temperature profiles in Figure S9 have similar form, but the relative accuracy of244

each theory is comparable in Figures S7, S8 versus 3, S3. Additionally, while there is245

slight surface temperature dependence to Nye’s with Horizontal Force Balance with a246

linear temperature profile in Figure S9, the solution with a Robin temperature profile has247

the stress threshold of a freely-floating ice tongue for all surface temperatures sampled,248

making the stress threshold the same as the depth-averaged formulation of (Buck, 2023).249

Due to the colder temperatures and subsequent larger stress, the non-rift ice shelf data in250

Figure S10 may suggest a rift formation stress at or slightly larger than predicted by Nye’s251

with Horizontal Force Balance on Larsen C. Overall, the conclusions of the paper with252
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a linear temperature profile are unchanged given our estimate of a Robin temperature253

profile.254

A discussion of result robustness is incomplete without considering the uncertainty in255

data products. The largest data uncertainty comes from the measurements of ice thickness256

(Morlighem, 2020; Morlighem et al., 2020), where the uncertainties in our regions of257

interest are 100 meters for the majority of the RIS, or around a third of the ice thickness,258

and around 30 meters for the LCIS, or about a tenth of the ice thickness. Alone, one259

standard deviation of this uncertainty would shift the data points up or down by about260

a third for RIS data or about a tenth for LCIS data on Figures 4, S9. As such, we look261

at LCIS for result robustness. Importantly, if the ice shelf data of interest is governed by262

the 1D SSA momentum equation (MacAyeal, 1989),263

∂x
(
HRxx

)
= ρigH

(
1− ρi

ρw

)
∂H

∂x
, (S21)

then the depth-averaged resistive stress scales linearly with H. To compute uncertainty264

accurately for dependent variables, we would have to use covariance (Taylor, 1982); how-265

ever we cannot meaningfully compute the covariance for each pixel of ice shelf data, and266

so we estimate the upper bound on uncertainty σβ with267

σβ ≤

√√√√∑
i

(
∂β

∂xi

σxi

)2

= β

√(σH

H

)2
+

(
σϵ̇xx

nϵ̇xx

)2

+

(
∂B(T ∗)

∂T ∗
σT ∗

B(T ∗)

)2

. (S22)

Here, our variable of interest is the dimensionless resistive stress β = Rxx/R
IT

xx . The un-268

certainties in thickness, strain rate, and equivalent temperature are σH , σϵ̇xx , and σT ∗ , with269

equivalent temperature T ∗ defined as the temperature at which B = B (T ∗) (Sergienko,270

2014). We take the strain rate uncertainty associated with 20km from the ice front from271

Table C.1 of (Wearing, 2017) and apply this to the whole ice shelf. Given that we do not272
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have defined uncertainties associated with equivalent temperature, we estimate σT ∗ = 3K273

from the uncertainty range associated with modeled and observed RACMO surface tem-274

perature data in Figure 3a of (van den Broeke, 2008). In this calculation, we assume the275

Robin temperature profile in our ice hardness and equivalent temperature calculations,276

as we do not expect profiles warmer than linear, but this choice is negligible in the final277

results.278

We plot the upper bound of dimensionless resistive stress uncertainty σβ in Figure S11.279

Given the distributions of these datasets have some large outliers that skew the mean, we280

report the estimated median uncertainties for RIS and LCIS are σβ = 0.27 and σβ = 0.14,281

respectively. The RIS median uncertainty is large as anticipated, and the LCIS median282

uncertainty is comparable to the difference between LEFM with Rxx(z) and Nye’s with283

Horizontal Force Balance given the temperatures on LCIS (see red and cyan curves on284

Figures 4, S9). Therefore, more precise measurements of ice thickness, strain rate, and285

temperature are needed to further observationally constrain the optimal theory for tensile286

rift initiation from basal crevasses.287
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Figure S1. Regions where the background viscous ice flow is approximately 1D based

on equation (S2). Rifts in these regions are regarded as having formed due to 1D tension,

called Mode I failure. The color scale is dimensionless strain rate deviation from 1D flow

as in equation (S2), and the axes are in units of meters.
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Figure S2. Mélange padding in kilometers with local, unbroken ice thickness on the RIS

and LCIS. Subfigures a) and c) are the original data products from BedMachine2, while

subfigures b) and d) are the mélange-padded results used in this study to see if fracture

theories can correctly predict rifts in areas where they are known to have occurred. LCIS

thickness has an upper bound of 300 meters in the color bars of subfigures c) and d) to

enhance the visibility of padded rifts.
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Figure S3. Same as Figure 3, except on LCIS.
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Figure S4. Extensional, approximately 1D regions of RIS and LCIS that exclude both

observed rifts and rifts predicted by a resistive stress greater than twice the freely-floating

resistive stress. The color shows the magnitude of Rxx/R
IT

xx .
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Figure S5. Visualizing Nye’s Zero-Yield Stress condition. The dotted red curve, defined

by the piecewise distribution in equation (S4), is the magnitude of the lithostatic pressure

minus water pressure that opposes fracture; the intersection below sea level of a given

resistive stress with the dotted red curve determines basal crevasse depth. Solid curves

utilize Rxx(z), whereas dashed lines utilize Rxx. Green curves with surface temperature

Ts=−22◦C are the reference for cyan and magenta curves; cyan curves utilize Ts=−32◦C,

and magenta curves have along-flow strain rate doubled. Depth-averaged resistive stresses

have unstable basal crevassing occur only at sea level, and may be solved for analytically;

vertical temperature profiles may have crevasses unstably propagate before sea level, and

require numerical treatment.
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Figure S6. Theoretical ice shelf temperature profiles. The body of the paper uses a

linear temperature profile, while this Appendix section treats a Robin profile.
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Figure S7. The same map view plot in kilometers as Figure 3, except that a Robin

temperature profile is taken to generate the rift formation stresses and assumed in calcu-

lating the value of stress in the data.
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Figure S8. Following Figure S7, we use the same concept as Figure S3, except that a

Robin temperature profile is used to generate the rift formation stresses and assumed in

calculating the stress values of the data.
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Figure S9. The same idea as Figure 4, except that we include approximate rift

stress data and evaluate linear and Robin temperature profiles for generating the depth-

dependent rift formation stresses (green, cyan, and red curves). Relative to the linear

temperature profile, the Robin profile raises the value of the resistive stresses in the rifts

and non-rift ice shelf data sets (black and orange data, respectively), but has a negligible

effect on the rifting stress threshold curves. Nye’s with Horizontal Force Balance is a much

more accurate rift initiation theory compared with Nye’s original theory, and is largely or

fully insensitive to surface temperature assuming a linear or Robin profile. This provides

robustness, as the same conclusions are drawn with either a linear or Robin temperature

profile.
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Figure S10. The same as Figure S4, except that the Robin temperature profile raises

the value of the depth-averaged resistive stress relative to the linear temperature profile.

Figure S11. Estimates of dimensionless resistive stress uncertainty σβ defined in equa-

tion (S22) on RIS and LCIS, with thickness padded for known rifts. The small uncertainty

on LCIS provides more confidence in our work. The color scale is capped at σβ = 1, while

there are a few outliers due to thickness uncertainty being comparable or larger than ice

thickness.
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