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Supplementary Note 1. Additional cryptotephra findings

In our study, we focused on tephra populations which we defined as multiple shards in the same sub-sample with a near identical
chemistry on all major elements. In addition to the Baekdu shards described in the main text we also identified tephra populations
in T3 and T7 (Supplementary Data 1). To identify a potential candidate for these eruptions we first looked at source region, based
on large compilations of glass geochemical data from Alaska, Iceland, Japan, and Kamchatka (Supplementary Fig. 11). This shows
that Alaska, Iceland, and Kamchatka are all credible source regions.

We next looked at NH eruptions that occurred within the time frame of 945-950 CE (Supplementary Table 3). Through the
comparison of chemical composition, the only overlap was with proximal ash deposit of Mt. Rainier! (Supplementary Fig. 12). In
Supplementary Figure 13, we present the major element chemistry data of an eruption of Mt. Rainer that has been dated to
approximately 1,040 + 410 cal years BP* (cal year refers to radiocarbon ages calibrated to calendar year; BP, before the present).
This corresponds to the time period of 910 + 410 CE and overlaps our precise ice core age of 946-947 CE. A good match is seen
on most major elements, although there is offset on MgO (Supplementary Fig. 13).

Various types of potential tephra shards were also found in sample T6, T8, T9, and T10, but are unclear whether they are a
primary tephra deposit because there are only one or two shards, chemistries were not consistent between shards, and Na was too
low for fresh glass. Plunkett et al.? suggested that a rhyolite shard discovered together with the ME tephra in the NEEM-2011-S1
ice core by Sun et al.? (referred to as QUB-1819c) (Fig. 1), likely originated from volcanoes nearby Japan. A single shard that has
similar chemistry with the QUB-1819c was found in T8 (Supplementary Data 1). A rhyolite shard found in sample T10 closely
resembled the ME fallout (Supplementary Data 1), which may represent either a primary volcanic ashfall* from another rhyolitic

volcanic eruption or resuspension of ME fallout.



Table S1. Discrete measurement results of sulfur concentration and isotope data from NGRIP1 ice core samples and estimated volcanic fractions and its sulfur isotopic ratio.

Top Bottom S 8%S error %3S error ATS fok 8" S 5 Svak A"Svor Sample
Depth Depth (opb) 3%s (20) 5%S (20) A®S error  fye  error 3*Svorc error 3%3Sorc error  A®Sy,c  error name
(m) (m) (20) (20) (20) (20) (20)
217.800 217950 15.1 6.82 0.11 3.43 0.11 -0.07 0.09 T10
217950 218.050 15.6 7.87 0.11 4.07 0.11 0.03 0.09
218.050 218.150 14.7 7.72 0.11 4.02 0.11 0.05 0.09 T9
218.150 218250 12.7 8.53 0.11 4.43 0.11 0.05 0.09
218.250 218350 15.2 7.32 0.11 3.73 0.11 -0.03 0.09
218.350 218.400 24.0 6.91 0.11 3.65 0.11 0.09 0.09 0.60 0.11 4.57 1.20 2.47 0.60 0.12 0.33 T
218.400 218450 20.2 6.92 0.11 3.54 0.11 -0.02 0.09 T7
218.450 218475 38.3 6.42 0.11 3.30 0.11 0.00 0.09 0.75 0.07 5.12 0.54 2.62 0.28 -0.01 0.17 T6
218.475 218500 60.8 6.63 0.11 3.45 0.11 0.04 0.09 0.84 0.05 5.95 0.29 3.10 0.16 0.04 0.12 T5
218,500 218550 24.3 6.92 0.11 3.51 0.11 -0.04 0.09 0.61 0.10 4.64 1.15 2.27 0.62 -0.11 0.32 T4
218,550 218650 17.1 7.34 0.11 3.82 0.11 0.05 0.09 T3
218.650 218.750 14.3 8.32 0.11 4.25 0.11 -0.03 0.09 T2
218.750 218.900 9.5 10.21 0.11 5.30 0.11 0.06 0.09 T1




Table S2. The monthly net accumulation rate and values used for the annual net accumulation model. Monthly net accumulations were derived based on Shuman et al.>.

Days after 1 November Date Monthly net accumulation (mm) Uncertainty (1 o) Fraction of annual net accumulation  Uncertainty (1 6)

0 01-Nov. 0.000 0.000
30 01-Dec. 11.23 0.80 0.055 0.012
61 01-Jan. 11.30 1.72 0.115 0.013
92 01-Feb. 11.22 1.08 0.174 0.016
120 01-Mar. 11.72 2.82 0.233 0.018
151 01-Apr. 13.98 0.38 0.294 0.021
182 01-May 15.71 1.21 0.367 0.023
212 01-Jun. 22.79 2.44 0.450 0.026
242 01-Jul. 19.53 1.81 0.571 0.030
274 01-Aug. 18.47 1.35 0.673 0.033
304 01-Sept. 22.93 6.85 0.771 0.037
334 01-Oct. 21.86 5.74 0.887 0.028
365 01-Nov. 10.55 2.19 1.000 0.000




Table S3. Candidate volcanic eruptions in the northern hemisphere representing the tephra shards found in NGRIP1 ice core (based on the Smithsonian Institution Global VVolcanism

Program).

Eruption year

Volcano name Country (CE) Latitude  Longitude VEI Reference for chemical composition of proximal fallouts or tephra shards
Edziza Canada 950 + 1000 57.72 -130.63 3 (6)
Ljosufjoll Iceland 960 + 10 64.90 -22.48 3 (7
Oddnyjarhnjukur-Langjokull  Iceland 950 £ 50 6485 1970 2 Smithsonian Institution Global Volcanism Program
https://volcano.si.edu/
Bérdarbunga (Veidivotn) Iceland 940 (?) 64.63 -17.52 - (8)
o 910+ 75 2
Brennisteinsfjoll Iceland 950 (7) 63.93 -21.78 5 9
Katla Iceland 950 (?) 63.63 19.08 3 (20)
) Japan Meteorological Agency, 2013.
Adatarayama Japan 950 £ 50 37.65 140.28 https://www.data.jma.go.jp/vois/data/tokyo/STOCK/souran_eng/menu.htm
S Japan Meteorological Agency, 2013.
Kirishimayama Japan 945 31.93 130.86 2 https://www.data.jma.go.jp/vois/data/tokyo/STOCK/souran_eng/menu.htm
. .. ) Japan Meteorological Agency, 2013.
Kuchinoerabujima Japan 970 £75 30.44 130.22 https://www.data.jma.go.jp/vois/data/tokyo/STOCK/souran_eng/menu.htm
Akan Japan 950 (?) 43.38 144.01 - (11)
Tokachidake Japan 950 + 50 43.42 142.69 - (12)
Terceira Portugal 920 £ 50 38.73 -27.32 - (13)
Picos Fissural Volcanic 0 001 940+ 100 37.78 -25.67 - (14)
System
Sete Cidades Portugal 950 + 100 37.87 -25.79 2 (14)
Karymsky Russia 950 (?) 54.05 159.44 - (15)
Mutnovsky Russia 950 (?) 52.45 158.20 2 (16)
Shiveluch Russia 970 (?) £ 80 56.65 161.36 4 a7


https://volcano.si.edu/
https://www.data.jma.go.jp/vois/data/tokyo/STOCK/souran_eng/menu.htm
https://www.data.jma.go.jp/vois/data/tokyo/STOCK/souran_eng/menu.htm
https://www.data.jma.go.jp/vois/data/tokyo/STOCK/souran_eng/menu.htm
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Figure S1. Location of volcanoes and ice-core sites (NEEM-2011-S1, NGRIP1, and WAIS Divide) discussed in the text. Isopachs of ME

(blue line) are from Yang et al.?®. 1 cm and 0.1 cm indicate the thickness of the isopachs.



Figure S2. Several tephra shard images found in sample from T3 to T6 from NGRIP1 ice-core. Images were acquired by scanning

electron microscopy (SEM) using either the secondary electron detector (SED).
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Figure S3. Several tephra shard images found in sample from T8 to T10 from NGRIP1 ice-core. Images were acquired by scanning

electron microscopy (SEM) using either the secondary electron detector (SED).
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Figure S5. Various ions and insoluble particle concentrations. The pink vertical bar covers the depth range corresponding to the ME. (a)

Results of NGRIP1 (This study). (b) Results of NGRIP2 are from McConnell%. (c) Results of NEEM-2011-S1 are from Sigl et al.?°.
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Figure S6. DRI measurements of insoluble particle concentrations of NGRIP1. T3 to T7 represent consecutive ice samples for tephra

shard analysis, with corresponding depths shown at the bottom of the panel.
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Figure S8. Histogram and cumulative probability of the time interval estimate between Spike 1 and 2 of the large insoluble particle

concentrations obtained from 1,000 Monte Carlo simulations.
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Figure S10. Monthly average net accumulation across the sites (red line) and that of each site (NGT39, NGT41, NGT43, and NGT45) in
north central Greenland during 1991-1995°. The error bars shown are the standard deviation of all data points for the relevant month (1 o).

See methods section for more information.
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Figure S11. Comparison of chemical composition between tephra population found in sample T3 and T4, and with several regional tephra
databases (e.g. Alaska, Iceland, Japan, and Kamchatka). Alaskan data are from Cameron et al.**. Icelandic data are from Tephrabase
(https://www.tephrabase.org/). Japanese data are from Schindlbeck et al., Chen et al., Albert et al., and Smith et al.®>-*, Kamchatka data are

from Portnyagin et al.*.
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Figure S12. SiO; and KO bi-plot for tephra populations found in sample T3 and T7, and proximal or distal tephra shards of candidate
volcanoes. (a) Japan and Portugal, (b) Iceland, (c) North America, and (d) Russia. Refer to Supplementary Table 3 for references. Diagram
of candidate volcanoes from Ljosufjoll, Oddnyjarhnjukur-Langjokull, Adatarayama, Kirishimayama, Kuchinoerabujima, Akan, Picos

Fissural VVolcanic System, Glacier Peak, and Adams were not available because of lack of measurement results.
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