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Fig. $3. Maximum pumice Mp isopleths (mm) for the F1 Plinian pumice fallout unit of the Samalas eruption. The presence of pumice clasts of up to 50 mm at
46-km distance SE from the vent on Sumbawa attests to the large magnitude of the F1 ultraplinian phase of the Samalas eruption. This tendency is confirmed
by the limited M, dataset that shows lithics of up to 35 mm at 27 km SE from the source on the eastern coastline of Lombok.
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Fig. S4. Dynamic parameters of the A.D.1257 eruption of Samalas. (A) Mass discharge rate (MDR) and volumetric eruption rate (VER). The maximum height Hy
of the column was estimated as ~43 km + 8.6 km using the model of Carey and Sparks (1) and the data for the 2- and 3-cm isopleths for pumice clasts. Limited
data from the maximum lithic clast 2.4-cm isopleth yield a minimum Hy value of 43 km (no lithic clasts larger than 2.4 cm were found in distal parts of the
deposit). The geometry of the pumice isopleths shows, according to theoretical relationships of Carey and Sparks (1), that the F1 convective column formed in
a strong crosswind with estimated velocity >20 m-s™", as determined using 0.8-cm-diameter clasts with a density of 2,500 kg-m™3, which are equivalent to the F1
pumice clasts of 4-cm-diameter and a clast density of 500 kg.m™ highe,r but compatible with the density of the Samalas F1 pumice of 380 kg-m~. (B) Thickness
half-distance By versus clast-size half-distance - thickness half-distance ratio Bc/By for pumice or lithic clasts for the Samalas F1 Plinian phase. Following Pyle (2)
and Bonadonna et al. (3), the Samalas F1 Plinian fall has a thickness half-distance By of 16.4 km and a clast-size half-distance distance of 22.6 km for pumice
clasts and 29.6 km for lithic clasts, typical of some of the highest magnitude Plinian eruptions (3), as evidenced also by the very high dispersal index. The
Salamas F1 plinian deposit plots in the ultraplinian field (4), with a column in excess of the theoretical limit of 55 km in still air.

1. Carey S, Sparks RSJ (1986) Quantitative models of fallout and dispersal of tephra from volcanic eruption columns. Bull Volcanol 48(109):109-125.

2. Pyle DM (2000) Sizes of volcanic eruptions. Encyclopedia of Volcanoes, eds Sigurdsson H, Houghton B, Rymer H, Stix J, McNutt S (Academic, San Diego), pp 263-269.

3. Bonadonna C, Ernst GGJ, Sparks RSJ (1998) Thickness variations and volume estimates of tephra fall deposits: The importance of particle Reynolds number. J Volcanol Geotherm
Res 81(34):173-187.

4. Walker GPL (1973) Explosive Volcanic Eruptions—A new classification scheme. Geol Rundsch 62:431-446.
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Fig. S5. Maximum height (Ht) of the column for the plinian F1 phase of the mid-13y, century eruption of Samalas volcano. The maximum height Hy of the
column was estimated as ~43 km + 8.6 km using the model of Carey and Sparks (1) and the data for the 2 and 3 cm isopleths for pumice clasts (A). Limited data
from the maximum lithic clast 2.4 cm isopleth (B) yield a minimum Hy value of 43 km (no lithic clasts larger than 2.4 cm were found in distal parts of the
deposit). Column heights on the curves are shown in km as Hy (Hg), for example 25 (35.6), with Hy the total column height and Hg the height of neutral
buoyancy of the column. These data correspond to a neutral buoyancy Hg height of 30 km derived, respectively, from the pumice and lithic isopleths for the F1
fallout unit and based on empirical relationships from Sparks (2) and Pyle (3). The geometry of the pumice isopleths shows, according to theoretical rela-
tionships of Carey and Sparks (1), that the F1 convective column formed in a strong crosswind with estimated velocity > 20 m.s™' as determined using 0.8-cm
diameter clasts with a density of 2500 kg.m™3, which are equivalent to the F1 pumice clasts of 4 cm diameter and a clast density of 500 kg.m™3 higher but

compatible with the density of the Samalas F1 pumice of 380 kg.m~.

1. Carey S, Sparks RSJ (1986) Quantitative models of fallout and dispersal of tephra from volcanic eruption columns. Bulletin of Volcanology 48(109):109-125.
2. Sparks RSJ (1986) The dimension and dynamics of volcanic eruption columns. Bulletin of Volcanology 48(1):3-15.
3. Pyle DM (2000) Sizes of volcanic eruptions. in Encyclopedia of Volcanoes. (Academic Press, San Diego) pp. 263-269.
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Fig. S6. Log isopach thickness versus isopach area®>. The exponential thinning of pumice fallout deposits for the Samalas F1 and F3 Plinian pumice fallout units
allows a determination of the total erupted volume and its uncertainty using methodologies developed by Pyle (1), Sulpizio (2), and Fierstein and Nathenson (3).
The uncertainty in the distal volume of units F1 and F3 is largely controlled by the slope of the distal segment S2 (dotted lines) of the exponential thinning law
(the lower the slope, the greater the distal volume) in the volume computation following the methodology of Fierstein and Nathenson (3). The volume data is
compared to the Tambora F4 Plinian fallout unit and the F5 umbrella cloud ash fallout unit, modified after Sigurdsson and Carey (4) and Self et al. (5).

. Pyle DM (2000) Sizes of volcanic eruptions. Encyclopedia of Volcanoes, eds Sigurdsson H, Houghton B, Rymer H, Stix J, McNutt S (Academic, San Diego), pp 263-269.

. Sulpizio R (2005) Three empirical methods for the calculation of distal volume of tephra-fall deposits. J Volcanol Geotherm Res 145(3-4):315-336

. Fierstein J, Nathanson M (1992) Another look at the calculation of fallout tephra volume. Bull Volcanol 54(2):156-167.

. Sigurdsson H, Carey S (1989) Plinian and co-ignimbrite tephra fall from the 1815 eruption of Tambora volcano. Bull Volcanol 51(4):243-270.

. Self S, Gertisser R, Thordarson T, Rampino MR, Wolff JA (2004) Magma volume, volatile emissions, and stratospheric aerosols from the 1815 eruption of Tambora. Geophys Res Lett 31:
L20608.
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Fig. S7. Pyroclastic density current (PDC) deposits emplaced during the 13th eruption of Samalas. (A) Sedau village, southwest flank, 22 km from the caldera
rim. (B and C) North flank, 20 km from the caldera rim. (D) Pumice cliff on the northwest coast of Lombok (photos: A, C, and D courtesy of F.L.; B courtesy of
J.-P.D.). Between 10 and 20 km from the caldera rim, ignimbrites are deeply downcut by rivers (A-C). Successions of PDC and pyroclastic-fall deposits from the
13th century eruption form the entire valley walls up to thicknesses of 30 m. The Samalas PDCs entirely modified the precaldera topography, filling former
valleys, and resulting in relief inversion following subsequent erosion. On the northwest coast, a remnant of the ignimbrite at 23 km from the caldera rim
forms a 35-m-high recessive cliff (D), suggesting that a substantial part of the PDCs entered the sea.
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Table S1. The largest well-documented volcanic eruptions (M > 5) during the Holocene
Bulk
deposit DRE
Deposit volume volume Adjusted Mass eruption ~ Maximum
Volcano Country name (km?3) (km?3) mass (kg) rate (kg/s) magnitude* Intensity" Age Source
Kurile Lake Kamchatka, KO 170 80 1.92 x 10™ 7.3 6460-6414 1)
Russia cal B.C.
Santorini Greece Minoan* 60 1.48 x 10" 2.50 x 108 7.2 11.4 1627-1600 2, 3)
cal B.C.
Mazama Oregon, Lower 52 1.28 x 10" 71 5677 (4, 5)
(Crater Lake) United pumice® cal B.C.
States
Samalas Indonesia 1257 A.D.¥ § >40 9.90 x 1037 1.10 x 10° 7.0 12.0  Cal A.D.1257 Present
work
llopango El Salvador Tierra 84 39 8.15 x 10" 6.9 Cal AD.536 (6.7)
Blanca
Joven
Tambora Indonesia  A.D. 1815 * >33 8.15 x 10"3 2.8 x 108 6.9 11.4 A.D. 1815 (8, 9)
Taupo New A.D.180 105 35 8.00 x 10" 1.10 x 10° 6.9 120 AD.232+5 (8 10, 11)
Zealand
Aniakchak Alaska, 3430 B.P. 27 6.21x 10" 6.8 1645 B.C. (12-14)
United
States
Changbaishan/ China/North  Millenium 96 24.5 5.64 x 10" 6.8 Cal AD. 946 (15, 16)
Baitoushan Korea eruption
Quilotoa Ecuador 800 B.P. 21.3 18.7 422 x10™ 2.00 x 10® 6.6 11.3 Cal A.D. 1275 (17, 18)
Katmai - Alaska, Valley of 17 6.8  3.00x 10" 1.00 x 108 6.5 11.0 A.D.1912 (8, 19)
Novarupta United 10 000
States Smokes
Krakatau Indonesia A.D. 1883 18-21 12.5 3.00 x 10" 5.00 x 107 6.5 10.7 A.D. 1883 (8, 20)
Santa Maria Guatemala A.D. 1902  20.2 86  2.00x 10" 1.70 x 10® 6.3 11.2 A.D. 1902 (8, 21)
Quizapu Chile A.D. 1932 9.5 4 9.72 x 10" 1.50 x 108 6.0 11.2 A.D. 1932 (22)
plinian
Pinatubo Philippines  A.D. 1991 5 1.10 x 10" 4,00 x 108 6.0 11.6 A.D. 1991 (8)
Vesuvius Italy A.D. 79 325 6.00 x 10" 1.50 x 108 5.8 11.2 A.D. 79 (8, 23)
Rungwe Tanzania Rungwe 3.2-5.8 1.4 2.00x 10" 4.80 x 108 5.3 11.7  ca. 4000 B.P. (24
pumice
Huaynaputina Peru A.D. 1600 7 2.6 1.30 x 102 2.40 x 108 5.1 1.4 A.D. 1600 (25)
Stage |
Chichon Mexico Unit B 550 2.8 1.1 1.05 x 10" 1.00 x 108 5.0 11.0 Cal AD. (26)
BP 1320-1433

*M = logje(erupted mass kg) — 7.

I = loge(mass eruption rate kg/s) + 3.
*Erupted mass is taken assuming an average of 2,470 kg-m? for the dense-rock equivalent (DRE) density like for Samalas and Tambora.
SMinimum magnitude as uncertainty on distal to very distal ash bulk volume is significant.
IMinimum value, that of the calculated missing caldera.

199-222.
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Table S2. Geochemical composition of matrix glass from the Samalas pyroclastic fall deposits
(electron microprobe analysis)

F1 matrix glass F2 matrix glass F3 matrix glass
Oxide/element Mean +1 osp Mean +1 o5p Mean +1 osp
SiO; (wt.%) 66.66 1.6 67.11 1.35 67.47 1.39
TiO, (wt.%) 0.47 0.11 0.45 0.1 0.43 0.1
Al,03 (Wt.%) 16.04 0.37 15.87 0.28 15.5 0.49
FeO (wt.%) 2.77 0.19 2.57 0.21 2.56 0.2
MnO (wt.%) 0.14 0.06 0.14 0.07 0.14 0.06
MgO (wt.%) 0.74 0.07 0.67 0.05 0.61 0.09
CaO (wt.%) 2.22 0.16 2.08 0.14 1.78 0.19
Na,O (wt.%) 3.99 0.33 3.84 0.37 3.74 0.3
K;0 (wt.%) 4.04 0.15 4.14 0.2 4.38 0.19
P,0s5 (wt.%) 0.29 0.06 0.3 0.01 0.26 0.08
S (ppm) 94 63 58 29 57 45
Cl (ppm) 1,881 477 2,241 114 2,040 787
F (ppm) 359 110 307 85 272 134
Total (wt.%) 97.57 97.43 97.09
Na,O/K,0 0.99 0.93 0.85
N major 85 28 52
N volatile 72 17 61
Normalized to 100% for eight oxides
SiO, (wt.%) 68.78 0.49 69.37 0.39 69.95 0.54
TiO, (wt.%) 0.48 0.11 0.46 0.1 0.44 0.1
Al,03 (Wt.%) 16.55 0.26 16.41 0.29 16.07 0.38
FeO (wt.%) 2.86 0.18 2.66 0.2 2.65 0.2
MgO (wt.%) 0.76 0.07 0.7 0.05 0.63 0.09
Ca0 (wt.%) 2.3 0.18 2.15 0.13 1.84 0.19
Na,O (wt.%) 4.1 0.31 3.97 0.35 3.87 0.28
K50 (wt.%) 4.17 0.15 4.28 0.18 4.54 0.18

Compositions was normalized to 100% for eight oxides to compare them with the available composition of
the glass shard from the A.D. 1257-1259 event evidenced in the polar ice cores (1). n = number of analysis.

1. Sigurdsson H, Carey S (1989) Plinian and co-ignimbrite tephra fall from the 1815 eruption of Tambora volcano. Bull Volcanol 51(4):243-270.
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