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Fig. S1. Histogram of the K2O glass composition of the DS_137.51 low-resolution Campanian Ignimbrite shards. Following Smith et al.[1], the grey shaded box shows the more evolved compositions of the early Plinian and Lower Flow deposit. The distribution of the K2O from the Dead Sea shows the CI shards are from the fallout and the different PDC flows including the upper flow unit encompassing the full chemical composition of the CI eruption observed in other distal records.


Supplementary Discussion 1

The identification and correlation of volcanic shards that are not from Campi Flegrei
The following section focuses on presenting the other volcanic shards highlighted in the main paper but are not correlated to the Campanian Ignimbrite, Campi Flegrei. The subsequent geochemical composition of these “other” shards currently do not have a confident correlation to a known volcanic eruption from their proposed volcanic sources during this time period. 

The 5cm sample of DS_137.81
The glass shards of DS_137.81 had a mixed morphology that varied from fluted shards with elongated bubbles within, to cuspate and bubble walled shards. The shard preservation at this depth are mainly altered and with some unaltered looking shards, typical of the tephra shards found throughout the Dead Sea record[2]. A total of fourteen volcanic shards underwent geochemical analysis, revealing glasses that are heterogenous in chemical composition (Fig. S1a)
The dominant compositional group, Group 1 (n = 8) are rhyolitic with SiO2 ranging from 79.26 to 72.03 wt.% and K2O of 4.14 to 4.38 wt.% (Fig S1a). This group of shards are pantellerites with a distinctly high FeO (7.12-8.96 wt.%) and low Al2O3 (8.13-10.71 wt.%). Group 2 (n = 5) are also rhyolites (SiO2 71.60-73.01 wt.%) with a HKCA affinity (K2O 4.41-4.74 wt.%) with a lower FeO (3.38-3.69 wt.%), higher Al2O3 (12.87-13.84 wt.%) and low CaO (0.50-0.70 wt.%). A single shard shows higher SiO2 (76.51 wt.%), a HKCA affinity (4.48 wt.% K2O) and slightly lower FeO (2.52 wt.%). Another single shard is a trachyte with lower SiO2 (63.19 wt.%), higher K2O (6.93 wt.%) and higher Na2O (4.75 wt.%).
The dominant Group 1 with distinct composition of Fe-rich pantellerite shards can be correlated to an eruption originating from the volcanic island of Pantelleria (Sicily Channel). This volcano is known to produce distinct rhyolitic pantellerites, in addition to Nemrut from the Eastern Anatolian Volcanic Province (EAVP)[3,4]. However, the FeO values of Group 1 are too high for a correlation to Nemrut[5](Fig. S2 c-d). The largest known eruption from this volcano produced the Pantelleria Green Tuff (PGT, in marine records termed the Y6 tephra), directly dated to 45.7 ± 1.0 yrs BP by 40Ar/39Ar[6] (2). The tephra from this caldera-forming eruption has been found across the Mediterranean region[7–10]. However, though the shards from Group 1 of DS_137.81 show close composition correlation to the PGT, a precise correlation to the PGT can be questioned.
	Firstly, it can be proposed that Group 1 of DS_137.81 is younger than the ~45kya PGT. As this sample is within ~33cm of the first occurrence of the Campanian Ignimbrite, which itself is directly dated to 39.85 ± 0.14kya[11] (40Ar/39Ar, 2), the long continuous sedimentation rate of the Dead Sea would not allow for ~5-6 kya within this short depth span[12], even with the presence of turbidites. In addition, there are slight variations in chemical composition for certain elements between Group 1 and the PGT. Group 1 shows slightly higher CaO (0.35 to 0.56 wt.%) and lower MgO (0-0.04 wt.%) compared to the PGT (Fig. S2 c-d). 
	Evidence for younger eruptions originating from Pantelleria post-PGT have been suggested. Proximal records of pyroclastic flows and lava flows on the Island have been investigated and date to being younger than the PGT [13–15]. Mahood and Hildreth[13] have directly dated a trachyte lava from a vent at Mont Gibele on the island to 41-27kya (K/Ar), encompassing the possible age range of DS_137.81. In distal records, there are a limited number of records that contain post-PGT tephra layers in this time period. McGuire et al.[9] has identified a potential post-PGT but pre-CI pantellerite tephra layer, IO8T_31.19. Comparisons of DS_137.81 Group 1 to IO8T_31.19 show some compositional overlap but may indicate different eruptions from Pantelleria. However, IO8T_31.19 has also been suggested as being reworked from the older PGT at Ioannina due to post-depositional processes[9]. So far, only younger post-PGT tephra layers have been identified in records dating to the Holocene period[16,17]. Nonetheless, Group 1 of DS_137.81 can be seen as a potential post-PGT eruption from Pantelleria, though no prominent proximal or distal eruption deposit has been identified so far in other records with similar chemical compositions, future investigations are needed.
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Fig. S2. Geochemical analyses of all glass shards from the samples investigated. a) total alkalis total Alkali Silica (TAS[18]) plot of the individual glass shards from all the samples the Dead Sea discussed in the main paper; b) Major element bi-plot of these individual glasses; c-d) Comparisons of the Dead Sea samples with chemical composition similar to Pantelleria[8,9,19]; e-f) Comparisons of high-SiO2 rhyolitic shards from the Dead Sea to compared to similar high-SiO2 glass shards of Eastern Anatolian Volcanic Provence[5], Hellenic Arc[19–22], Central Anatolian Volcanic Provence[19,23–26] and Aeolian Islands[27]; g) Alkalinity Index of non-Pantellerite-type shards from all the Dead Sea shards discussed; h) Comparison of the trachyte shard from DS_137.81 to Campi Flegrei[19,28,29] and Ischia[19,28–30]
The five shards of Group 2 that have high SiO2 content and the single rhyolitic shard shows potential correlations to the Hellenic Arc, Greece and EAVP, Turkey. Due to their rhyolitic shards with high SiO2, Al2O3 and low CaO (Fig. S2e-f), a volcanic origin to the EAVP is most likely. However, DS_137.81 has a distinctly high FeO, higher than tephra layers that have been so far geochemically analysed in the Lake Van record as part of the TephroMed project[5]. The Nemrut volcano from this provenance is known to have produced distinctly geochemically different tephras with each eruption[5]. Currently, no direct correlation can be made to any tephra layers from this centre that have been currently investigated[5]. 
	The single trachyte shard from DS_137.81 can be correlated to an eruption from Ischia, Italy. The low alkali ratio (K2O /Na2O) of 1.08 wt.% allows this shard to be distinguished from erupting from Ischia rather than Campi Flegrei[19,30] (Fig. S2h). Several pre-CI eruptions from Ischia have been identified after the last largest know eruption from this volcano of Mount Epomeo Green Tuff, around 56kya[31]. This includes several proximal eruptive units[32] and tephra layers in distal records[9,28,30,32,33]. Correlating this single shard to a particular pre-CI Ischia eruption is difficult, particularly as this is one shard and that the chemical compositions from these different pre-CI Ischia eruptions are similar in major, minor and trace element composition[30,32]. Nonetheless, this shard in DS_137.81 is coming from an eruption of Ischia, not Campi Flegrei.

DS_137.51_1cm
	Though six volcanic shards were counted and analysed, only two of these shards produced an analytical total of >92 wt.% that could be confidently used for correlation. The low analytical totals for the remaining four shards were due to the small shard area that was exposed for the beam for EPMA analysis without losing the whole shard in the sectioning process. Three of these shards show chemical compositions similar to the Campanian Ignimbrite but were not used in the correlation due to their low analytical totals. 
The single shard that has an analytical total >92 wt.% and has not been correlated to the Campanian Ignimbrite have higher SiO2 rhyolite (74.32 wt.%), with a HKCA affinity (4.93 wt.% K2O), low FeO (2.82 wt.%) and very low CaO (0.60 wt.%). The peralkaline nature of this rhyolite (1.00 wt.% Alkalinity Index (AI), Fig. S2g) with very low CaO and higher FeO is indicative of originating from Nemrut in the EAVP (Fig. S2e-f). However, no current direct correlation to a V-layer from Lake Van or surrounding proximal record of the volcano can be made[5].

DS_137.495 (PT1779)
A total of eight volcanic glass shards underwent geochemical analysis. Of the shards that have not been correlated to the Campanian Ignimbrite, six are rhyolitic with high SiO2 (76.69-72.56 wt.%). Within this group there is heterogeneity with all elements. Group 1 are two shards are chemically similar with SiO2 (72.57-72.56 wt.%), low CaO (0.57-0.66 wt.%) and high FeO (3.14-3.08 wt.%). No know direct correlation to a tephra layer can be made, but due to their high AI (1.03-1.05 wt.%), this composition is similar to Nemrut from EAVP (Fig. S2e-f).  A single shard with SiO2 of 74.27 wt.% has low FeOt (1.98 wt.%) and very low CaO (0.26 wt.%). No corelation can be made to a volcanic centre or eruption currently.  A rhyolitic single shard (SiO2 76.69 wt.%) is different with low Al2O3 of 11.98 wt.%, high FeO of 3.17 wt.% and low CaO of 0.67 wt.%. Currently no direct correlation can be made to a volcanic centre and/or eruption. An additional shard with SiO2 of 75.30 wt.% is low in CaO (0.79 wt.%) and high FeO (2.39 wt.%) (Fig. S2e-f). These low values currently do not match any known volcanic centre or eruption. Though this chemical composition is similar to a shard in DS_137.485.
A single rhyolitic shard with high SiO2 (72.71 wt.%) and distinctly high FeO (8.01 wt.%) with low Al2O3 (8.63 wt.%) indicates a pantellerite (Fig. S2c-d). This shard shows compositional overlap with the PGT of Pantelleria. Being a single shard, it is difficult to correlate to the potential post-PGT but to pre-CI of Group 1 in DS_137.81. This shard maybe re-worked from DS_137.81 deposit. However, with one shard, it is hard to ascertain if it is instead from a different eruption of Pantelleria.
	
DS_ 137.485 (PT1778)
	The two shards that were identified and underwent geochemical analysis are rhyolitic with distinctly different chemical compositions. One shard has higher SiO2 (75.73 wt.%) with a HKCA affinity (3.85 wt.% K2O) and higher FeO (2.34 wt.%) and low CaO (0.81 wt.%). The second single shard has lower SiO2 (73.42 wt.%) and a HKCA shard (3.76 wt.% K2O) but with lower FeO (1.95 wt.%) and higher CaO (1.78 wt.%). These highly evolved rhyolitic shards show different volcanic origins. The rhyolitic shard with the lower FeO and higher CaO could potentially correlate to the Hellenic arch and is similar in composition to DS_137.485 shard with SiO2 of 75.30 wt.%. While the second single shard of 73.42 wt.% currently has no correlation to a volcanic provenance. 
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