[bookmark: _Hlk50643574]Supplementary Notes 1: Samples and methods
Samples: Previously published low-temperature thermochronological data of 55 samples from western and central Dronning Maud Land (DML)1,2  are re-evaluated in this study. The samples are mainly derived from the basement within the Archean Grunehogna Craton, the Mesoproterozoic Maud Belt and the Tonian Oceanic Arc Super Terrane (TOAST) at elevations between sea-level and c. 3000 masl (Fig. Supplementary Figure 1). Two of the samples from the southwestern Maud Belt (Heimefrontfjella) are granitic dropstones from the lowermost part of the Beacon sediments, obtained few meters above the Late Paleozoic paleosurface in Heimefrontfjella (c. 2100 masl).
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Supplementary Figure 1 – Sample locations. Location of samples from western1 and central2 Dronning Maud Land used in this study. The boundary between central DML and western DML is placed at 5 °E. Base map and inset were obtained from the Quantarctica package3. EAAO – East African-Antarctic Orogen; TOAST – Tonian Oceanic Arc Super Terrane.
Thermal history modeling: Thermal history modeling of the 55 samples was done in HeFTy (v. 1.9.14). For thermal history modeling of apatite fission-track data, confined track lengths were c-axis projected5, and the annealing model of  Ketcham et al.6 was applied. Track lengths were calibrated against the Durango standard 7, using a calibrated track length reduction factor of 0.998. 
The resulting models (Supplementary Notes 6) show good (goodness-of-fits ≥ 0.5) and acceptable (goodness-of-fits ≥ 0.05) t – T paths. The goodness-of-fit is calculated in HeFTy, using Kuiper’s statistics4. The ending condition for all thermal history models was set to 1000 acceptable paths found. Pre-existing thermochronological and geological data were included in the thermal history models as external t – T constraints (Supplementary Figure 2): 
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Supplementary Figure 2 – External constraints. External constraints used for thermal history modeling in this study. Note that constraint 4 and 5 have only been applied in western DML. See explanation below. 
1. Start: In southwestern DML, biotite and muscovite K – Ar data record temperatures of 300 – 350 °C at c. 500 Ma for the parts that experienced Pan-African overprint, and c. 975 Ma for the remaining areas8. For the remaining wDML, titanite fission-track ages indicate temperatures of c. 265 – 310 °C 9 at c. 345 Ma and c. 515 Ma in the western and eastern parts, respectively10. In central DML, we apply biotite 40Ar – 39Ar ages of c. 450 Ma11 as a starting point.
2. Paleosurface formation: Late Paleozoic sediments (including dropstone-bearing siltstones) unconformably overlying the Mesoproterozoic basement in Heimefrontfjella and Kirwanveggen (southwestern DML), indicating Late Paleozoic surface exposure at sea-level8,12. The presence of a similar paleosurface is reported from Gjelsvikfjella in the eastern parts of wDML13. However, these surfaces are not presently overlain by Permo-Carboniferous sedimentary rocks, and the age of these may therefore be ambiguous. In cDML, the mountain peaks define a gently southward-dipping enveloping surface, interpreted to represent the remnants of the paleosurface2. The temperature range for all following constraints, except the end-constraint, have been adjusted according to the distance of the sample at or below the assumed paleosurface, using a geothermal gradient of 25 °C/km.
3. Beacon sedimentation: Up to c. 160 m of Late Carboniferous – Early Permian Beacon sediments are present in southwestern DML14–17. Correspondingly, up to c. 3 km of Devonian – Triassic Beacon sediments are present in the Transantarctic Mountains 18 and up to c. 12 km of the equivalent Karoo Supergroup sediments are widespread on the conjugate margin in southeastern Africa19. Triassic surface temperatures of c. 25 °C have been used20. The same surface temperatures were assumed for Jurassic constraints.
4. Early Jurassic surface exposure: In outcrops in southwestern DML, the Mesoproterozoic basement is unconformably overlain by few meters of Beacon sediments, which again are covered by Jurassic continental flood basalts17,21. This documents significant pre-Jurassic erosion of Beacon sediments, and that the peneplain once again was located close to the surface during Early Jurassic times. This constraint has only been applied for wDML samples, as there is no comparable evidence of pre-Jurassic erosion for cDML. The models from cDML have therefore been given more freedom with respect to post-Permian cooling.
5. Jurassic continental flood basalts: Jurassic continental flood basalts are exposed in thicknesses of c. 400 – >1000 m in Vestfjella, wDML22,23, and up to c. 5 km of the equivalent Sabie River Basalt Formation is preserved in the Lebombo Monocline in southern Africa24. In DML, the eastern boundary of the basalts was probably located between 4 °E and 7 °C2 (Supplementary Figure 1). Thus, we only allow for reheating for samples located to the west of this boundary. As published titanite fission-track and mica K – Ar ages predate the Jurassic continental flood basalts, temperature did not exceed 300 °C during the Jurassic. The maximum temperature has therefore been limited to 300 °C. 
6. End: A surface temperature of – 25 °C is applied for all samples.
The main focus of thermochronological modeling in this study was to extract paleotemperatures at 34 Ma. t – T paths were exported from HeFTy as txt-files constraining variably spaced t – T points. An in-house-developed Python script was then used to interpolate between these points, and to extract the temperature at 34 Ma for all individual modeling paths. Furthermore, the unweighted mean temperature was calculated based on all good (goodness-of-fit ≥ 0.5) and acceptable (goodness-of-fit ≥ 0.05) paths. The temperatures for all individual modeled cooling path are plotted as kernel density distributions in Supplementary Notes 4 and Supplementary Notes 5. Each sample has been modeled twice in order to evaluate a potential bias on the temperature distribution that might have been introduced by the external constraints that were used: One unconstrained model allowing for monotonic cooling (with only start and end temperature ranges given), and one constrained model using the previously published constraints from western1 and central2 DML (Supplementary Notes 5, Supplementary Figure 3a and 3b). Temperatures at 34 Ma generally reproduce well for the unconstrained and constrained model runs (Supplementary Notes 5), although some samples show a slight shift in the temperature distribution (e.g., sample JJ1890). For most samples, no significant bias was observed, and we prefer the models with additional external constraints, since these take into account known geological events and are considered to be more realistic.
In order to test the effect of helium diffusion models for samples including (U – Th)/He data, three different helium diffusion models were tested for the constrained models: the Farley25 model, the Helium Trapping Model (HETM26) and the Radiation Damage Accumulation and Annealing Model (RDAAM27). A comparison of the temperature distribution at 34 Ma for the three diffusion models is shown in Supplementary Notes 4. For most samples, the temperature distributions are very similar for all three diffusion models. However, the RDAAM27 was the only model to produce results for all samples and has been used for the final modeling of all samples.
The obtained temperature distributions at 34 Ma show some variation with respect to skewness and kurtosis, reflecting the scatter of t-T paths at 34 Ma. The precision of the temperature estimates therefore varies, with one standard deviation (1σ) of modeled temperatures ranging from c. 2.5 °C to c. 18 °C. The samples with the lowest mean temperatures at 34 Ma generally have the highest standard deviations (Supplementary Figure 3b). This correlation was expected, since the sensitivity of the methods decreases at temperatures below the PAZ and PRZ, resulting in more poorly constrained models at lower temperatures.
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Supplementary Figure 3 – Modeled paleotemperatures. a) Comparison of unweighted mean temperatures between unconstrained and constrained thermal history models. All obtained mean temperatures from the constrained thermal history models overlap within 1σ with the corresponding mean temperatures from the unconstrained thermal history models. Error bars on the figure are 1σ. b) 1σ standard deviation of temperature distribution from constrained models. The uncertainty generally decreases with increasing mean temperature.
Calculation of pre-glacial overburden: Pre-glacial overburden thicknesses are calculated from the unweighted mean temperatures, based on interpolations from all individual paths (good and acceptable fits) at c. 34 Ma. Temperature distributions from good and acceptable paths for each sample are reported in Supplementary Notes 5. Different geothermal gradients have been applied for the different areas, depending on the type of overburden expected (i.e., basement, sediment or basalt). For continental flood basalts, a geothermal gradient of 50 °C/km is applied, based on the range of calculated geothermal gradients for the Deccan continental flood basalts (c. 35 – 80 °C/km28). For the basement and sedimentary rocks, we apply a geothermal gradient of 25 °C/km, based on previously calculated and applied geothermal gradients for Mesoproterozoic basement in DML (c. 23 – 28 °C/km29), Pan-African overprinted basement in Madagascar (c. 18 – 24 °C/km29) and Beacon sediments in the Victoria Basin in the Transantarctic Mountains (25 °C/km30). The paleosurface is used as a reference surface, assuming that the maximum thickness of additional basement rock (compared to today) corresponds to the vertical distance between the samples and the observed (western DML) and inferred (central DML) paleosurface. Overburden thicknesses exceeding the maximum thickness of basement rocks are attributed to continental flood basalts (western DML) or Beacon sediments (central DML). In order to test the calculations, the estimated overburden thicknesses to the sample elevations in two vertical profiles in Heimefrontfjella (wDML) and Gruberfjella (cDML). In both profiles, the total elevation of the pre-glacial surface reproduces within 200 m (no isostatic relaxation).


Supplementary Notes 2: Apatite fission-track data
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Supplementary Figure 4 – Apatite fission-track data. AFT ages from the 55 samples used in this study. Error bars on ages are 1σ, while error bars on mean track lengths (MTL) are 1SE. a) Most of the samples pre-dating the Jurassic continental flood basalts are from elevation ≥ 1400 masl. The younger ages show a steep age-elevation relationship, indicative of rapid exhumation. b) AFT ages up to c. 165 Ma are found at elevations ≤ 1500 masl, while the older ages are found at higher elevations. Apart from the samples from Schirmacheroasen (elevations of 50 – 150 masl), they show a moderate age-elevation relationship. c) The age – MTL resembles the left end of a boomerang plot31, indicating partial annealing of fission-tracks for samples that pre-date the Jurassic continental flood basalts. d) MTL below 11.3 µm are recorded in ages between c. 135 and 190 Ma. Longer track lengths are measured in the entire age range. e) AFT ages of wDML show an eastward increase, possibly related to diminishing thermal influence from the Jurassic continental flood basalts. f) The AFT ages of cDML show an age signature that is typical for retreating escarpments, with the oldest ages towards the highest elevation of the escarpment32. 


Supplementary Notes 3: Apatite (U – Th)/He data
[image: ]
[bookmark: _Hlk86602998]Supplementary Figure 5 – Apatite (U – Th)/He data. AHe data for the 34 samples used for modeling. Error bars are 1σ. a) AHe single-grain ages in wDML range from the late Ordovician to the Eocene. A strong age-elevation relationship, with a break-in-slope at c. 1800 masl is recorded. b) AHe single-grain ages from cDML range from the middle Permian to the Eocene. These ages show a good correlation between AHe age and elevation. c) The AHe ages of wDML show a similar correlation to longitude as the AFT ages. The oldest ages are generally found in the easternmost part of wDML. d) Similar to the AFT data of cDML, the AHe single-grain ages increase from the coast and towards the inland. e and f) In both regions, effective uranium (eU) concentrations range from c. 1 to c. 130 ppm. There is no overall systematic relationship between age and eU concentrations. g and h) Grain sizes (sphere radii) range from c. 30 to c. 105 µm for both regions. No systematic relationship between age and grain size is recorded. 


Supplementary Notes 4: Temperature distributions – different diffusion models
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Supplementary Figure 6 – Modeled temperature distributions with different diffusion models. The plots show temperature distributions of individual modeled t-T paths at 34 Ma, comparing the different He diffusion models tested25–27.


Supplementary Notes 5: Temperature distributions – different constraints
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Supplementary Figure 7 – Modeled temperature distributions with different external constraints. The plots show the distribution of interpolated temperatures at 34 Ma. The dashed lines correspond to the unconstrained model, while the histograms and the solid lines represent the temperature distributions of the preferred, constrained models.


Supplementary Notes 6: Thermal history models
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Supplementary Figure 8 – Thermal history models. The constrained thermal history models for all samples used in this study. See Supplementary Figure 2 for specification of the external constraints. n-values of 1000 include only acceptable-fit paths, while n-values > 1000 also include good-fit paths.
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Diffusion model comparison - Western Dronning Maud Land
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Diffusion model comparison - Central Dronning Maud Land
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