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Figure S1. Snowpits excavated on the seasonal snowpack over the Godwin-Austen Glacier. a) Snowpit 1 (P1), 1.20 m deep, excavated on 24 February 2019. b) Snowpit 2 (P2), 2.00 m deep, excavated on 27 February 2019.
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Figure S2. Total spatial variance (TSV) change versus the number of clusters for both 500 m and 1500 m a.g.l. The letters S, O, N, D, J, and F represent the months September 2018, October 2018, November 2018, December 2018, January 2019, and February 2019, with points on each line indicating the inflection point where TSV sharply increases.
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Figure S3. Temperature variation along P1 (solid line) and P2 (dashed line)
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Figure S4. Box plot of the snow accumulation during the reference season (October–February) of the 10 years preceding our measurements (2018–2019 winter season), constructed from ERA5 daily accumulation averages. Each box represents the interquartile range, the horizontal lines represent the median, whereas the grey line connects the mean values of each season. The length of the upper “whisker” indicates the maximum accumulation values. 
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Figure S5. Local meteoric water lines (LMWL) in reference to Global Meteoric Water Line (GMWL; circles). Squares represent the highest values, typical of October 2018, November2018, and late February 2019, while triangles represent lower values, observed during December 2018, January 2019, and early February 2019. Consistent with a moisture source where evaporation occurred under low atmospheric humidity conditions, the y-intercept (d-excess or δ2H value) of the line formed by the squares (10.2 ‰) is higher compared to the GMWL (10 ‰). In contrast, the LMWL formed by the triangles shows lower values (7.5 ‰). The slope of both lines is similar to that of the GMWL (7,7 and 8,0, respectively) suggesting that additional evaporation during snowflake fall is unlikely. Furthermore, the LMWLs exhibit high correlation (r=99.58 for the LMWL formed by squares and r=99.83 for the LMWL formed by triangles), indicating the measured isotopic values may have a low alteration rate. 
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Figure S6. Frequency diagram showing monthly back-trajectory clusters, with daily average precipitation events exceeding 5 mm d⁻¹ (ERA5) depicted by black lines in the background. Domain 1 (L: local), Domain 2 (NCA: North Central Asia and S: Siberia), Domain 3 (CS: Caspian Sea and BS: Black Sea), Domain 4 (ME: Middle East and MS: Mediterranean Sea), Domain 5 (PG: Persian Gulf and Red Sea), and Domain 6 (NI: Northern India and AS: Arabian Sea). During the 2018–19 winter, the Karakoram region experienced a positive precipitation anomaly influenced by western disturbances (WDs). These low-pressure synoptic systems form over the Mediterranean, Black Sea, or Caspian Sea and move eastward due to mid-latitude westerly winds, interacting with the mountains of Western High Mountain Asia, including the Karakoram. This interaction triggers high precipitation events and significant snow accumulation. The frequency of WDs increases in winter, consistent with the southward shift of the westerly jet stream. Typically, 6–7 WD events occur each month, but by early February 2019, nine had already affected the region. Back-trajectory analyses from December 2018 to January 2019 show that many trajectories originated in the Mediterranean and crossed the Black and Caspian Seas, common origins for WDs. The back-trajectories pattern at 500 m a.g.l. aligns with the ERA5 precipitation dataset, reinforcing the link to the precipitation anomaly.
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Figure S7. K2 Base Camp Automatic Weather Station (AWS) wind speed and direction data. Left) relative positions of Snowpit 1 (P1), Snowpit 2 (P2), Camp 1, Camp 2, and K2 summit about the Base Camp. The wind rose shows the predominant directions blowing from the base camp. Right) Wind directions and velocities blowing to the Base Camp. G. A.= Godwin-Austen. 




[image: ]

Figure S8. Regional maps of monthly atmospheric BC surface mass concentration obtained from MERRA2 atmospheric reanalysis (from September 2018 to February 2019). Lines represents clusters of back-trajectories (10 days) for each month (black lines), with emphasis on the main trajectories (red lines). 
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