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Methodology

The methods involved in the measurement of B26 ionic species are extensively described in Sommer
(1996) and only briefly summarized here. lons were measured at Heidelberg University utilizing a
Dionex 300 lon Chromatographer with CS12 separation column in isocratic configuration run (15
minutes) measuring Ca?*, Mg?*, K*, NH4* and Na*, while anions (F, CI', SO4*, Br, NOs  and MSA) were
measured with a Dionex 4500i lon Chromatograph with a AS11 separation column in a gradient
configuration run (16 minutes), with reported limit of Detection (LOD) of 0.1-0.4 ppb for all elements.

All B17 discrete samples were analyzed at Alfred Wegener Institute in 2018. Given the melting speed
of 2.8-3.5 cm/min and an average layer thickness (A) of ca. 11 cm during the B17 melting campaign in
Bern, the resulting sampling resolution was 2-6 samples per year. All samples were analysed by
Capillary lon Chromatography (Dionex ICS-5000+ HPIC) in a suppressed, reagent-free system and
isocratic elution configuration that utilizes an lonPac AS18-Fast column (150 x 2 mm i.d.) for anions (F
, CI, SO4%, Br, NOs  and MSA) and a lonPac CS12A column for cations (Ca?*, Mg?*, K*, NHs* and Na*)
measurements. Accuracy has been calculated as relative standard deviation (in %) of ionic species
measured in Milli-Q® water collected during the B17 melting campaign and it is defined as:

o
Accuracy = RSD; = ; 100

where o is standard deviation and p is the mean of concentration of ionic species / in Milli-Q® water.

Similarly, precision has been calculated as the average of the relative standard deviation of ionic
species measured in Milli-Q® water by lon Chromatography and nominal values for Milli-Q® water
reported in (Kano et al., 2004) and it is defined as:

=100

Precision =

where n is the number of measurements, ¢ is again standard deviation and x; is the nominal
concentration of the species i in Milli-Q® water as in (Kano et al., 2004).

Overall reproducibility (precision) and accuracy are 0.05% and 0.01% RSD respectively, maintaining the
sensitivity of the conductivity detector in the range of 0.2-0.5 nS-ng-g?, resulting in a Limit of Detection
(LOD) between 0.07 and 0.1 ng-g ! for most elements. Limit of Detection for each element has been
calculated as in Hubaux & Vos (1970).
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Figure s1: Relationship between Accumulation rate and concentration (in ppb) of impurities in the case of the
B17 ice core record. A direct relationship, however weak (r?=0.13-0.32), is observed for all the proxies shown,
assessing that higher accumulation rates usually correspond to higher concentration in ice cores. We here
considered nssCa=Ca?*-0.038ssNa?* (see text) as in (Réthlisberger et al., 2002) and nssSOs*= $S04% - 0.052CI
(Mulvaney et al., 1992).
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Figure s2: Variability of Impurities and accumulation rate across the NGT ice core arrays. The variability index
is defined as the average amplitude of the residuals from baseline correction performed via asymmetric least
square smoothing (ALSQ) as in (Peng et al., 2010). The variability of each element has been then normalized
between 0 and 1 to allow the creation of contour maps. Red and Blue stars indicate the location of the ice core
belonging to the NGT array utilized to create the maps. Accumulation rate for all NGT ice cores considered
were obtained from (WeiBbach et al., 2016). We can clearly see a trend on increasing variability going from
Southwest to Northeast, opposite to average accumulation rate which is lower in the North-eastern sector
(B19 & B20) than in the Southern or Western sector (B26, B27/28, B29).
This confirms that low accumulation rate facilitates the occurrence of larger ranges of variability, due to a
combination stronger influence of single storm events (which are naturally more variable in dust and sea salt
input) and the statistical reduction of persistence and autocorrelation in a more uneven-spaced time series.
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Figure s3: Accumulation rate reconstruction for the B17 (left panel) and B26 (right panel). The blue line
represents the accumulation rate reconstruction performed in WeiBbach et al., 2016, assuming constant
accumulation rate between known time markers attributed to specific volcanic eruptions (see WeiBbach et
al., 2016). Based on WeiRbach et al. time markers, we performed layer counting utilizing Conductivity, SO.%,
Ca?* and NH4* to identify layer thickness for each year. The layer thickness has been subsequently corrected
according to the thinning factor: I/L=h/H, where | is the ice thickness of a layer, h is the height above the bed,
L is the original thickness and H is the original height above the bed. Original height (H) has been estimated
based on the age of the layer and the ice velocity at the ice core site utilizing data from the Greenland Ice
Mapping Project from the National Snow & Ice Data Centre (Joughin et al., 2018). Original thickness (L) has
been then multiplied by the Ice core density as in Wilhelms, (1996) to obtain accumulation rate in Kg/m?2a. We
can observe a general higher accumulation rate in the B26 record compared to B17 and a larger variability as
well.
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Figure s4: The seasonality of several chemical species has been investigated by averaging the original
concentration profiles of every single year within the period 1790-1810 AD in the B17 ice core, where the data
was sufficiently spatially resolved to achieve bi-monthly resolution. Error bars in fig. 4 represent +20 for each
value. For this time interval our maximum counting error (n° uncertain years/2) has been reduced to 0.5. This
interval also follows closely a S04> peak corresponding to year AD 1783. Several studies have shown that sea
salt transport in the Greenland region is higher during wintertime, owing to the increase storm activity over
the open oceans (Fischer et al., 1998; Whitlow et al., 1992), whereas nssCa?* and nssSOa in Greenland tend to
peak in late springtime (Legrand & Mayewski, 1997) due to higher dust supply from Asian and African desert
(Dibb et al., 2007). We can observe a peak of ssNa* at the beginning of the profile (fractional year = 0), where
values are more than twice as high as the rest of the year. The Sodium peak is followed by nssCa?* (fractional
year = 3-4) and a nssS04% maxima (fractional year =5) which again show two-fold and three-fold increase in
concentrations than the rest of the year, respectively. Finally, NOs" show a three-fold concentration increase
corresponding to a fractional year of 7, similarly to Bromine species, which display a three-fold increase of
concentration around fractional year 7 as well. Although it is difficult to attribute specific months to a single
fractional year value, the phasing of these peaks suggest that Bromine concentration increase in mid-summer,
in contrast with sea salt Sodium which is well anticorrelated with Br- along the year and peak in wintertime.
The peak in dust supply is represented by nssCa?* and marginally by nssS04% and is located in between ssNa*
and Br maxima, consistent with a springtime input. Bromine enrichment reach also a maximum in mid-
summer and it is likely related with an increased lifetime of the transported aerosol which allow prolonged
photolysis on the aerosol surface and therefore further enrichment of Bromine compared to Sodium. This is
likely related to the fact that, in general, stronger positive Br enrichment are found in aerosol of smaller size,
which indeed can travel further and present longer lifetimes (Sander et al., 2003).
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Figure s5: Concentration (in ppb) of ssNa* in the B17 ice core. Blue dots are original ssNa* data points, while the thick red
line represent a 20-points adjacent-average smooth. We can clearly observe a general increase of ssNa* AD, possibly related
to the initiation of the little ice age, followed by a relative decrease in the period 1700 — 1900 AD and an increasing in the

20t century.
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Figure s6: B17 Fluxes of: (from top) nssS0s*, NOs', Dust, Bromine-excess (Br_exc). High levels of dust and
acidity (especially NOs’) are observed in the period 1800-1920 AD while no above-average Bromine-excess is
observable in the same time interval. After 1920 AD NOs' is decreasing again to average values together with
Bromine-excess (which reaches an overall minimum) while S04 show a concomitant rise around the year 1940

(AD).
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