Supplementary Information

1. Laboratory procedures 
Sample preparation 
Rock samples of ~3-6 cm thickness were crushed using a jaw crusher and the 250-500 µm size fraction was selected for analysis.  Grains containing minerals of high magnetic susceptibility were separated using a Frantz isodynamic magnetic mineral separator. The resulting quartz-rich fraction was further purified by etching for 24 h with 1 L 2% HF.  After two etchings minerals of higher specific gravity than quartz were removed by heavy liquid separation. After more etches with 2% HF the purity of the sample was checked under an optical microscope. When no mineral grains other than quartz were found, a 0.4 g aliquot of the sample was dissolved and analysed for inherent Al concentration. The sample was then dissolved in 40% (wt/wt) HF and the reaction temperature was increased gradually during this process. After complete dissolution and evaporation of hydrofluoric acid, the fluorides were taken up in a mixture of 6 M HCl and 70% HNO3. This mixture was evaporated at temperatures below 110˚C to drive off HF but to avoid losses of Al by volatilization. The residue was taken up in 6 M HCl to drive off the nitrates, and 300-460 μg Be in dilute nitric acid were added to the resulting residue which was then taken up in 4 mL 6 M HCl. A 250 µL aliquot was diluted for analysis of inherent Al using an Atomic Absorption Spectrophotometer (AAS). Aluminium concentration in all quartz samples was high enough that no additional Al carrier needed to be added. Iron was removed by adsorption on the 2 mL 1X8 anion chromatography column and Be (and Al, alkali cations and alkali-earth cations) was eluted with 6 M HCl. After reducing the volume to less than 1 mL Ti was removed as TiO(OH)2 hydrate with ammonia at pH 4. The supernatant was then adjusted to pH 8 with more ammonia to separate Be and Al as hydroxides from the alkali and alkali-earth cations in the solution. To improve the separation the precipitate was washed three times with a small volume of Milli-Q water. Cation exchange chromatography (2 mL 50 WX8 column) was used to separate Be (elution in 1 N HCl) from Al (elution in 4.5 N HCl) and Be(OH)2 was then precipitated with aqueous ammonia solution at pH 8.5. After washing the precipitate three times with small volumes of Milli-Q water it was dissolved in 1-2 drops of concentrated nitric acid. The nitrate in this solution was decomposed at temperatures >200˚C, and the product was baked to beryllium oxide in a muffle furnace at 900˚C. Al(OH)3 was precipitated from the Al fraction with ammonia at pH 8. After washing the precipitate three times with small amounts of Milli-Q water the precipitate was dried at ~70°C. The product was then baked to Al2O3 at 900°C. A processing blank was prepared with every batch of eight samples using about the same 9Be carrier mass as for the unknowns.

10Be measurements

The 10Be/9Be ratios were measured with the 5 MV NEC Pelletron accelerator mass spectrometer at SUERC (Freeman et al. 2004) as part of a routine Be run. The measurements are described in detail in Maden et al. (2007) and Schnabel et al. (2007). The spectrometer is set for injection of BeO-, which is argon gas stripped at a terminal voltage of 5 MV. The high-energy mass spectrometer is set to analyze 10Be3+ in a gas ionization detector with a gas absorber cell immediately before it. The detector has a mylar window with a diameter of 25 mm and a thickness of 5 µm and is filled with 100 mbar P10 gas (90% Ar, 10% CH4), while the absorber cell has a havar window with a size of 25 mm diameter and 5 mm thickness and is filled with 30 mbar Ar gas. As described in Maden et al. (2007) the detector anode is split into five segments along the trajectory of the incoming ions. Interfering 10B is not completely stopped in the absorber cell and creates a small signal on the first anode of the detector. The range of 10Be in the detector is sufficient to generate signals on the first two anodes and coincident signals from these anodes are required for triggering electronic conversion. This two-dimensional gate is set for 10Be determination, which greatly reduces interference coming from the presence of 10B and 7Be coming from the (10B,α) reaction on 1H in the absorber cell.  Consequently, no correction procedure is applied for 10B count rates. Typical ion currents of 9Be16O- were 3 μA. Sequential injection of 9Be16O- and 10Be16O- into the accelerator was done with a fast beam pulsing system as described in Suter et al. (1984). The 9Be3+ ion current was collected in an offset Faraday cup after passing the high-energy magnet and digitized through a charge amplifier. Typical particle transmissions were 26%. 

NIST SRM4325 with a 10Be/9Be ratio of 2.79x10-11 was used for normalization (Nishiizumi et al. 2007). The 10Be/9Be ratios of the processing blanks prepared with the samples ranged from 3.5x10-15 to 4.6x10-15 respectively (one-sigma uncertainty of 1x10-15). This ratio was subtracted from the Be isotope ratios of the samples. Blank-corrected 10Be/9Be ratios of the samples ranged from 7x10-13 to 7x10-12. One-sigma uncertainties of the SUERC AMS measurement include the uncertainty of the sample measurement, the uncertainty associated with the measurement of the primary standard and the uncertainty of the blank correction. Total one-sigma uncertainties for the concentrations determined at SUERC include the one-sigma uncertainty of the AMS measurement and a 2.5% uncertainty for possible effects of the chemical sample preparation which includes the uncertainty of the Be concentration of the carrier solution.

26Al measurements

The 26Al/27Al ratios were measured with the 5 MV NEC Pelletron accelerator mass spectrometer at SUERC (Freeman et al. 2004) as part of a routine Al run. The procedures for measurement are described in detail in Maden et al. (2007) and Freeman et al. (2007). The spectrometer is set for injection of Al-, sputtered from the Al2O3 target, which is argon gas stripped at a terminal voltage of 4 MV. The high-energy mass spectrometer is set to analyze 26Al3+ in a gas ionization detector, which has a mylar window of 25 mm diameter and 5 µm thickness and is filled with 160 mbar P10 gas.  Typical ion currents of 27Al- were 350 nA and typical particle transmissions were 43%. 27Al3+ was collected in an offset Faraday cup after passing the high-energy magnet and digitized through a charge amplifier. The primary standard Z92-0222, kindly donated by M. Caffee (PRIME Lab, Purdue University) with a nominal 26Al/27Al ratio of 4.11x10-11 was used for normalization. This ratio agreed to better than 1% with the standard materials purchased from Kunihiko Nishiizumi (Nishiizumi 2002
). The 26Al/27Al ratios of the processing blanks prepared with the samples ranged from 6x10-15 to 8x10-15. These ratios were subtracted from the Al isotope ratios of the samples. Blank-corrected 26Al/27Al ratios of the samples ranged from 1x10-12 to 5x10-12. One-sigma uncertainties of the SUERC AMS measurement consist of the uncertainty of the sample measurement, the internal uncertainty of the normalisation (reproducibility of the measurements of the primary standard) and the uncertainty of the blank correction. One-sigma uncertainties for the concentrations determined at SUERC include the one-sigma uncertainty of the AMS measurement and the one-sigma uncertainty of the determination of native Al with AAS (typically between 3 and 4%). Expressed 10Be and 26Al AMS analysis uncertainties are consistent with the long-term measurement reproducibility of standard material of similar isotope ratio.
Note: The sample preparation and AMS measurement methods described in detail above reflect the status during initial analysis of these samples in 2005. Today, changes described in Glasser et al. (2009) have been implemented at SUERC. The AMS measurements as carried out now are described in Xu et al. (2010).

2. Exposure Age Calculation

We used the online CRONUS-Earth calculator of Balco et al. (2008; http://hess.ess.washington.edu/math/) to generate surface exposure ages. This system is based on a wider dataset of calibration sites than that of Stone (2000). We used the following version: wrapper script 2.2; main calculator 2.1; constants 2.2.1, muons 1.1. The SLHL production rate (spallogenic production only) used is 4.49±0.39 atoms g-1 yr-1 compared to 4.99±0.3 atoms g-1 yr-1 in Stone (2000). The difference reflects mainly the re-normalisation of 10Be standard materials according to Nishiizumi et al. (2007). The ratio of the SLHL production rate ratios for 10Be and 26Al is 6.75 in the version used – compared to 6.1 in Stone (2000) – the difference again is due to the re-normalisation of 10Be standard material. The new 10Be half-life of about 1.39 Myr (Chmeleff et al. 2010 and Korschinek et al. 2010) has been used for our exposure age calculations together with 705 ka for 26Al (Nishiizumi 2004). The attenuation correction for sample thickness is performed in the calculator using an attenuation length of 160 g cm-2. The topographic shielding correction was carried out according to Dunne et al. (1999) and the resulting factor input into the calculator. The exposure ages presented in Table 2 were not corrected for past geomagnetic field variations. The calculator also yields ages based on the same calibration scheme but including a simple palaeomagnetic correction according to Nishiizumi et al. (1989). This method yields about 3% older ages than the scheme that assumes a constant geomagnetic field, but does not affect our conclusions. The online calculator uses air pressure for Antarctica according to Stone (2000) with a height-pressure-relationship from Radok et al. (1996). All exposure ages in Table 2 are minimum ages for no erosion. The internal uncertainty of the exposure ages includes the uncertainty of the radionuclide concentration. This uncertainty can be used when exposure ages from this study are compared with each other. The total uncertainty includes the uncertainty of the production rate and should be used when the exposure ages are compared with ages from different geographical locations or different methods.
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