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15  Figure S1. Instrumental “blank” values for the CO, measurement system plotted against pressure. For pressures from 6 to 30 torr,
a negative correlation exists with blank values. The linear regression (R>=0.27, p<<0.01) was used to correct CO; measurements.
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Figure S2. Alignment of gas and ice records from the ALHIC1903 (this study, Carter et al., 2024) and S27 (Spaulding et al., 2013;
Yan et al., 2021) ice cores (from top to bottom: CHy4, CO2, $'*Q,m, '°N-N2, and 3D;.) plotted on depth. ALHIC1903 measurements
20 plotted on original depths (open circles) and on adjusted depth (orange) to fit with S27 records (blue, Yan et al., 2021).
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Figure S3. N,O records from ALHIC1903 and EDC (red, Schmidely et al., 2021). ALHIC1903 measurements from three analytical
systems: dry extraction at OSU (yellow), wet extraction at OSU (purple) and dry extraction at UCI (green). EDC measurements
excluded from record due to in situ production shown in open circles.
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Figure S4. S4a: The standard deviation between adjacent N>O concentrations in ALHIC1903 for samples <600 years apart. All three
N,O datasets from Oregon State University and University of California Irvine are included. S4b: ALHIC1903 dust concentration
record from Carter et al., 2026 across a diameter range of 1-20 pm. Glacial-level samples are above the 300-ppb threshold (black
dashed line) identified in Schilt et al., 2010 and Fliickiger et al., 2003 and used to exclude N>O concentrations affected by dust-related
reactions.
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Figure S5. Cross plot of dust concentration from Carter et al., 2026 and N,O concentration separated by time interval (PGM in blue,

T-II in red). Though many PGM dust concentrations are above the 300-ppb threshold identified in Schilt et al., 2010 and Fliickiger
et al., 2003, the correlation between dust and N,O is not statistically significant (R? = 0.08, p >> 0.05).
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Figure S6. Dependence of the fraction of TAC loss from the cut-bubble effect on bubble number density. Densities range from ~200-
500 bubbles/cm? for typical polar ice cores, in contrast to the low densities measured in the ALHIC1901 ice core (tan bar) of 35-120
bubbles/cm? (Stoll et al., 2026). We applied a 4.7% TAC loss for both Allan Hills ice cores.

Cut-bubble correction

Using the statistical relationships between bubble characteristics and the magnitude of the cut-bubble effect derived by
(Martinerie et al., 1990), we constructed a computer model for predicting the cut-bubble effect based on bubble number density.
Our computer model randomly populates a rectangular prism sample (with dimensions si, s2, s3) of ice with spherical bubbles.

Each of the x, y, and z coordinates of the center of each bubble is randomly chosen from the interval (— % - r,% + r), where

si is the sample length in the corresponding dimension. For each bubble, the computer program checks to see if the bubble is

cut based on the distance of each coordinate from the side of the sample; a bubble is cut if for at least one coordinate of the
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bubble’s center, xi, |% — X; x; + %| <r. The program then calculates the percentage of bubbles that are cut.
Assuming that bubbles are on average cut through their centers (and so on average, half of a given cut bubble was contained

in the sample), the percentage of TAC loss can be written as half the percentage of bubbles cut.

Building on this basis, we modified the computer model to accept bubble number density, rather than bubble radius, as an
input from which to run trials. From a given bubble number density, mean bubble size was determined by relating bubble

volume, bubble number density, and porosity using Equation S1.

porosity
bubble number density (bubbles/cm3)’

Mean bubble volume (cm3/bubble) = (S1)

In this relation, we assumed a porosity of 0.45%, which is mean value observed in ALHIC1901 (Stoll et al., 2026). Assuming
ice samples were uniform dimensions (2.4cm x 2.4cm x 9cm, the typical sample size for TAC measurements conducted at

OSU), we ran three trials for each bubble number density between 10-500 bubbles/cm?.

In addition to using the computer model, we also derived a probability-based equation for percent TAC loss based on the
sample dimensions and bubble size. First, we calculate the probability that any given bubble is not cut. We assume, as in the

computer model, that a bubble is not cut if its center is further than a distance of » from any side of the sample, i.e. for coordinate
Xi, X; € (— % + r,% - r). Using the fact that the bubble’s coordinates are randomly chosen from the range (— % - r,% + r),

we can say that for each dimension, the probability that a bubble’s coordinate is within this inner interval is

= (82)

Protcut = 5
2

Because the bubble coordinates are independent and must each fall in a specific range, the overall probability that a bubble is

not cut can be written and rearranged as

P =1~ (20) (52) (2520). (83)

The actual percentage of cut bubbles in a sample is close to the probability of any individual bubble being cut. To get from
percentage of bubbles cut to percent TAC loss, we again use the assumption that bubbles are on average cut through their

center, which yields the final equation
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% TAC loss = [1 - (Sl‘zr) (SZ‘ZT) (53‘”)], (S4)

S1+2r Sp+21 S3+2r

A comparison of the computer model, the equation derived here, and the statistical relation given by Martinerie et al.

(Martinerie et al., 1990) show strong agreement (Figure S6).

Table S1. A list of tie points used for chronology development with associated tie point uncertainty.

Origig:lpl:tl:;:;WOS Adjusted Depth (m) AICC2023 Age (yrs) Tie point(:rr:):ertainty Tie point variable Tie point Reference
15.37 20.48 116745 797 CH, Loulergue et al., 2008

26.04 30.72 118014 772 CH, Loulergue et al., 2008
67.725 70.73 126774 751 CH, Schmidely et al., 2021

70.93 73.80 127557 766 580, Bouchet et al., 2023

73.84 76.60 127929 763 580, Bouchet et al., 2023

77.61 80.21 128485 735 580, Bouchet et al., 2023

80.07 82.58 128943 718 580, Bouchet et al., 2023
86.435 88.74 129517 770 CH, Schmidely et al., 2021
106.36 108.32 130818 796 580, Bouchet et al., 2023

115.71 116.78 132282 852 CH, Schmidely et al., 2021
124.96 125.66 134320 933 CH, Schmidely et al., 2021
126.31 126.96 134790 985 CH, Schmidely et al., 2021
134.185 134.51 139307 1101 CH, Schmidely et al., 2021
136.12 136.37 141067 1237 CH, Schmidely et al., 2021
140.42 140.50 144172 2894 380, Bouchet et al., 2023
142.345 142.35 144537 1234 CH, Schmidely et al., 2021
145.28 145.16 146215 1697 380, Bouchet et al., 2023
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