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Introduction
The supporting information includes:

e Adetailed description of the method used to obtain our results: Samples processing,
isotopic analysis, background correction and uncertainties (Text S1, Tables S1, S2, S3)

e Acalculation of the weighted isotopic budget for 10 events (Table S4)

e An explanation of the modeling of sulfate isotopic composition: principle, results and
interpretation (text S2, Table S5, Figure S1)

e Additional figures (Figure S2, S3)

e Adataset of all data used in the study (Dataset S1), also uploaded separately

Text S1. Details of method and materials
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1. Sample processing

Multiple cores were necessary to guarantee enough sulfate for a time-resolved isotopic analysis
of each volcanic events identified in the ice. For this reason, five cores were drilled 1m from
each other, during the 2010/2011 summer campaign in Dome C (Antarctica, 75°06'S, 123°21'E,
elevation 3220 m, mean annual temperature -54.5°C). After decontamination by scraping the
outer surface of the core with a scalpel, a lamella is cut lengthwise, with a band saw, sampled
with a 2cm-resolution. They were entirely processed for sulfate concentration profiles directly
in Concordia station. Analyses were performed on Metrohm IC (Professional 850), in a fast IC
configuration (2 minutes run) to quantify sulfate. The mean annual snow accumulation rate at
Dome Cis 10 cm of snow/year (25 kg m™ a™); the estimated time-period covered by the cores is
2600 years.

Once obtained, the five sulfate profiles have been processed with an algorithm for peak
detection. The algorithm allowed us to identify a total of 63 sulfate peaks above the sulfate
background, attributed to potential volcanic events [for details see (Gautier, 2015; Gautier et
al., 2016)]. Once volcanic peaks were identified, the ice sections containing the volcanic events
were brought back at IGE (Institut des Géosciences de I'Environnement, former Laboratoire de
Glaciologie et de Géophysique de I'Environnement) for further processing. After
decontamination of the ice sections, the ice containing specific volcanic events was isolated
from the rest of the core (sawed in a cold room) and subsampled at least in 5 portions,
composed of two backgrounds (before and after the peak) and at least 3 parts for the volcanic
peak. The choice of sub-sampling meets two needs: Firstly, the background samples allow for
the correction of the volcanic peak isotopic composition from the background contribution.
Secondly, the peak subdivision allows following the time-evolution of the volcanic isotopic
signal.

Each event has been subdivided the same way on the 5 replicate cores. The five logs of the
same deposition stage were then gathered together and melted. In the resulting samples, of
roughly two liters, sulfate was extracted with an ion chromatograph (Metrohm professional 850
IC) used in a semi preparative configuration. The sample is first loaded in a guard column
(Dionex AGis g4xzomm) with a flow rate of 4 mL/min, for pre-concentration of the anions.
When the sample is entirely pre-concentrated, anions are separated in a second column
(Metrosep A supp 16, 250/4) using a NaOH eluent in gradient mode (NaOH solution 10-50 mM).
After the column separation, a H" cation-exchange column neutralizes the eluent. A
conductivity detector follows the elution of the anions and when the sulfate elutes, the flow is
diverted to collect the sulfate sample. Tests have shown that the recovery of initial sulfate
approaches 100 %. In a single step, the sulfate sample is thus purified, converted to pure H,SO,
and concentrated in a volume lower than 10 ml quantitatively. H,SO, samples, prepared in IGE
Grenoble, were then shipped to the University of Maryland, where we performed the isotopic
analysis.

2. Isotopic analysis

H,SO, samples, concentrated in a total liquid volume bellow 10ml, were reacted with a heated
Thode solution, consisting of a (3.3:2:1) mixture of concentrated hydrochloric, hydroiodic and
hypophosphorous acids (Thode et al., 1961) flushed by a N, flux, during 4 hours. Sulfate,
reduced to hydrogen sulfide (H.,S), was carried by the N, stream through a Milli-Q water trap,
and finally precipitated in a 0.03M AgNO,; solution to form silver sulfide (Ag,S). This precipitate
would stand in the capture solution and be aged in the dark for a week to dissolve impurities.
After several rinsing steps in aM NH,OH and Milli-Q water, Ag,S was dried and loaded in a
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handmade aluminum capsule. Introduced in heated nickel bombs previously pumped, the
sample was reacted overnight with fluorine (F, gas), introduced in excess in the bombs. The
resulting SFe gas was separated from F, and HF through cryogenic distillation steps. After a last
purification step, through gas chromatograph, the SF¢ sample was collected in a glass manifold
and brought to the dual inlet mass spectrometer ThermoFinnigan Mat 253. Taking into account
the small sulfur amount of the samples (between 0.8 and 2 pumol, for most of them), SFe
samples and reference gas were transferred and cryofocused in very small volumes, isolated
from the bellows, in order to maximize the signal to noise ratio and to stay in the viscous flow
regime (Au Yang et al., 2016). 3 to 4 runs of 10 analyses were conducted for each sample, and

+

127, 128, 129 and 131 mass ratios were measured (respectively 3*SF.", 3SF.", 3SF " et **SF.").

3. Background correction

The isotopic composition of non-volcanic ice core sulfate is determined by contributions from
biogenic sulfate (nssSO,* coming from dimethyl sulfide oxidation), minor sea salt aerosols (less
than 10% to the sulfate background) and near negligible background stratospheric sulfate from
the Junge layer (Junge et al., 1961). Biogenic sulfate has variable &S in the range 14 to 22 %o
(Oduro et al., 2011; Patris et al., 2000); the &*S of sea salt sulfate aerosols is 21 %o (Rees et al.,
1978) and background stratospheric sulfate has a constant &*S of 2.6 + 0.3 %o in both
hemispheres (Castleman et al., 1974). Both A4S and &S are corrected from background-sulfate
contributions in order to characterize the post-stratospheric volcanic plume.

We estimate background sulfate composition by sampling time before and after each volcanic
peak, and make the implicit assumption that it will be representative of the background during
the sulfate peak deposition. We will see in the following that we have good reasons to consider
that mass dependent and mass independent fractionation of sulfur are happening
simultaneously, in the stratosphere, and that subsequent processes slightly impact the isotopic
signal. We characterize the concentration and isotopic composition of the background for each
volcanic event to determine the volcanic signal. For background calculation, we took the mean
value of two background samples, taken before and after the eruption peak. When background
values are missing for a given volcanic event (sample lost or too small to have reliable isotopic
measurements), isotopic data for this event are corrected considering the average of the 18
background values we measured (see below). All background concentrations and isotopic
values are gathered in Table S1 and display no isotopic anomaly.

On average, the sulfate mass fraction is 89 ng.g™ (with a 10 ng.g™ standard deviation), and
background isotopic composition is 15 %o, 0.05 %o and 0.3 %o, for &S, A®S and A*S
respectively. Although quite steady, variability between the different background values is
noticeable (20 = 2.7, 0.1 and 1.3 %o for §*S, A%S and A%*S respectively), hence the need to
sample background for each volcanic event.

S0z~
The sample is composed of a background fraction (fj,g = 503 ]bg/ ) and a volcanic

[SOZ_] total

. [S0Z7 1,
fraction (f, = 1 — g/ _
(fv [SOZ ]total

background corrections are achieved through the following mass balance equation:

). We make the trace abundance approximation, and
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Where §,, is the isotopic value of the volcanic plume (after passing the stratosphere), dness is the
measured isotopic value of our sample, &y is the isotopic composition of the background.

4. Uncertainty

The total uncertainty of the volcanic isotope data results from three distinct, cumulative errors:
the internal error related to the mass-spectrometer precision, the external error that takes into
account the entire analytical pathway, and the error propagation emerging from background
corrections.

4.1 Internal error

The internal error associated with the MAT 253 of University of Maryland is typically: better
than 0.012%qo, 0.006%o0 and 0.05 %o for 635, §*S and §*°S respectively, but it can rise depending
on the sample size.

4.2 External error

To estimate the method reproducibility, from the concentration to the isotopic analysis,
external standards went the same way as volcanic samples: A Na,SO, solution was run through
the IC to make H,SO, standards of different concentrations. These sulfate standards were then
reduced, fluorinate, purified and analyzed in the usual conditions. We thus obtained the
external error. Values are quite high, which is not surprising given the number of steps in the
analysis.

4.3 Error propagation

When correcting isotopic values from the background contribution (Table Si), error
propagation has to be taken into account. For error propagation calculation, un-corrected
sample errors were assumed to be under the following values: (10= 0.6, 0.02 and 0.1%o) for
5%S, ABS, A%S respectively.

The determination of the isotopic composition of the background biogenic sulfate is also a
source of error. When comparing all background measured from the different events, it appears
that variability among them is (2.1, 0.08 and 0.4%0) for 6*S, A®S, A*S respectively. This
variability is not surprising given that the background is a natural contribution that can vary in
time.

We used a Monte-Carlo routine to build a synthetic dataset of 10 thousand dual isotopic
compositions sample — blank, leading to a dataset of 120000 volcanic isotopic compositions, on
which uncertainties were estimated. Considering uncertainties previously described for
samples and background, we estimated uncertainties arising from background correction for
different volcanic fractions in the total sample. All samples with a volcanic contribution above
20% were corrected from their background contribution (fyg). However, given uncertainties
arising from such corrections (Table S3), and to avoid a significant bias in trends, only samples
with a volcanic fraction of at least 65% were plotted when considering A3°S and A®S trends.

4.4 Error on slopes
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The 1-0 uncertainty on slopes are calculated following recommendation in (Taylor, 1997),
p188 where data are fitted by a straight line using the least-squares method. In this situation,
uncertainty of the slope is defined as:

N
7B=0y [INL 2% — (3 0)2)

Where B is the slope deduced from the least-square, o, the uncertainty of the measurements
that includes both the uncertainty of A%S and A%*S and N, the number of analysis.

Text S2. Modeling sulfate isotopic composition

1. Principle

The model used to simulate the isotopic composition of stratospheric sulfate is encoded in the
python language. In the initial conditions, the SO, is not fractionated (63S = §*S = 6°°S = 0), and
is a limited reservoir. At each iteration, a given amount of SO, is oxidized through 3 different
pathways, with different fractionation factors. We show the modeled isotopic composition in the
resulting sulfate.

Fractionation factors for photochemical processes are taken from (Whitehill et al., 2015) (Table
3, T=250K, and Table 4, PO,=5.07 kPa for photoexcitation and photolysis respectively) and
(Whitehill & Ono, 2012) (calculated from elemental sulfur enrichment in Table 1) and (Endo et
al., 2016) (self shielding fractionation, text part 3.5). Fractionation factor o** of the MDF OH
oxidation pathway is obtained through the temperature dependent relation from (Harris et al.,
2012) (1.0089-0.00004*T/°C), using a temperature of -40°c, representative of stratospheric
conditions at 30km height. o?® and o® are deduced through mass dependent relationships (a3 =
(0(3‘*)0'515; 0(36 — (a3‘*)1'9).

2 Simulation of S-MIF pattern, results and interpretation

The model enables to reproduce broadly the isotopic signature observed in the deposited
sulfate (Fig. S1A) and gives the isotopic trends obtained for given fractionation factors and
mechanism-specific proportions in the oxidation step (Fig. S1B).

Using (Whitehill et al., 2015) fractionation factors for both photolysis and photo-excitation, and
(Harris et al., 2012) fractionation factors for OH oxidation, it emerges that to reproduce the set
of trends we observe in volcanic sulfate:

- the proportion of photolysis must be 6 times higher than the proportion of photo-
excitation (this mixing controls the A%°S | AS slope)

- the proportion of mass-dependent processes (OH oxidation) must be 10% while the
proportion of mass-independent processes would be 90% (this mixing controls the A®#S
| 6*S slope).

This minor contribution of OH oxidation contradicts our current knowledge of oxidation
pathway in the stratosphere (Bekki, 1995; Seinfeld & Pandis, 1998). Several explanations can be
considered. First, the fractionation factors used in the simulation do not represent the
processes taking place in the stratosphere, second, the fractionation factors are affected and
diluted by mass dependent processes in the experimental cell of (Whitehill et al., 2015); likely
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due to the presence of O,, and H,0 leading to the formation of OH. This would explain why we
need such a high proportion of mass independent processes to reproduce the volcanic slopes.
Third, stratospheric chemistry as currently understood is partly wrong, and the role of OH-
oxidation has been largely overestimated. Stratospheric ozone can be severely depleted after
an eruption (Cadoux et al., 2015; von Glasow, 2010), due to volcanic halogen emissions (chlorine
and bromine). OH would in that case be largely depleted during a few weeks after the eruption
(Bekki, 1995; Hattori et al., 2013; von Glasow, 2010), and could, under these conditions, play a
less important role in sulfur dioxide oxidation. OH titration by an excess of SO, would also lead
to a self-limitation of this pathway, and decrease its role in the oxidation process. Even under
such conditions, it would be surprising to have only 10% of OH oxidation, but the possibility is
not nil.

Using the (Endo et al., 2016) fractionation factors for photolysis, (Whitehill & Ono, 2012)
fractionation factors for photo-excitation, and (Harris et al., 2012) factors for OH oxidation
leads to more expected results: 80% of OH oxidation, and 20% of photolysis plus photo-
excitation (in a 7:1 ratio), and a value of A®S that could possibly be found in volcanic sulfate
collected in the ice (note that all our A®S values are diluted due to the time resolution of the
sampling. Each sample covers two years on average) (Fig. S1B).
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Figure Si. A - Pattern obtained by simulating A®S vs. time (time is virtually represented by
iteration steps in the model and has no physical meaning. Progression o corresponds to the
beginning of the SO, reservoir oxidation; progression 11 marks the complete exhaustion of the
SO, reservoir). The pattern is clearly asymmetric with a long and small positive phase (as much
as the observation), and a short and sharp negative phase which may explain why the negative
phase is more difficult to detect in the deposited ice record (e.g. it gets deposited elsewhere)
(Table S4). The isotopic budget is zero.

B — Set of trends illustrating the evoluting composition of sulfate formed during the process of
oxidation of volcanic SO,. The red star corresponds to the composition of the first formed
sulfate. Subsequent formed sulfates follow the direction of the black arrow. This set is obtained
using (Harris et al., 2012) OH fractionation factors, (Endo et al., 2016.; Whitehill and Ono, 2012)
for photolysis and photoexcitation respectively. The proportions of each mechanism used as
input for this result are : 20% of photolysis, 3% photoexcitation, 77% OH-oxidation. Isotopic
values are given in per mill. The slopes obtained with such inputs are similar to the results
obtained for natural volcanogenic sulfate.
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Figure S2.

(a) A*S and A®S, plotted vs. time four 4 different volcanic events: a: Event 49: 540 BCE - b:
Event 30: 540 - c: Event 13-Kuwae: 1459 — d: Event 31: 576. Grey boxes represent the
concentration of sulfate, expressed as mass fractions (in ng.g™) in the samples. Red dots (plain
line) are A®S values, blue dots (dashed line) are A¥S, both are background corrected when
volcanic sulfate is above 40% in the sample.

(b) Cross plot of A®S vs. §*S for 4 different volcanic events: a: Event 16-Samalas: 1259 - b:
Event 49: 426 BCE - c: Event 13-Kuwae:1459 — d: Event 30: 576 . Blue dots are data uncorrected
from background. Red dots are points mostly volcanic (more than 40%), after correction from
the background contribution. Invisible uncertainties are included in the size of the point.
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Figure S3. Cross plot of A3®S vs. A3S, Plotted data points are not background corrected values;
the slope is not affected by background mixing. Note that the background contribution only
arises from mass dependent processes and dilutes A3°S and A®S in the same proportion. As a
result, corrected or uncorrected data do not fundamentally change the A%S / A®S slope, only
the absolute values are affected.

Volc. event &S ) 5°S APS A*S [SO,”]
Ev o6 BGD 7.885 15.238 29.805 0.066 0.654 74
Evi10BGD 6.422 12.68 24.533 -0.088 0.303 70
Evi13BGD 7.279 14.041 27.534 0.072 0.687 94
Ev 15 BGD 8.495 16.567 32.388 -0.003 0.677 81
Ev16 BGD 8.342 16.087 31.148 0.09 0.362 81
Evi17BGD 7.831 15.148 26.809 0.058 -2.169 76
Ev22BGD 7.559 14.528 28.757 0.103 0.974 91
Ev30BGD 7-397 14.262 27.838 0.077 0.566 101
Ev31BGD 7.842 15.151 29.478 0.068 0.495 103
Ev35BGD 7.625 14.756 28.788 0.052 0.566 87
Ev37BGD 7.062 13.627 26.798 0.067 0.748 97
Ev38BGD 7.148 13.911 27.315 0.008 0.72 108
Ev 44 BGD 6.379 12.312 23.705 0.057 0.182 92
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Ev 46 BGD 8.121 15.696 30.492 0.068 0.459 94
Ev 48 BGD 7.859 15.256 29.633 0.031 0.447 84
Ev 49 BGD 8.318 15.934 30.528 0.143 0.036 97
Ev 50 BGD 8.692 16.813 32.362 0.068 0.176 90
Ev 51 BGD 8.953 17.366 33.537 0.047 0.283 91
Average 7-73 14.97 28.97 0.05 0.34 89
Stand.dev. o0.72 1.36 2.63 0.05 0.67 10
20 1.42 2.72 5.27 0.10 1.34 20

Table S1. Background composition of volcanic events, and background average value, used to
correct volcanic data when background value was not known. Isotopic data are given in per mil.
Sulfate amount in the sample is given inng.g™

n(S0,%) (umol) 8%°S (% ) 8*'S (% ) 8°°S (% ) A%°S (% ) A®°s (289
3 -1.58 -3.00 -5.64 -0.04 -0.1290
6 -1.73 -3.33 -6.09 -0.02 095
4 -1.24 -2.36 -4.47 -0.03 -0.39
4 -1.98 -3.89 -7.38 0.01 -0.78..,
std. dev. o (%o ) 0.31 0.64 1.20 0.02 0.1£7°
20 0.62 1.27 2.41 0.05 0.2294
295

Table S2. Isotope measurements of internal standards that underwent the entire process, from
the IC concentration step to SFe. These measurements allow getting §3S, §*S or §*°S, A3S and
A*S standard deviations, i.e the external error specific to our analysis chain that must be taken
into account for our samples isotopic measurements.

Volcanic fraction 10 - 534S 10 - A®3s 1o - A%®s
0.9 0.68 0.02 0.24
0.8 0.82 0.03 0.30
0.7 1.03 0.04 0.41
0.6 1.34 0.05 0.55
0.5 1.80 0.06 0.78
0.4 2.53 0.09 1.13
0.3 3.75 0.13 1.69
0.2 6.21 0.23 2.87
0.1 13.70 0.52 6.49

Table S3. Uncertainties arising in isotopic values with decreasing volcanic contribution in total
sulfate, obtained through Monte Carlo error propagation method.

11



319

320
321
Positive weighted ~ Total weighted % of Ipss of the %. O.f loss of the
Event . . . . negative part of  positive part of the
isotopic budget isotopic budget . .
the signal signal
6.1 0.40 -1.45 78
6.2 0.47 0.37 77
10 4.89 4.35 89
16.4 9.12 4.96 54
17 5.02 -0.48 9
22 3.06 3.06 100
30 2.79 1.71 61
31 3-41 3-25 95
46.1 4.30 4.07 95
49 5.28 0.28 5
322

323  Table S4. Isotopic budget on volcanic events completely analyzed (no missing sample). Very

324 frequently a large part of the negative signal is missing in the global budget.
325

326
327
328
N , Photolysis Pht.)toe_xcitatioy .
Fractionation factor OH - oxid whitehillzs | Endo16 Whitehillzs / Whitehill12
o 1.0105 1.08924 [ 1.054 1.00733 /1.0184
o3 1.0054 1.05085/1.03481 1.02529/1.0248
o® 1.02 1.15093 /1.0859 1.06439 [ 1.0454
329
330  Table Ss. Fractionation factors used in the study
331

12
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Sample |TOF ePth estimated (spc;,:’ ) ot o ot s S 2% 2%s | o@¥S)  o@d¥S) o)
Ev325 886 18862 1756 06 081 135 354 012 0356 153 0.05 062
Ev326 898 18843 8845 0.19 791 15.02 296 0.2 0.87 06 0.02 02
Ev4.04 1046 18614 7943 0.25 13.01 2489 4853 027 071 53 0.19 244
Ev5.03 1187 18378 157.71 0.7 566 1036 2001 034 0.24 17 0.06 0.69
Ev5.04 1198 18354 90.05 0.25 1445 2853 6441 0.4 951 53 0.19 244
Ev6.11 126 18229  8L8s4 02 8.02 1554 3033 0.04 0.59 06 0.02 02
Ev6.12 1272 18208 109.47 0.4 079 -0.54 0.3 -0.52 154 311 0.1 135
Ev6.13 1284 18181 17211 062 422 8.05 15.72 0.08 038 143 0.05 0.7
Ev6.14 1296 1816 12041 0.49 7.92 1512 201 0.16 0.19 2.6 0.08 0.5
Ev625 1308 18137 10046 035 063 -0.79 -0.14 -0.23 135 372 0.13 165
Ev6.2:6 132 18119 2667 07|  -1007 1955  -38.03 0.05 121 0.9 0.03 034
Ev6.2-7 1332 18097  163.59 06 136 227 4.05 0.19 027 153 0.05 062
Ev6.2:8 1344 18078 6551 0 775 1483 2928 0.09 071 06 0.02 02
Ev7.04 1598 17617 11276 0.29 1132 2063 4214 075 259 a6 0.17 2.08
Ev8.04 1925 16962  173.27 0.63 3.29 5.64 12.02 039 128 138 0.05 0.5
Ev8.05 1935 1694 6974 0.07 924 1773 3501 0.15 106 056 0.02 02
Ev9.04 203 16742 136.63 0.48 656 1157 2245 062 034 235 0.08 0.9
Ev9.05 204 16723 10402 032 242 363 85 0.5 16 414 0.15 185
Ev10.0-1 217 16464 6292 0 a1s 853 1676 -0.23 0.49 06 0.02 02
Ev10.0-2 218 16442 19644 0.68 288 489 791 036 -139 115 0.04 045
Ev10.03 219 16424 193.02 0.67 857 1453 254 111 265 12 0.04 047
Ev 10.0-4 2 16404 926 032 1248 2302 44.6 0.69 -0.04 414 0.15 185
Ev10.05 21 16383 77.82 0.19 8.69 16.83 323 0.06 0.08 06 0.02 02
Ev11.05 279 16232 1738 032 5.1 957 2041 -0.02 138 414 0.15 185
Ev11.06 2289 16211 8595 0.07 8.85 1718 3319 0.04 029 06 0.02 02
Ev1225 2381 15994 1432 0.4 115 107 77 06 5.66 311 0.1 135
Ev12.26 2381 15973 1222 0.29 1418 2321 4169 229 2.87 a6 0.17 2.08
Ev13.0-1 2986 14665  89.57 0 6.69 1281 2518 0.07 052 06 0.02 02
Ev13.03 3006 14622 29109 0.69 43 703 -12.08 067 124 111 0.04 043
Ev13.0-4 30.11 1461 45512 0.8 -4.01 672 -12.07 -0.54 0.66 075 0.03 0.28
Ev13.05 3016 14597  459.83 0.81 058 104 175 0.04 022 073 0.02 0.27
Ev13.06 3021 14581 23857 062 454 82 153 073 034 143 0.05 0.7
Ev13.0-7 30.26 1457 98.58 0.09 4.01 7.7 141 0.05 0.22 056 0.02 02
Ev13.08 3036 14536 97.56 0.08 7.87 1518 2989 0.08 0.85 06 0.02 02
Ev15.0-1 3466 13521 8485 0.1 855 16.66 325 0 061 06 0.02 02
Ev15.0-2 3476 1350 8435 0.09 772 1517 298 -0.06 0.6 06 0.02 02
Ev15.03 3486 13479 21071 0.64 3.93 691 12.03 037 -115 133 0.05 053
Ev 15.0-4 349 13458 17135 055 9.71 1599 2806 151 253 183 0.06 075
Ev15.06 35.16 1341 7668 0 844 1648 3228 -0.01 0.74 06 0.02 02
Ev16.1-21 3702 12952 98.62 0.19 5.79 1163 2369 -0.18 148 056 0.02 02
Ev16.1-20 3712 12927 12199 035 077 143 335 0.03 063 372 0.13 165
Ev16.1-19 3722 12903 199.17 06 127 201 435 -0.22 -1.18 153 0.05 062
Ev16.1-17 3742 12851 11425 03 874 1539 27.78 0.84 -166 4.44 0.16 2
Ev16.2-15 3762 12807 105.46 0.25 298 701 1327 -0.62 -0.09 53 0.19 244
Ev16.2-14 3772 12785 25658 0.69 163 339 7.08 012 062 111 0.04 043
Ev16.2-13 3777 12776 460.59 0.83 32 55 11.04 037 057 0.68 0.02 0.25
Ev16.2-11 37.92 1274 8197 0.03 8.17 1566 2984 0.14 -0.12 06 0.02 02
Ev163-10 3802 12718 1478 0.46 423 839 1658 -0.08 0.8 252 0.09 107
Ev16.39 3812 12696  143.52 0.45 3.67 6.9 1373 0.1 047 261 0.09 111
Ev16.3-8 38.22 1267 100.83 021 258 557 1339 -0.28 279 6.1 0.22 2.86
Ev16.47 38.32 1264 1211 0.34 5.42 817 1341 121 207 3.85 0.14 171
Ev 16.4-6 3842 12614 499.95 0.84 577 971 -17.08 076 132 0.65 0.02 024
Ev16.4-5 3847 12604  1020.93 0.92 -0.03 0 0.95 -0.03 0.95 0.49 0.02 0.17
Ev 16.4-4 3852 12589 794.15 0.9 9.93 1647 29.95 148 -157 0.3 0.02 0.19
Ev16.43 3857 12579  307.83 0.74 1438 2374 42.89 222 269 0.3 0.03 035
Ev16.4-2 3862 12563 10543 025 1378 2383 4431 153 -165 53 0.19 244
Ev16.4-1 3872 12536 7944 0 851 1652 3246 0.04 0.84 056 0.02 0.2
Ev17.06 3912 12431 8536 021 7.93 1505 3857 02 9.7 6.11 0.22 2.86
Ev17.05 39.24 1240 11401 0.41 229 435 13.08 0.06 481 3.01 011 13
Ev17.0-4 3936 12363 12082 0.44 -0.01 176 872 -0.92 537 27 0.1 116
Ev17.0-3 3948 12331 23161 0 171 -2.36 -1.98 -0.49 249 1.04 0.04 0.4
Ev17.02 396 1230 13159 0.49 1062 1815 3538 138 0.1 226 0.08 0.95
Ev17.0-1 3972 12271 67.44 0 7.81 1517 2433 0.03 -4.68 06 0.02 02
Ev18.1-12 4117 1191 13953 055 678 1279 3073 0.22 63 183 0.06 075
Ev18.1-11 4124 11889 10131 0.37 854 1659 3935 0.03 7.59 3.46 0.12 152
Ev18.25 4185 11723 37846 0.83 328 631 144 0.04 239 0.68 0.02 0.25
Ev18.24 a9 11708 28273 078 8.19 1444 2679 078 -0.83 0.81 0.03 03
Ev18.23 4195 11634 16154 0.1 686 1277 2 03 059 148 0.05 0.5
Ev19.0-5 442 11102 14817 0.47 2.6 4.59 9.33 02 06 243 0.09 103
Ev21.13 472 10395 1014 0.1 8.43 1573 3003 036 -0.06 06 0.02 02
Ev21.26 475 10311 12529 027 1269 233 4249 076 225 494 0.18 226
Ev22.0-1 5004 9656  89.93 0 756 1461 2916 0.06 122 056 0.02 02
Ev22.0-2 s0.02 9637 14287 0.37 5.75 10.61 1892 03 -134 3.46 0.12 152
Ev22.03 502 96L7  197.73 055 6.63 175 2081 06 -162 183 0.06 075
Ev22.0-4 5028 9598  158.93 0.43 4.09 7.6 1185 0.41 179 28 0.1 12
Ev22.05 5036 9573 9141 0.02 756 1444 2835 0.15 073 06 0.02 02
Ev 23.0-4 5253 9011 159 0.48 114 1934 3524 148 -1.83 235 0.08 0.99
Ev24.24 sal6 8569  99.64 0.14 2,06 353 6.62 025 01 06 0.02 02
Ev25.05 5565 8187 12595 032 9.01 1647 3291 0.56 138 414 0.15 185
Ev27.2-10 6078 6825 13357 038 02 0.86 178 -0.24 0.14 334 0.12 146
Ev 28.0-4 6325 6101 13372 0.44 934 1695 3111 0.65 -134 27 0.1 116
Ev30.0-1 643 S8L1 99.4 0 73 1411 275 0.06 052 06 0.02 02
Ev30.0-2 6438 579.1 1502 033 193 -2.83 452 -0.47 0.85 3.99 0.14 178
Ev30.03 6446 5771 324 0.69 0.69 1 162 0.18 -0.28 111 0.04 043
Ev 30.0-4 645 5761 3185 0.68 3.83 6.05 10.06 071 -1.47 115 0.04 0.45
Ev30.05 64.54 575 206.7 051 422 6.3 13.04 0.66 -0.07 211 0.07 0.884
Ev30.0-6 6462 57238 1092 0.07 1063 2037 3994 0.19 0.88 06 0.02 0.2
Ev31.0-1 6552 5477 103 0 75 1442 2818 0.1 0561 06 0.02 02
Ev31.0-2 656 5851 159 0.35 -2.19 371 -6.41 -0.28 0.63 3.72 0.13 165
Ev31.03 65.68 543 264 0.1 039 -0.88 -195 0.07 027 148 0.05 0.59
Ev31.0-4 65.76 541 1635 037 484 753 1224 0.7 212 3.46 0.12 152
Ev31.05 6584 5384 125 0.18 se8 1138 2177 0.13 0.03 06 0.02 02
Ev31.0-6 6592 5364 103 0 8.19 1589 3078 0.04 038 06 0.02 02
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Evi30.0-4
Evi30.0-5
Evi30.0-6
Evi31.0-1
Evi31.0-2
Evi31.0-3
Evi31.0-4
Evi31.0-5
Evi31.0-6
Evi32.0-4
Evi33.0-4
Evi33.0-5
Evi35.0-2
Evi35.0-3
Evi35.0-4
Ev37.0-1
EvB7.0-2
EvB37.0-3
EVB7.0-4
Ev38.0-1
Evi38.0-2
Evi38.0-4
Evi38.0-5
Ev0.0-3
Ev0.0-4
Ev#1.0-3
Ev1.0-4
Ev4.0-1
Evi4.0-2
Ev4.0-3
Evi4.0-4
Ev4.0-5
Ev6.1-1
Ev6.1-2
Ev®6.1-3
Ev6.1-4
Ev#6.1-5
Ev#6.1-6
Ev#6.1-7
Ev#6.2-8
Ev#6.2-9
Ev#6.2-10
Evi#6.2-11
Ev#6.2-12
Ev#6.2-13
Ev6.3-15
Ev6.3-16
Ev®6.3-17
Evi6.3-18
Ev6.3-19
Ev8.0-1
Ev8.0-2
EV®8.0-3
Ev9.0-1
Ev9.0-2
EV9.0-3
EV9.0-4
EV9.0-5
EV9.0-6
Ev#9.0-7
Ev®0.1-1
Evi®0.1-2
Ev®0.1-3
Ev®0.2-5
Evi®0.2-6
Evi®0.3-7
Evi®0.3-8
Evi50.3-9
Evi50.3-10
Evi51.0-1
Evi51.0-2
Ev51.0-3
Evi51.0-4
Ev51.0-5

64.5
64.54
64.62
65.52

65.6
65.68
65.76
65.84
65.92

67.6
69.46
69.52
75.95
76.04
76.13
77.05
77.13
77.21
77.29
78.18
78.26
78.42

785
84.55

84.6
85.42
85.49
87.56
87.64
87.72

87.8
87.88
90.22
90.31

90.4
90.45
90.49
90.58
90.67
90.76
90.85
90.94
91.03
91.12
91.21
91.39
91.48
91.57
91.66
91.75
94.71
94.79
94.87
97.06
97.15

97.2
97.24
97.33
97.42
97.51
98.16
98.25
98.34
98.52
98.61

98.7
98.79
98.88
98.97
99.88
99.97

100.06
100.15
100.24

576.1
575
572.8
547.7
545.1
543
541
538.4
536.4
490.6
434.2
432.6
240.4
237.6
235
209.7
207.6
205
202.4
176
173.3
168.5
166.5
-5.5
-6.8
-35.9
-38.3
-118.6
-120.7
-123.6
-125.7
-128.5
-204.6
-207.3
-210.1
-212
-213.2
-215.4
-217.7
-220.8
-223.7
-226.6
-230.2
-233.3
-236.1
-241.3
-243.9
-247.2
-249.9
-252.6
-343.3
-345.5
-348.1
-422.7
-426.4
-427.9
-429.3
-432.1
-435.5
-438.2
-460.3
-463.1
-466.6
-472.2
-475.7
-478.3
-480.9
-483.6
-487
-518.2
-521.9
-524.8
-528.5
-530.8

3185
206.7
109.2
103
159
264
163.5
125
103
128.6
145

88
176.6
186.31
112.65
140
164.3
129.4
97.02
103.33
158.08
121.4
113
176.44
176.3
122.36
126.27
81.39
137.61
180.24
184.93
106.22
94.79
181.27
253.38
224.09
151.6
120.01
101.27
84.31
105.46
126.76
126.7
125.93
72.64
76.87
118.02
166.45
126.85
96.46
146.71
155.73
97.23
128.22
323.36
350.67
194.83
144.7
115.1
90.21
103.19
137.38
162.93
129.28
104.23
93.35
130.19
136.64
77.83
86.02
109.34
147.62
173.35
98.46

0.68
0.51
0.07

0.35
0.61
0.37
0.18

0.37
0.39

0.54
0.56
0.28
031
0.41
0.25

0.35
0.15
0.09
0.41
0.41
0.28

0.41
0.55
0.56
0.23
0.33
0.65
0.75
0.72
0.58
0.47
0.37
0.25

0.5
0.5

0.13
0.18
0.46
0.62

0.5
0.34
0.34
0.38

0.3
0.72
0.74
0.54
0.38
0.22

0.25
0.43
0.52

0.25
0.17

0.43

0.21
0.42

0.5
0.13

3.83
4.22
10.63

-2.19
-0.39
4.84
5.98
8.19
2.87
5.17
8.54
1.71
0.55
8.41
-1.59
-9.18
6.06
7.06
6.73
-4.68
6.57
7.57
7.95
8.93
-1.95

4.46
9.26
5.43
9.17
14.68

2.83
4.53

6.71
5.57
6.28
9.68
7.15
5.26
6.26
6.02
8.24
8.97
3.01
6.86
4.72

-0.96
0.18
7.86

-6.25

-3.71
6.82
7.91
9.29
3.68
8.32
8.81
8.13
6.52
3.64
1.05
8.51
3.69
1.92
8.84
9.06

-1.12
0.75
2.98

6.05
6.93
20.37
14.42
-3.71
-0.88
7.53
11.38
15.89

16.48
3.54
0.92

15.33

-2.47
-18.05

11.71

13.63
13.2

-8.49

12.59

14.62

14.68

16.51

-3.96

8.58
14.26
10.31
16.77
28.57
13.28

5.65

8.21
10.02
12.42
10.91
11.46
17.94

141

10
12.16

11.8
15.92
17.45

12.85
8.48
-17.04

031
15.26
-10.27
-6
11.39
13.89
17.19
7.11
15.93
17.37
15.97
12.79
7.31
237
16.43
7.19
353
17.07
17.67
5.99
-1.75
113
5.59

10.06
13.04
39.94
28.18
-6.41
-1.95
12.24
21.77
30.78
10.05
17.64
31.71
6.99
1.99
27.75
-5.17
-36.03
20.08
26.8
26.05
-16.77
24.33
28.58
26.31
30.02
-7.82
18.3
16.39
27.41
18.86
30.63
55.53
27.1
11.01
15.16
18.14
22.56
21.23
20.81
33.37
27.79
19.01
23.69
23.17
30.89
33.48
14.19
25.22
15.81
-33.25
-3.55
0.66
29.63
-16.27
-9.6
2091
24.97
30.95
14.39
30.53
33.2
30.85
24.34
14.31
4.48
31.58
13.69
6.31
3294
34.14
11.3
-2.98
1.94
10.92

0.71
0.66
0.19

-0.28
0.07
0.97
0.13
0.04
0.09
0.54
0.08

-0.11
0.07
0.54

-0.31
0.15
0.05
0.07

-0.05

-0.3
0.1
0.07
0.42
0.46
0.09
0.06
0.06
1.94
0.14
0.56
0.07

-0.21

-0.08
0.32
0.56
0.33

-0.04

0.4
0.48

-0.09
0.12
0.02

-0.04
0.07
0.02

-0.53
0.27
0.36
031

-0.04
0.01
0.03

-0.94

-0.61
0.97
0.78
0.48
0.03
0.14

-0.1

-0.06

-0.05

-0.12

-0.17
0.09

0.11
0.09

-0.18
-0.22
0.17
0.11

-1.47
-0.17
0.88
0.61
0.63
-0.27
-2.12
0.03
0.38
-0.24
0.48
0.16
0.26
0.24
-1.58
-0.49
-2.01
-2.29
0.75
0.83

0.28
0.61
-1.76
-1.58
-0.31
0.36
0.03
0.14
-0.82
-1.48
0.54
1.72
0.24
-0.49
-0.98
-1.18

-1.07
-0.99
0.83
-0.08
0.46
0.63
0.42
0.06
1.04
0.67
-0.36
-1.13
-0.13
0.06
0.45
3.15
1.78
-0.84
-1.59
-1.97
0.84
0.04
-0.06
0.28
-0.1
0.38
-0.03
0.14
-0.01
-0.41
0.26

-0.11
0.34
-0.21
0.27

3.01
4.77
444

3.01
1.83
1.77
5.69
3.99
1.28

0.9

1.65

0.04
0.07
0.02
0.02
0.13
0.05
0.12
0.02
0.02
0.12
0.12
0.02
0.07
0.06
0.17
0.16
0.11
0.19
0.02
0.02
0.13
0.02
0.02
0.11
0.11
0.17
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0.02
0.11
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0.14
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0.09
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0.19
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0.08
0.08
0.08
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0.14
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0.03
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0.1
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0.11
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0.11
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0.22

0.08
0.02
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Dataset S1. Isotopic results used in that study, with associated uncertainties. Isotopic values
are background-corrected for volcanic fractions > 0.2. Otherwise, mass-spectrometer values
are given and uncertainties do not take into account error propagation. Top depth represents
the depth in core 1 of the top of the sample, and “estimated age” corresponds to the age of this
depth.
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