S1 Expansion to empirical and modelled results

Intensity values are not directly comparable between plots as data is un-calibrated. Drops to zero intensity represent regions
where impurity content was below what is detectable.

Plots for EDC LGP
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Figure S1. Measured LA-ICP-MS signals resulting from line profiles taken across the surface of the EDC LGP. All profiles run down the
central core axis. Panel (a) shows two signals resulting from two parallel laser tracks. Panel (b) shows the spatially averaged signal resulting
from combining all measured parallel profiles, including the two signals in (a), with a range of separations between adjacent profiles. Panel
(c) shows this spatially averaged signal after smoothing to CFA-resolution of 1 cm.



(a) Intensity representation

(b) Grain representation
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Figure S2. The intensity, (a), and structural, (b), representations of one modelled face of the EDC LGP sample. The structural representation
shows grains as different colours, separated by grain boundaries represented in black. Each of the 500 rows in the intensity representation
can be taken as a separate laser profile. The red and blue lines in both panels show the track of the profiles plotted in Fig. S3.
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Figure S3. Line profile signals for the modelled EDC Holocene ice normalised by dividing by the volume average intensity. Panel (a) shows
signals acquired from 40 m spot size profiles taken from the tracks indicated in Fig. S2. Signals resulting from simulating a 120 m spot size
along these profiles are shown in (b). The resulting signal from combining all possible profiles from the face in Fig. S2 is shown unsmoothed
in (c) and smoothed to CFA resolution in (d). The simulated CFA signal is plotted in (e). Note the different y-axis scales for each panel.
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Figure S4. Plots of calculated MAD values against the number of LA-ICP-MS profiles used to construct a spatially averaged signal for the
modelled EDC LGP face shown in Fig.S2. As there are multiple ways to choose profiles for combination into a spatially averaged signal, the
solid line of each colour shows the mean result and the shaded region shows the range of MADs acquired for different possible combined
profiles. Panels (a) and (c) show results from simulating a 40 m laser spot and (b) and (d) a 280 m laser spot. Different coloured regions
show MAD values resulting from smoothing with different width Gaussian kernels. An arbitrary threshold of 20 % is also shown (red line).



Plots for RECAP Holocene
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Figure S5. Plots equivalent to Fig. S1 showing the modelled data for RECAP Holocene
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Figure S6. Plots equivalent to Fig. S3 for modelled RECAP Holocene



Plots for RECAP LGP
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Figure S7. Plots equivalent to Fig. S1 showing the modelled data for RECAP LGP



(a) Intensity representation

(b) Grain representation
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Figure S8. Plots equivalent to Fig. S2 showing the modelled data for RECAP LGP
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