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ABSTRACT

The fate of carbonate-rich sediments recycled at destructive plate margins is a key issue for
constraining the budget of deep CO, supplied to the atmosphere by volcanism. Experimental
studies have demonstrated that metasomatic melts can be generated by partial melting of
subducted carbonate-pelitic sediments, but signatures of the involvement of such compo-
nents in erupted magmas are more elusive. We have made new U-Th disequilibria, Sr-Nd-Pb
isotope, and high-precision 6**U analyses on lavas from Mount Vesuvius (Italy) and show
that their measured 2%U excesses require a mantle source affected by the addition of U-rich
carbonated melts, generated by partial melting of subducted calcareous sediments in the
presence of residual epidote. Accordingly, we argue that the occurrence of >**U excesses in
“sediment-dominated” arc magmas represents diagnostic evidence of addition of carbonate
sediments via subduction, hence providing constraints on deep carbon cycling within Earth.
Our quantitative enrichment model, combined with published experimental results, allows
us to estimate a resulting flux of 0.15-0.8 Mt/yr CO, from the subducted carbonates to the
mantle source of Mount Vesuvius.

INTRODUCTION
At destructive plate margins, the oceanic

sediments. Constraining their involvement is key
to directly quantifying the origin of CO, emis-

slab is subducted into the mantle, carrying both
basaltic oceanic crust and overlying sediments.
Part of this subducted material is then released
at depth, affecting the mantle wedge above the
slab, and it is eventually returned to the surface
through volcanoes. This flux is a key part of
element cycling on Earth (Kelemen and Man-
ning, 2015).

The evidence of this process can be found in
the elemental and isotopic compositions of sub-
duction-related magmas worldwide. Globally,
the geochemistry of subduction-related volcanic
rocks is dictated by the variable contribution
of three main components (e.g., Elliott, 2003)
(Fig. 1; Fig. DR1 in the GSA Data Repository'):
(1) the depleted mantle (DM); (2) the slab-
derived fluids, with isotope compositions simi-
lar to that of subducted basaltic oceanic crust
(BOCO); (3) the slab-derived melts, with crustal
isotope signature, interpreted as deriving from
the recycling of subducted sediments.

It can be difficult to deconvolve the contri-
butions of these different components in arc
magmas, not least for subducted carbonate-rich
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sions from volcanoes, with major consequences
for atmospheric fluxes (Burton et al., 2013). Yet
their contribution to subduction zone magmas is
not necessarily distinctive in many traditionally
used geochemical tracers.

Experimental studies (Poli, 2015; Skora et
al., 2015) have shown that subducted carbon-
ate-rich sediments (marls) may undergo partial
melting if infiltrated by significant amounts of
H,0. The involvement of subducted sedimentary
carbonate in the genesis of some subduction-
related volcanoes has been suggested on the
basis of carbon isotope data on fumaroles and
geothermal fluids (van Soest et al., 1998), of
minor element contents in olivine (Ammannati
etal., 2016), and of whole rock geochemical and
isotope data (Conticelli et al., 2015). However, it
is commonly difficult to constrain the nature of
the recycled sediments from the isotopic com-
positions of erupted magmas.

Identifying the role of recycled carbonate
sediments is further complicated by the possible
occurrence of crustal limestone assimilation en
route to the surface, which may modify the com-
position of the erupted magmas, overprinting
some of the geochemical and isotopic signatures
inherited from the mantle source (e.g., lacono
Marziano et al., 2009).
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Figure 1. Plot of (**8U/2°Th) (parentheses denoting that the ratio is expressed as activities) versus
chondrite-normalized La/Sm (A) and versus A”*Pb (which represents the difference between
the 27Pb/2**Pb of samples and that of Northern Hemisphere reference line (Hart, 1984) at the
sample’s 26Pb/2%*Pb) (B). Samples from Mount Vesuvius (ltaly; this study) are compared with
other subduction-related volcanic rocks (data from GEOROC database, http://georoc.mpch-
mainz.gwdg.de/georoc/). Samples from Mariana Islands (western North Pacific Ocean; Elliott et
al., 1997; Avanzinelli et al., 2012) are representative of typical oceanic arc with variable contribu-
tions of sediment (sed.) melt relative to basaltic oceanic crust (BOC) fluids. Data for Kick’'em
Jenny (Caribbean; Huang et al., 2011) and Sunda arc (Indonesia; Turner and Foden, 2001) are
representative of sediment-dominated arc lavas with possible contribution from carbonate-rich
sediments. Depleted mantle is assumed to have (%¢U/*°Th) = 1 and A”7*Pb = 0. Full data set for
Mount Vesuvius samples is provided in the Data Repository (Tables DR1-DR4 [see footnote 1])
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In this study, we report the occurrence of
marked 2*U excesses at Mount Vesuvius (Italy),
and coupling these 2*Th->$U measurements with
variations in §**U (the parts-per-thousand differ-
ence in 28U/*U relative to a reference solution
standard, CRM145) and radiogenic isotope data
(Sr, Nd, and Pb), we demonstrate the involve-
ment of deep-recycled carbonate-rich lithologies
in the mantle source of these magmas.

Uranium-series disequilibria in arc lavas
have long been used to constrain the contribu-
tion of slab-derived liquids (fluids and/or melts),
as well as the time scales of their transfer from
the slab to the surface (e.g., Gill and Condo-
mines, 1992; for further details, see the Data
Repository). “Fluid-dominated” arcs are gener-
ally characterized by significant 28U excess over
230Th, that is, (>*U/*°Th) > 1 (Fig. 1), a feature
classically attributed either to the higher fluid
mobility of U with respect to Th (e.g., Gill and
Condomines, 1992), or to the presence of resid-
ual accessory phases preferentially retaining Th
during melting of the subducting basaltic oce-
anic crust (Avanzinelli et al., 2012). Sediment
melts, on the contrary, seem to impart either no
disequilibrium (Condomines and Sigmarsson,
1993) or minor >*Th excesses (Avanzinelli et al.,
2012) to the erupted lavas.

28U EXCESS AT MOUNT VESUVIUS AS
TRACER FOR SUBDUCTION-DERIVED
CARBONATE-RICH SEDIMENT MELTS

Mount Vesuvius lavas have significant 2*U
excesses (Voltaggio et al., 2004; Avanzinelli
et al., 2008) (Fig. 1), which may suggest the
involvement of BOC-derived fluids along the
lines of the general processes proposed for arc
magmas (Elliott, 2003).

Yet, when compared to the global arc data-
base (Fig. 1), the observed U excesses in
Vesuvius lavas are anomalous. Indeed, the geo-
chemical and Sr-Nd-Pb isotopic compositions
of Vesuvius lavas invariably lie at the “sediment-
dominated” end of the global arc trend (Fig. 1;
Fig. DR1), suggesting a mantle source strongly
enriched by sediment-derived melts. In this sce-
nario, the contribution from BOC-derived fluids
should be obscured by the sediment-melt signal,
due to the greater capacity of the latter as an
incompatible trace-element carrier with respect
to hydrous fluids.

Vesuvius lavas therefore are anomalous
among subduction-related magmas. Yet, the
occurrence of 28U excesses in sediment-domi-
nated arc magmas is not a unique characteristic
of Vesuvius (Fig. 1), but also occurs in a few
other cases such as in the Lesser Antilles (e.g.,
Kick’em Jenny volcano; Huang et al., 2011),
Nicaragua (Reagan et al., 1994), and part of the
Sunda arc (e.g., Tambora and Sangeang Api vol-
canoes in Indonesia; Turner and Foden, 2001).

Given the sediment-derived trace element
and long-lived isotope characteristics (i.e., Sr, Nd
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and Pb; Fig. 1; Fig. DR1; Tables DR1-DR4 in
the Data Repository) of Vesuvius lavas, the
occurrence of large 28U excesses requires either
extremely large amounts of BOC-derived fluids,
to remain evident against the sediment contribu-
tion, or the addition of a sedimentary component
recently enriched in U with respect to Th. When
plotted against radiogenic isotope ratios such
as ¥Sr/*Sr (Fig. DR3) and A7#Pb (Hart, 1984;
Fig. 1), Vesuvius lavas do not show a decrease
of A7#Pb with increasing (**U/*'Th) as would
be expected if the 28U excess was due to BOC-
derived fluids. Instead, the samples characterized
by larger U excesses show similar or higher
A7*Pb (and ¥’St/*Sr) compared to samples close
to secular equilibrium. Hence, the component
responsible for the 2**U excess at Mount Vesu-
vius also imparts a crustal signature to the mag-
mas, indicating it must derive from subducted
sediments.

To further constrain the origin of the U-rich
component, we made high-precision $**%U
measurements. Natural variations in 2U/*U
are linked to the partial reduction of hexava-
lent U(VI) to tetravalent U(IV) (see the review
in Andersen et al., 2017) and are limited to the
low-temperature environment of Earth’s surface,
so that the 2¥U/?U signatures of magmas pro-
vide a robust tracer of near-surface—processed U.
A recent study (Andersen et al., 2015) reported
data for the Mariana arc, showing a clear trend
from isotopically heavy U composition in sed-
iment-dominated islands to isotopically light
values in fluid-dominated ones. This feature,
which is associated with the shift from *°Th to
28U excesses in erupted magmas (Fig. 2), has
been interpreted to result from the isotopically
light composition of U-rich fluids originating
from the upper, most-altered portion of the BOC.

The Mount Vesuvius lavas measured in this
study show instead an invariably heavy U isoto-
pic composition, thus excluding a major role for
fluids from the most altered portion of the BOC.
Even considering the heavier §**U reported for
the bulk BOC (Andersen et al., 2015), exceed-
ingly large amount of fluids would be required
to generate the composition of Vesuvius lavas
(Fig. 2). Coupled with the radiogenic isotope
data (Fig. 1; Fig. DR3), these observations
clearly indicate the need for a sediment-derived,
isotopically heavy, U-rich component.

Thus, we analyzed the ***U of a suite of Ital-
ian sediments that represent a likely analogue of
the subducted sedimentary lithologies beneath
Mount Vesuvius (Table DR4). This also includes
a Mesozoic limestone of the type that forms
the country rock hosting the magma chamber
of Mount Vesuvius, which can be used to evalu-
ate the effect of limestone assimilation that has
been claimed to play a major role in control-
ling the magma compositions (Iacono Marziano
et al., 2009). The Mesozoic limestone shows
an extremely low &**%U (Fig. 2; Table DR4),

@ Vesuvius (this study)
& Mariana arc (Andersen et al., 2013)

[ Limestone
1.0
08 \
) o
8 06 ik
o O
c
g 0.4 |
02 [ ABOC BOC ’
r ﬂuwds?i:K fluids )‘t‘( LC ;];-;S
0.0 P S o N, L
0.7 0.5 0.3 0.1 0.1 03

878U (%o)

Figure 2. Plot of (#*°Th/%8U) versus 3*¢U. Aver-
ages between replicate analyses are plotted
when available (Table DR4 in the Data Reposi-
tory [see footnote 1]); error bars are based
on reproducibility (2c) of international rock
standards (Table DR4), and for (*°Th/%8U) are
smaller than symbol size; standard errors (2
s.e.) for single measurements are reported in
Table DR4. Data for Mariana Islands (western
North Pacific Ocean; Andersen et al., 2015)
are reported for comparison along with esti-
mated composition of altered (A-BOC) and
bulk basaltic oceanic crust (BOC) (Ander-
sen et al., 2015). Mixing lines between mantle
(assumed in secular equilibrium) and two
possible sediment-melt components from
high-carbonate (HC) and low-carbonate
(LC) marls are reported. Mixing model with
BOC-derived fluids is also shown. Mesozoic
limestone sample (yellow square) is represen-
tative of wall-rock carbonate hosting Mount
Vesuvius magma chamber. Details of model
parameters are provided in Data Repository;
compositions of all end members are reported
in Table DR5.

indicating that the amount of U added to the
magmas through limestone assimilation must be
negligible. The same conclusion can be obtained
from the subhorizontal alignment of the data
on an U-Th isochron diagram. This does not
exclude the occurrence of significant limestone
assimilation at Mount Vesuvius (~10%; Iacono
Marziano et al., 2009) affecting some of the
features of the magmas (e.g., major elements).
In terms of U-Th disequilibria, however, this
process may be responsible for some of the ver-
tical scattering shown by the data on the U-Th
isochron diagram (Fig. DR2), but not for the
28U excess (see details in the Data Repository).

On the contrary, the two carbonate-rich
clays (i.e., marlstones) that we analyzed show
high 6**U, making them suitable candidates to
provide the distinctive signature of the studied
magmas. The involvement of recycled carbon-
ate-rich sediments as a “marl melt component”
(MMC) can provide the solution to explain the
28U excess at Mount Vesuvius. A recent experi-
mental study (Skora et al., 2015) showed that the
abundances of some key trace elements in melts
from calcareous sediments (i.e., marls) at sub-
arc pressure-temperature (P-7) conditions are
controlled by epidote, that it is stabilized dur-
ing melting and can remain as a residual phase
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until relatively high temperatures (900 °C). Epi-
dote hosts limited amounts of U and Th, but it
preferentially retains Th over U. Hence melts
generated from carbonate-rich sediment in the
presence of residual epidote have 28U excess,
but at the same time they remain enriched in
both Th and U. Natural evidence of the same
process can be found in the composition of melt
inclusions hosted in the deeply subducted car-
bonate rocks of the Kokchetav massif (north-
ern Kazakhstan; P = 4.5-6.0 GPa; T ~1000 °C),
which show extreme U/Th ratios (>2; Korsakov
and Hermann, 2006).

Therefore, melting of isotopically heavy, car-
bonate-rich pelitic sediments could produce suit-
able metasomatic agents to impart both the high
678U and the 28U excess observed in Vesuvius
lavas. In Figure 2, we modeled this process (see
also Fig. DR3 and details in the Data Repository,
and Table DRS), showing that <5% of such a
component is sufficient to impart U-series dis-
equilibrium in a mantle source that had been
previously strongly metasomatized, as evident
from the radiogenic isotope composition of the
samples with the smallest 22U excess (Fig. 1).

Evidence for such a process is not restricted to
Mount Vesuvius. Other subduction-related mag-
mas with sediment-dominated geochemical and
radiogenic isotope signatures show significant
28U excess (e.g., Kick’em Jenny; Huang et al.
2011; Fig. 1). Therefore, we suggest that the pres-
ence of significant 28U excesses in enriched (i.e.,
sediment-dominated) subduction-related rocks
may represent key evidence for the involvement
of carbonate-rich subducted sediments.

This has important implications for constrain-
ing the carbon budget emissions at arcs. A recent
study (Mason et al., 2017) suggested that shallow
remobilization of crustal carbon (i.e., assimila-
tion) may dominate the volcanic arc emissions
over the deeper “subduction” carbon cycle,
reporting Mount Vesuvius as one of the main
locations where CO, is mainly derived from inter-
action with the shallow crust (see also Iacono-
Marziano et al., 2009). Our data indicate instead
that subducted carbonate-rich sediment melts
(MMC) have an important role in the chemical
and isotopic composition of Vesuvius lavas, and
Italian magmatism more generally (e.g., Avanzi-
nelli et al., 2008; Conticelli et al., 2015), resulting
in significant “subduction-derived” CO, fluxes
(see also Frezzotti et al., 2009).

MMC-DERIVED CO, FLUXES

We attempted to estimate the MMC-derived
fluxes by combining the two-step mantle enrich-
ment model used to explain the U excess of
Vesuvius lavas with published parameters regard-
ing the output rates of Mount Vesuvius and the
amount of CO, carried along with the MMC.

The rationale of our calculation is that, given
the extreme incompatibility of U both during
mantle melting and magma differentiation

(Blundy and Wood, 2003), it can be assumed
that the total amount of U in Vesuvius magmatic
products is the same as that hosted in their man-
tle source. Hence, knowing the magmatic out-
put rates of Mount Vesuvius and the average U
contents of the erupted products, it is possible
to calculate the U flux from the mantle source.
Combining this estimate with the U concentra-
tion calculated for the metasomatized mantle
source in our two-step mantle enrichment model,
we estimated the mass flux of mantle undergoing
melting. Finally, we extrapolated the mass flux
of MMC added to the mantle source of Mount
Vesuvius from the proportion of MMC required
to generate the observed average (¥**Th/?*U) of
Vesuvius lavas (Table DRS5). This can be con-
verted to MMC-derived CO, fluxes simply by
estimating the amount of CO, carried along
with the MMC. Given the large uncertainties in
several of the parameters used for the calcula-
tion—namely, (1) the U content of the erupted
magmas, (2) the output rates, (3) the U and the
CO, content of the MMC, and (4) the amount of
MMC required to produce the mean 28U excess
observed in Vesuvius magmas—we performed
Monte Carlo simulations, letting the four afore-
mentioned parameters randomly vary between
maximum and minimum values. Further details
on the various parameters used are provided in
the Data Repository and in Tables DR6 and DR7
therein. The results (Fig. 3) of our calculation
yield average MMC-derived CO, fluxes between
~0.15 Mt/yr and ~0.8 Mt/yr.
It is important to stress that the estimated
fluxes presented in our study account only for the
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Figure 3. Calculated marl melt component
(MMC)-derived CO, fluxes plotted versus
CO, content of U-rich MMC used for each
simulation (see text and Data Repository [see
footnote 1] for further details). Gray circles
represent all results of Monte Carlo simula-
tions performed by letting main parameters
used for calculation vary between minimum
and maximum (see Table DR7); orange and
yellow circles represent results obtained by
keeping constant U concentration in erupted
magmas (U, = 6.5 ppm) and output rate (OR
= 3.5 x 10° m®/yr) in two case scenarios assum-
ing 2.5% addition of high-carbonate (HC) and
1.0% addition of low-carbonate (LC) compo-
nent (see Tables DR5 and DR6), respectively.
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CO, derived from the addition of the MMC and
do not consider other possible sources of CO,
that contribute to the total CO, fluxes released
at Mount Vesuvius, such as those related to the
shallow assimilation of limestone and those
added from the subducted slab during the first
step of mantle enrichment. Also, they represent
an estimated CO, flux averaged over the whole
investigated period (A.D. 1697-1944), which
would increase considerably (almost double) if
considering only the active phases of the volcano
(Scandone et al., 2008; see the Data Repository),
and conversely decrease in low-activity phases.
Therefore, it is difficult to compare our esti-
mates with CO, emissions from presently active
volcanoes. Keeping this in mind, the range of
MMC-derived CO, fluxes calculated for Mount
Vesuvius is comparable to fluxes calculated from
present-day emission at arc volcanoes, such as
Stromboli (southern Italy; 0.73 Mt/yr; Burton et
al., 2013) and Montserrat (Lesser Antilles; 0.56
Mt/yr; Burton et al., 2013). This suggests that
CO, fluxes deriving from subducted carbonate-
rich material are significant for the total carbon
budget emitted at some arc volcanoes. Mount
Vesuvius is not active at present, hence direct
measurements of volcanic CO, fluxes are not
available, although estimates based on the iso-
topic composition of groundwater (Caliro et
al., 2005) and diffuse soil degassing (Frondini
et al., 2004) report values of ~0.1 Mt/yr, which
are lower than those indicated by our calcula-
tion. In addition, it must be taken into account
that a significant portion of the present-day CO,
emitted around Mount Vesuvius has been linked
to limestone assimilation (Iacono Marziano et
al., 2009).

Yet, the 28U excesses of Vesuvius magmas,
when combined with 23U and Pb, Sr, and Nd
isotope ratios, can only be explained by the addi-
tion in their source of carbonate-rich sediment
melts that contributes significantly to the CO,
fluxes released at the surface, especially during
the more-active phases of the volcano.
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Carbon fluxes from subducted carbonates revealed by uranium excess
at Mount Vesuvius, Italy

Riccardo Avanzinelli, Martina Casalini, Tim Elliott, Sandro Conticelli
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Fig. DR1. Plot of chondrite-normalized La/Sm and %S1/°Sr vs. Ba/Th. The samples from Vesuvius fall on
the ‘sediment-dominated’ part (i.e. high Lay/Smy and %' Sr/°Sr, but low Ba/Th), indicating with a mantle
enriched by the addition of melts from subducted sedimentary material.

SAMPLE SELECTION AND ANALYTICAL METHODS.

Thirteen samples of Vesuvius volcanic rocks (lava flows and scoria), erupted from medieval period
(AD 472 — AD 1631) to AD 1944, were selected for this study. In addition few sedimentary

carbonate-rich rocks from Apennines were also analyzed and used as a proxy for recycled

sediments. Apennines are made up of Tethyan sedimentary sequences scraped off and piled up
onto the continental margin during Tethys closure (Treves, 1984). Sample SD 48 and SD 11 are
marlstones with variable CaCO; (SD 48: High-Carbonate, hereafter HC; SD 11: Low Carbonate,
hereafter LC) outcropping within the Northern Apennines (Conticelli et al., 2015) whilst sample
ERN 57 (Boari et al, 2009a) is a Mesozoic limestone that is representative of the carbonate-
platform hosting Vesuvius magma chamber (Del Moro et al., 2001; lacono Marziano et al., 2009).

Samples were powdered and analyzed for major, trace elements and Sr-Nd-Pb isotopes. **°Th-
238 disequilibria were measured in Vesuvius samples; given their age sediments were assumed in
secular equilibrium and not measured. A subset of ten samples (including the 3 sediments) was
selected for the analysis of 2U/*°U.

The whole dataset is provided in tables DR1-4, where further details on the analytical procedures
are also reported along with accuracy and reproducibility values based on replicate analyses of
international rock standards, as well as further information on the analytical protocols (Avanzinelli
et al., 2005, 2014; Hoffman et al., 2007; Andersen et al., 2014; Hiess et al., 2012).



B0Th.28y DISEQUILIBRIA.

Uranium series isotopes are short-lived, highly incompatible nuclides that are formed by the decay
of long-lived 28U and U, with ?°Th being the short-lived daughter of 22U with a half-life of
~75kyr. The nuclides of each decay chain evolve to a state of “secular equilibrium” with their
parents, such that their activities (rates of atomic disintegrations, denoted by round brackets) are
equal, which means (*°Th/?®U) = 1. Disequilibrium can be by fractionation between U and Th,
yielding (¥*°Th/?8U) # 1 with either ?*U- or #°Th-excess; if the system remains closed, secular
equilibrium is then restored in~ 5 half lives of the daughter nuclide (375kyr for #°Th).

For these reasons ‘undisturbed’ mantle sources (e.g. those within-plate and mid oceanic ridge
settings) are considered in secular equilibrium, whilst in subduction-related environment the slab-
derived components may preferentially introduce U or Th to the mantle wedge, hence producing
disequilibria (e.g., Hawkesworth et al., 1993). Despite the similar and highly incompatible character
of U and Th in most mineral phases, there are several processes that can produce 2*®U-°Th
disequilibria, mostly relating to the mechanism of mantle melting and to the geodynamic setting in
which magmas are generated (see thorough reviews in Bourdon and Turner, 2003).

MORBs and within-plate magmas generally show **°Th excess that are explained with the in-
growth of 20Th during adiabatic mantle melting (e.g., Elliott, 1997). The scenario is more complex
in in subduction-related settings, where magmas show variable (**Th/?*®U) that are generally
related to the nature of the slab-derived component affecting the mantle wedge (i.e., BOC-fluids
vs. sediment melts: Fig. 1; e.g., Elliott, 2003). Large ?**U-excesses are common in depleted arc
lavas and are interpreted as a consequence of aqueous fluid-addition from the altered, mafic
oceanic crust (e.g.), due to the higher U in the aqueous fluid phase, with respect to Th. Other
authors suggest to that **U are related to the presence of residual accessory phases, such as
allanite (Klimm et al., 2008) preferentially retaining Th during melting of the subducting basaltic
oceanic crust (Avanzinelli et al., 2012).

Sediment-dominated, enriched arcs lavas are more variable: a general decrease of 2®U-excess
with increasing Th concentrations in arc lavas (e.g., Condomines and Sigmarrsson, 1993;
Hawkesworth et al., 1997) has suggested that sediment melts are added either close to secular
equilibrium or that enough time has elapsed since melting that any initial disequilibrium has
decayed (Elliott et al., 1997). More recently it has been shown that arc magmas can preserve the
20Th-excesses generated during sediment melting (Avanzinelli et al., 2012) due to the preferable
retention of U in garnet.

Shallow processes during magma ascent, differentiation and storage in the crust may also affect
the U-series composition of the magmas: fractional crystallisation becomes important mostly in the
later stages of magma differentiation, due to the highly incompatible behavior of both U and Th in
all the major early crystallizing phases (e.g. Blundy & Wood, 2003); crustal contamination is
instead believed to drive the composition of the magmas back towards secular equilibrium (Reubi
etal., 2011).

Our model assumes that the 2®U-excess, as well as 5**®U and Sr-Nd-Pb isotope ratios measured
in the erupted products of Vesuvius are the same of those of their mantle source. This assumption
implies that the U-Th disequilibria of Vesuvius lavas ware not modified during mantle melting and
magma differentiation and storage. The effects of these processes on the composition of the
erupted products and the possible implication for the suggested model are discussed hereafter.

Limestone Assimilation




Several authors (lacono Marziano et al., 2009; Dallai et al., 2011; Pichavant et al., 2014) have
suggested a prominent role for assimilation of limestone affecting both the composition of the
erupted magmas and the CO, emissions. Other studies have provided evidence for an important
role of carbonate-rich sediments melts added via subduction to the mantle source of many
southern Italian volcanoes (e.g., Peccerillo, 1985; Conticelli and Peccerillo, 1992; Avanzinelli et al.,
2008; Frezzotti et al., 2009; Conticelli et al., 2015; Ammannati et al., 2016). The main evidence for
this process is the high enrichment in incompatible trace elements of the erupted magmas, both at
Vesuvius and in other volcanoes in southern Italy. Such an enrichment cannot be generated by
limestone assimilation, which instead should dilute (if any) the incompatible trace element contents
in the magmas. A limited trace-element exchange between the host limestone and the magmas
was also confirmed by a study on crustal xenoltihs from Vesuvius (Del Moro et al., 2001)

This does not exclude the possibility of the two processes (i.e., limestone assimilation and addition
of subduction-related recycling of carbonate-rich sediment melts to the mantle source of the
Vesuvius magmas) may coexist (e.g., Boari et al., 2009b). For the purpose of this study it is
important to evaluate to what extent the assimilation of wall-rock limestone have affected the U
elemental and isotopic composition Vesuvius magmas, and thus whether or not it can be
responsible for the #*®U-excess that are used here as evidence of the deeper addition of
carbonate-rich sediment melts to the mantle wedge.

In order to evaluate the effect of such a process on both (*°Th/?8U) and ?**U/?**U of Vesuvius
magmas we measured 5*®U of one sample of Mesozoic limestone (ERN 57) belonging to the
carbonate platform that constitute the country rocks hosting the Vesuvius magma chamber. This
sample shows an extremely light U isotope composition (5?*®U = -0.67 %) opposite to the shift from
mantle towards higher 3?*®U shown by Vesuvius samples.

Limestone hosts significantly more U than Th, resulting in high U/Th and developing over time
extremely high (¥*°Th/?2Th) (Fig. DR 3). As an example, assuming secular equilibrium, sample
ERN 57 has (P%U/%?Th) = (®*°Th/??Th) = 6.85; the same holds true considering a limestone
sample erupted as xenolith within the 1944 eruption of Vesuvius (sample C-5 and C-3 from Del
Moro et al., 2001) having (**®U/*2Th) = (*°Th/**?Th) > 14.

Vesuvius samples have both (2*®U/%?Th) and (***Th/?*2Th) significantly lower than limestone, with
(**®U/??Th) ranging from 0.91 to 1.21 and a smaller variation in (***Th/?*2Th), from 0.96 to 1.07,
resulting in variable ?®U-excesses that define a quasi-horizontal trend in the classic equiline
diagram (Fig. DR2). It is difficult to asses whether assimilation would involve partial or total melting
of the host limestone, and, in the first case, whether wall-rock partial melting would produce
fractionation between U and Th (hence producing U or Th excesses); in either case, the
assimilated material would invariably have extremely high (*°Th/?**Th), hence producing a
significant effect on the (®*°Th/??Th) of the contaminated magmas. In the figure the bulk
assimilation of such high (***U/%?Th) and (*°Th/?2Th) is modeled starting from both the sample
with both the smallest and largest ***U-excess, in order to evaluate whether such a process could
be responsible for the isotope variation observed at Vesuvius. Figure DR2 clearly shows that the
assimilation of limestone, even at the higher extent suggested for Vesuvius (up to of 10-15%:
lacono Marziano et al. 2009), could produce some of the scattering shown by the dataset, but it
cannot be responsible for the horizontal displacement of the samples toward high (**U/??Th) and
thus toward the observed ?*®U-excess.
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Fractional crystallization and mantle melting

As stated above, fractional crystallization has also little effect on both U and Th due to their similar
and high incompatibility in the main crystallizing phases, unless significant amounts of U- or Th-
rich phases (e.g., apatite) are fractionated. At Vesuvius no correlation is observed between #*®U-
excess and any fractionation index (e.g., MgO) including those sensitive to apatite fractionation
(i.e., P20s).

Mantle melting may affect (*°Th/?*®U) according to time-dependent melting models (e.g., Elliott,
1997) that have been applied to subduction-related magmatism (e.g., Thomas et al.,, 2002,
Avanzinelli et al., 2012). The net effect of melting on ?°Th-**U is to decrease the extent *%U-
excess in the erupted magmas with respect to the original value of their mantle source, due to the
time-dependent ingrowth of ?°Th during melting (Avanzinelli et al., 2012; Elliott, 1997; Thomas et
al., 2002; Zou and Zindler, 2000). A detailed quantification of this process is beyond the purpose of
this study and will require additional data on other U-series parent-daughter disequilibria (such as
#1pa-2%Y). Accounting for the possible effect of mantle melting would require to infer a slightly
greater initial *®U-excess in the mantle source; this would consequently require a larger addition of
U-rich MMC, eventually resulting in slightly larger estimates of CO, fluxes than those estimated
(Fig. 3). On the other hand, the ‘ingrowth’ effect on ?**Th->**U disequilibria of arc magmas is
generally small with respect to other parent daughter pairs (Avanzinelli et al., 2012), as confirmed
by the near equilibrium composition of many arcs (Condomines and Sigmarsson, 1993).
Considering this, CO; fluxes calculated by our model (see details below) might be slightly under-
estimated, although we believed that the potential effect of such a process should be smaller than
the uncertainty of some used parameters, which is accounted for in our Monte Carlo simulation
(Fig. 3., details in the calculations are provided below).

MODELLING THE MANTLE SOURCE OF VESUVIUS MAGMAS.

Vesuvius magmas are invariably characterized by radiogenic Sr and Pb and unradiogenic Nd
isotope composition, indicating a crustal component within their mantle source, regardless of the
extent of the U-series disequilibria (Figs. 1, DR1). Therefore, we adopted a two-step enrichment
model: i) a first enrichment capable of producing the composition of the lavas with no ?*®U-excess;
ii) a second step accounting for the addition of the Marl Melt Component (i.e., MMC) and thus the
238-excess.



For this first step we applied mixing models using the end-members compositions of mantle wedge
(i.e., MW) and slab-derived component (i.e., SC) reported for the neighboring Stromboli volcano
(Tommasini et al., 2007) (Table DR5). Stromboli and Vesuvius volcanic products show several
similarities in terms of geochemical and isotopic composition (Fig. DR3) suggesting a common (or
similar) mantle source (Peccerillo, 2001). The lack of 2®U-excess at Stromboli (Tommasini et al.,
2007) indicates, however, that Stromboli magmas must originate from a mantle source not affected
by the contribution of the U-rich MMC.
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Fig. DR3. Two-step mixing between process. The green, red and blue mixing curves are calculated between
a mantle source enriched with 3.5% of SC (step | — Table DR5) and the BOC fluid, the HC and the LC mel,
respectively (Step II: Table DR5). HC and LC melts represent two possible compositions of the U-rich Marl-
Melt Component (MMC) starting from sediment samples SD 48 (High-Carbonate marl, HC) and SD 11 (Low-
Carbonate marl, LC). Samples from Stromboli are reported as red squares.

Both MW and SC (Table DR5) were assumed having secular equilibrium (3*°Th/?®U) and §%*®U
equal to the bulk-earth average (i.e., -0.33 %o: Andersen et al., 2015). From this calculation we
estimated a mantle enriched by an average of 3.5 % SC as a starting point to model the second
step (Fig. DR3, Table DR5).

In the second step we modeled the addition of the MMC into the previously enriched (Step I)
mantle. The geochemical and isotopic composition of the two possible U-rich MMCs shown in
figure 2 (and Fig. DR3) were calculated starting from the two marl sediments measured in this
study (Tables DR1-4) and modeling sediment melting according to the experiments of Skora et al.
(2015) (Table DRS5). For each sediment sample we used the melting parameters reported for
similar lithologies (HC for SD 48 and LC for SD 11). We chose run conditions characterized by the
presence of residual epidote (in order to produce the enrichment in U over Th in the resulting
melts) and by the complete exhaustion of phengite (which would have retained K and Rb, resulting
in a depletion of such elements not observed in the data). The temperatures of the experimental
runs (850-900°C) are slightly higher than those estimated at the slab/mantle interface by thermal
models of both ‘cold’ subduction (e.g., Peacock, 2003: Kelemen et al., 2003). This can be
explained, for example assuming the physical incorporation of portions of the subducted sediments
into the mantle, by imbrication, as melanges or via diapirs (e.g., Kelemen et al., 2003: Gerya et al.,
2006, Nielsen and Marshall, 2017), and their melting at higher temperatures (Fig. DR4).



Fig. DR4. Simplified illustration of the two-step
enrichment process operating under Vesuvius.
Melting of subducted marls (with residual
epidote) generates the MMC that reacts (Step
Overriding plate 1) with a previously enriched (Step [) mantle,
hence imparting the observed ***U-excess to
the mantle source of Vesuvius. The MMC-
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melting to generates Vesuvius magmas
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The composition of the BOC fluid used in figures 2 and DR3 (from Avanzinelli et al. 2012,
Andersen et al., 2015) is also reported in Table DR5. It is worth stressing that the correlation
between U-Th disequilibria and both 3**®U and Sr-Nd-Pb isotopes is not as good as it would be
expected for a simple two end-members mixing model. This suggests that the marl melt
component (MMC) is not isotopically homogeneous, hence it may derive from several isotopically
different starting sediments undergoing subduction and melting. Moreover, the U/Th of the
sediment melt is dictated by the phase relations during melting, and it is not inherited from the
original down-going sediment.

Most of the data in figure 2 and DR3 can be reproduced by the addition of the two proposed MMC
components. Other samples show higher U and ®'Sr/**Sr, suggesting the involvement of a
component with slightly different isotope composition. Regardless of this complexity, our data
clearly shows that the 2*®U-excess observed at Vesuvius can be obtained only through the addition
of sediment-melt component, and cannot be due to addition of BOC fluid-like agents as it occurs in
more typical island arc settings (e.g., Marianas).

The mixing models performed in this study are therefore used to provide an estimate, as good as
possible, of the amount of MMC recycled into the mantle source of Vesuvius, especially for
constraining the U mass balance that will be used in the next section in the attempt of quantifying
CO; fluxes. The key parameters in this calculation are the U content and U/Th of the modeled
MMC, whilst its Sr-Nd-Pb isotope composition and 52**U, has no effect on the results.

The experimental study of Skora et al. (2015) shows that melts produced by carbonate-rich
sediments in the presence of residual epidote have higher Ba/Th than those produced by
carbonate-poor epidote-free lithologies. Ba/Th of Vesuvius is lower with respect to ‘fluid-dominated’
arcs (Fig. DR1), but it is higher than that of other Italian potassic rocks (Avanzinelli et al., 2008)
and Stromboli. In fact, the slight increase of Ba/Th from the values observed in the potassic rocks
of Stromboli (i.e., Ba/Th = 80-95: Tommasini et al., 2007) - which are considered here as
representative of the first step of subduction-related mantle enrichment - to the higher values of
Vesuvius rocks (i.e., Ba/Th = 92-140, Table DR1) is consistent with the further addition of the
MMC, in the two-step process suggested in this study. These melts, would then react with the
previously metasomatised mantle wedge along the lines of the process described in detail in
Ammannati et al (2016).



ESTIMATING MMC-DERIVED CO; FLUXES.

Since the U-rich MMC is released by recycled sedimentary carbonates, we attempted to constrain
how much of its CO, was released during subduction and thus the flux of MMC-derived CO,
affecting the mantle source of the magmas. This is an extremely complex task, due to the large
number of variables that affect the calculation and are difficult to constrain.

MMC derived CO;, fluxes (fcoz-mmc) was calculated as follows:

feoz-mmc = fumcX[CO2 mmc (1)

where [COsJumc is the amount of CO, carried with the MMC (in wt%) and fuuc is the mass flux
(Mt/yr) of MMC into the mantle source of Vesuvius over the investigated period, that is:

fumc = fusX%MMC (2)
where %MMC is the proportion (as wt%) of MMC required to produce the observed U-excess,
extrapolated from the two-step mixing model and fys is the mass flux of mantle source undergoing
melting, and thus producing magmas. The latter (i.e., fys) was calculated by mass balancing U as

_ fUums
fMS - [U]MS (3)

where [U]ys is the average concentration of U in the mantle source calculated through the two-step
enrichment model described above, and fUysis, that is the total mass of U involved in the melting
process (partitioned between the melt and the residue) divided by the considered period of activity
(A.D. 1697 — 1944), that is the mass flux of U from the mantle source.

Considering the extreme incompatibility of U both during mantle melting and magma differentiation
(Blundy and Wood, 2003), it can be assumed that all the U has been completely partitioned in the
magmas and then in the erupted products (i.e., negligible U is lost in the residual mantle or
fractionated by crystallized mineral phases). This means that all the U hosted in the mantle source
is directly transferred to the erupted magmas, hence fUys is equal to the mass flux U erupted
(fUer), which in turn can be calculated as:

fUums = fUgr = [UlgrXOR1697-1944 (4)

where [Ugg] is the average concentration of U in the erupted products and ORg97.1944 is the output
rate in Mt/yr estimated for Vesuvius during the 1697-1944 period (Cortini and Scandone, 1982;
Scandone et al., 1986; Santacroce et al., 1993; Scandone et al., 2008: generally published values
are available as volumel/year).

Merging these four simple relations, the MMC-derived CO, fluxes can be expressed as:

([UlErXOR1697—1944)
fcoz-mmc = {[ ERX[U];;? 2 ] X%MMC} X[COzlmmc ()

The parameters involved in the calculation are extremely difficult to constrain and even the best
estimate of them may carry large uncertainty. In order to account for this large variability we
performed Monte Carlo simulation letting all the parameters varying between a maximum and a
minimum value.

The results of our Monte Carlo simulation are shown in figure 3 and yields fcoz.uvc between 0.2
and 0.8 Mt/yr. The ranges used for each parameter are reported in Table DR7, and are discussed
in more details hereafter.

CO; contents of the MCC: [CO2]umc.

The study of Skora et al. (2015) reports the CO, content of the starting sedimentary materials, but
unfortunately does not provide its concentration (or estimates of it) in the sediment melts, also due
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to the occurrence of fish eggs testifying the presence of a coexisting fluid phase which was not
measured. The paper however, provides the final phase proportion, for each experiment, including
the amount of residual carbonate and melt generated.

Starting from the initial CO, contents and the phase proportions, we calculated the amount of CO,
lost during the experiments, by assuming that all the CO, retained in the residue was hosted within
the carbonate phase. The amount of retained CO, was then calculated by simply allotting it into the
carbonate using stoichiometric estimation. The remaining amount of CO; (i.e., the portion lost
during the melting experiment) was then redistributed into the fraction of melt produced during the
experiment, so to calculate a wt% value. This is obviously a simplification, since it does not
account for the mass of the coexisting liquid phase, which means implicitly assuming to be
negligible with respect to that of the melt.

The application of this approach for the starting sediments of Skora et al. (2015) yields ~8 and ~9
wt% of CO, released during the partial melts of the Low-Carbonate (LC) and High-carbonate (HC)
lithologies, respectively (Table DR6). The somewhat surprisingly similar values are explained by
the smaller amount of residual carbonate in the experiment involving the carbonate-poor lithology,
so that almost all of its CO, is released during the melting experiment, whilst during the
experiments performed with the carbonate-rich lithology a significant part of CO, is retained in the
residue.

The two Italian marlstones, SD 48 and SD 11 used in our calculation are very similar in bulk
composition to the carbonate-rich (HC) and carbonate-poor (LC) lithology used by Skora et al.
(2015), respectively. Initial CO, contents of SD 48 and SD 11 are not available and it is also
difficult to assess their phase proportion during melting; assuming the same CO,/LOI ratio and
phase proportion of the respective HC and LC of Skora et al. (2015), the amount of CO, carried
with the sediment melt would be ~12 wt% for SD 48 and ~9 wt% for SD 11 (Table DR6).

Whether the suggested amount of CO, is dissolved in the melts or carried as a separate fluid or
gas phase is difficult to constrain, since it is related to the solubility of CO, in the melt which
depends in turn on several parameters (e.g., pressure, amount of dissolved water, fco,, and melt
composition, e.g., Ni and Keppler, 2013). Considering that the total mass of such fluid or gas
phase should be negligible with respect to that of the sediment melt, aforementioned values were
assumed as the wt% amount of CO, carried along with the U-rich MMC, regardless of the physical
form in which it is transferred.

According to the considerations made above we used a possible range of CO, contents for the
MMC between 8 and 13 wt.%.

%MMC, [UJer, and [U]us.

For any U isotope composition, the enrichment model allows to calculate the amount of MMC
required (%MMC) and the resulting U content in the mantle source ([U]us). Excluding three
medieval samples (AD 472 - AD 1631), for which is more difficult to find estimates of output rates
(see hereafter), our dataset includes volcanic products from AD 1697 to AD 1944, with U
concentrations ([UJeg) ranging from 5.7 and 7.5 ppm (i.e., similar to the overall variation reported
on Georoc for the same periods of activity).

These samples have mean (***Th/?®®U) ~ 0.86 that are best reproduced with the addition of ~ 2.5 of
the HC or ~ 1.0% of the LC sediment melt, respectively (Table DR5). In the two-step melting model
adopted, the aforementioned additions of MMC produce a metasomatised mantle source with
almost identical U content, ~ 0.28 to 0.29 ppm (Table DR5), due to the higher initial concentration
in the LC starting sediment (SD 11).



OUtpUt rates: OR1597-1944

Santacroce et al. (1993) calculated output fluxes of 3.5-4-0 x 10° m*/yr for the AD 1872 - AD 1906
activity and similar values (i.e., 3.9 x 10° m%yr) were suggested by Scandone et al. (1986) from AD
1906 to AD 1944., A more recent study (Scandone et al., 2008) investigated in detail the volcanic
activity of Vesuvius from AD 1638 and AD 1944, providing estimates of the supply rates of several
eruptions as well as the duration of the refilling process. From those estimates it is possible to
calculating the total mass of magma supplied to the system and to redistribute it through the 306
year-span, resulting in a mean supply rate of 3.0 x 10° m*/yr, similar to the previous estimates.

According to these estimates the MMC-derived CO, fluxes were calculated with output rates
ranging between 3.0 x 10° m*yr and 4.0 x 10° m%/yr, yielding a total range of possible values
between ~ 0.2 Mt/yr and ~ 0.8 (Fig. 3).

It is important to stress that, however, in the study of Scandone et al. (2008) the time accounted by
the supplying periods adds up to cover only ~ 140 of the total 306 year-span. This indicate that
magma arrival in the system is not a continuous process, but it occurs in phases of high, yet
variable, supply rate alternated with periods with no magma supplied to the system. Accordingly it
was suggested a mean supply rate for the ‘active’ periods of ~ 5.7 x 10° m*/yr (Scandone et al.,
2008), which is significantly higher than the values reported above. In terms of CO, fluxes, this
would convert in ‘active’ periods with average MMC-derived fluxes between 0.7 and 1.2 Mt/yr
(depending on the CO, content of MCC) alternated by periods with negligible MCC derived CO..

Comparison with directly measured CO; fluxes.

The present day emissions of CO, at Vesuvius, ~ 0.1 Mt/yr (i.e., 300t/day: Caliro et al., 2005,
Frondini et al., 2004, lacono Marziano et al., 2009) estimated from the isotopic composition of
groundwater (Caliro et al., 2005) and diffused soil degassing (Frondini et al., 2004), are lower than
those indicated by our calculation.

This is not surprising if considering what discussed in the previous section. At present Vesuvius
shows no sign of significant input of magma in the systems, and also the release of magmatic CO,
may be limited by the lack of an open conduit system, which might instead being present during
the AD 1631 - AD 1944 period (Scandone et al., 2008). On the other hand it must be taken into
account that a significant portion of the present day-emission at Vesuvius might be due to the
interaction between the magma and the limestone in the shallow crust (lacono Marziano et al.,
2009; Dallai et al., 2011; Pichavant et al., 2014). In addition, it must be considered that much larger
fluxes are suggested for the whole Campanian area (~ 3 Mt/yr Chiodini et al., 2004). Considering
the presence in the Campanian area of other volcanoes, such as Ischia and the Phlegrean Fields,
that have erupted significant volumes of products showing ‘sediment-dominated’ isotope
compositions with ?**U-excess (Avanzinelli et al., 2008), we suggest that the MMC-derived CO,
fluxes may represent a significant, portion of the total CO, budget of the area.

An interesting datum against which to compare our estimates of MMC-derived CO, fluxes is the
present-day mean plume CO, flux measured at Stromboli (i.e., 0.73 Mt/yr: Burton et al., 2013).
Stromboli is a presently active, open-conduit volcano, characterized by a style of activity and
output fluxes (Marsella et al., 2012) comparable to that of Vesuvius from AD 1631 to AD 1944
(Scandone et al., 2008) and with no evidence of shallow interaction with carbonates. Also, the
mantle source of Stromboli is similar to that of Vesuvius, except for the lack of the U-rich MMC.
Assuming that the CO, flux measured at Stromboli may represent a proxy for the first step of
mantle enrichment also at Vesuvius, we can argue that the MMC-derived fluxes at Vesuvius may
account for a significant portion (up to half according to our calculation) of its deep (i.e., mantle
derived) CO,.
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Table DR 1. Eruption date, type, location, major and trace element composition of Vesuvius and Sediment samples

Vesuvius new data from Actlabs L Ontario (Canada) ICP-MS trace data: Actlabs Ontario (Canada)
Sample name Eruption date type Latitude Longitude ref. Sio, TiO, Al,0; Fe,0, FeO MnO MgOo Cca0 Na,0 K0 P,0s Lol Sum Mg-v Sc \" Cr Co Ni Cu Zn Ga
Wt wi% wt% wt% W% wt% wi% wt% wt% W% wt% wt% W% ppm ppm ppm ppm ppm ppm ppm ppm
VES 01 1697 A.D. Lava Flow  40.7639°N 143711°E this study 47.74 1.03 17.22 8.60 * 0.15 4.49 9.95 240 7.39 0.98 0.32 100.3 54.9 17 265 <20 27 30 100 60 18
VES 02 1794 AD. Bomb 40.8114°N 14.3911°E this study 48.22 1.00 16.79 8.70 * 0.16 4.79 10.21 228 6.89 0.89 0.34 100.3 56.2 22 261 50 27 30 110 70 18
VES 05 1861A.D. Lava Flow  40.8053°N 14.3872°E this study 47.65 1.01 17.711 8.79 - 0.16 4.04 9.27 265 7.56 0.92 0.40 100.2 51.7 16 262 20 27 30 110 70 19
VES 06 1861A.D. Scoria 40.8000°N 14.3844°E this study 46.96 1.08 17.25 8.91 * 0.16 4.52 9.95 275 6.98 0.94 0.87 100.4 54.2 19 256 30 27 20 100 70 19
VES 07 1737AD. LavaFlow  40.7981°N 14.3975°E this study 47.43 0.98 17.59 8.68 - 0.16 3.96 9.20 253 7.64 0.87 0.46 99.5 51.5 17 258 20 28 110 70 20
VES 09 1760 A.D. LavaFlow  40.7767°N 14.4241°E this study 47.97 0.95 17.35 8.24 - 0.15 4.18 9.04 2.90 8.02 0.83 0.59 100.2 54.2 16 235 40 25 30 90 80 18
VES 11 1754 AD. LavaFlow  40.7819°N 144717°E this study 48.43 0.98 17.14 8.35 * 0.15 4.72 9.68 261 6.88 0.89 0.26 100.1 56.8 21 238 40 25 30 90 60 17
VES 16 1929 AD. LavaFlow  40.8131°N 14.4669°E this study 47.92 1.01 16.94 8.94 * 0.16 4.80 10.59 231 6.64 0.89 0.28 100.5 55.6 23 268 30 27 110 70 18
VES 17 1944 A.D Lava Flow  40.8317°N 144119°E  Avanzinelli et al., 2008 48.75 1.03 19.29 1.10 6.70 0.16 3.71 8.44 1.54 822 0.84 0.24 100.0 50.3 * 230 - 23 26 101 * 15
VES 18 1858 A.D. Lava Flow  40.8236°N 14.3867°E  Avanzinelli et al., 2008 49.45 0.91 19.36 2.54 5.18 0.15 3.02 8.26 1.58 8.27 0.70 0.59 100.0 45.9 194 - 21 19 99 * 15
95vs131 472-1631 A.D. Scoria 40.8122°N 144614°E  Avanzinelli et al,, 2008~ 48.18 1.14 16.33 9.56 > 0.17 4.48 9.62 249 6.93 0.82 0.28 100.0 52.2 * 268 30 26 33 112 * 16
97vS718b 472-1631 A.D. Scoria 40.7791°N 14.4347°E  Avanzinelli et al., 2008 48.47 0.99 13.71 7.77 * 0.14 7.45 12.28 1.87 5.67 0.75 0.89 100.0 69.1 * 228 218 26 66 68 * 12
95VS135 472-1631 A.D. Scoria 40.8122°N 14.4614°E  Avanzinelli et al., 2008 48.66 1.07 16.30 9.18 * 0.16 4.36 8.91 2.68 7.52 0.76 0.40 100.0 52.5 - 242 48 25 28 119 * 15
Sediments ICP-MS trace elements data: new data at Bristol Isotope Group (BIG)
Sample name Lithology ref Sio, TiO, Al,0, Fe,0, FeO MnO Mgo Ca0 Na,0 K0 P,0s Lol Sum Mg-v Sc v Cr Co Ni Cu Zn Ga
Wit wi% wt% wt% wtt% wt% wi% wi% wt% wt% wt% wi% W% ppm ppm ppm ppm ppm ppm ppm ppm
sb11 Carbonate-poor marlstone this study 57.39 0.44 11.15 3.25 > 0.07 2.84 10.55 1.86 1.96 * 10.50 100.0 0.6 74 > * 6.1 43.0 6.1 142 10.1
SD 48 Carbonate-rich marlstone this study 23.88 0.29 6.45 225 * 0.09 1.45 34.15 0.60 1.19 * 29.66 100.0 0.6 5.4 * * 9.4 48.0 64.5 300 9.0
ERNS57 Mesozoic Limestone Boari et al. (2009) 7.66 0.07 2.09 0.76 * 0.03 1.05 47.59 0.55 0.28 0.08 39.85 100.0 0.7 1.2 17 - 1.9 * 3.10 14.7 *
Quality Control: Meas/Ref is the ratio between the measured concentration value and the certified one of a number (n) of rock standards measured together with the samples
sio, 7i0, ALO, Fe,0, FeO MnO Mgo ca0 Na,0 K0 P,0, Sc v cr co Ni cu zn Ga
Meas/Cert 1.00 1.01 1.01 1.00 N 0.98 0.98 1.00 1.00 0.95 0.93 Meas/Cert 1.01 1.04 0.92 0.98 0.98 1.02 0.98 1.04
10 0.01 0.04 0.04 0.02 - 0.07 0.05 0.02 0.04 0.13 0.17 10 0.06 0.05 0.10 0.07 0.10 0.09 0.16 0.11
# 14 14 14 14 . 13 14 14 14 14 14 # 12 12 18 27 18 28 27 19

Major and minor element contents were measured by XRF and AAS at Universita degli Studi di Firenze. Further trace element data were acquired at Activation Laboratories (Ancaster, Ontario) via Fusion ICPMS. The trace element contents of the three sediment samples were determined through ICPMS (Thermo Finnigan Element 2) at the Bristol Isotope Group laboratories (hereafter BIG) of the University of Bristol (UK). Reproducibility
of International Standards is expressed as 10; (#) = number of analyses.

Table DR1. Continue

Vesuvius ICP-MS trace elements data: Actlabs Ontario (Canada)

Sample name

VES 01
VES 02
VES 05
VES 06
VES 07
VES 09
VES 11
VES 16
VES 17
VES 18
95vs131
97VS718b
95VS135

Sediments
Sample name

sSD11
SD 48
ERN57

ref.

this study

this study

this study

this study

this study

this study

this study

this study
Avanzinelli et al., 2008
Avanzinelli et al., 2008
Avanzinelli et al., 2008
Avanzinelli et al., 2008
Avanzinelli et al., 2008

ref

this study
this study
Boari et al., 2009

Meas/Cert
10
#

Rb Sr Y Zr Nb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Pb Th u

ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
302 1037 27.4 190 31.9 18.5 2171 44.8 94 1.3 42.3 9.61 244 7.70 1.06 5.48 0.93 247 0.35 224 0.31 4.7 1.66 21 18.4 5.50
293 937 271 210 30.7 20.0 1997 47.9 101 125 47.0 10.5 266 8.32 1.08 5.44 0.92 2.50 0.34 217 0.31 53 1.62 33 21.9 6.82
314 1012 27.8 212 322 20.8 2137 49.1 105 126 46.6 10.4 263 8.28 1.10 5.44 0.92 249 0.35 221 0.32 52 1.70 29 22.0 6.78
280 1040 28.7 221 33.2 17.7 2087 49.5 107 13.0 49.6 10.9 275 8.95 1.1 5.73 0.96 253 0.36 227 0.32 55 1.76 12 21.9 6.61
331 1013 29.5 214 33.9 23.0 2107 47.2 101 125 46.6 10.1 2.56 8.22 1.08 5.33 0.91 247 0.35 2.08 0.32 53 1.69 30 221 7
336 1158 26.1 207 31.6 19.0 2352 52.2 106 12.5 45.4 9.4 2.36 7.28 1.02 5.05 0.89 233 0.33 2.03 0.30 4.7 1.81 44 21.8 6.73
259 974 26.7 198 28.6 16.7 2285 52.9 116 14.0 51.1 1.2 2385 8.70 1.13 5.48 0.92 235 0.33 210 0.31 4.7 1.63 23 21.8 6.12
225 964 26.1 187 25.6 13.0 2214 44.0 93 11.5 445 10.1 251 7.46 1.10 5.29 0.96 2.54 0.36 224 0.33 4.7 1.51 27 16.5 6.04
307 885 225 206 40.0 17.5 2090 51.3 102 12.5 47.1 9.40 2.37 7.76 0.85 4.25 0.75 213 0.26 1.90 0.25 4.0 1.90 - 20.4 5.99

278 941 21.0 182 32.0 15.8 2440 50.6 99 11.7 42.2 8.30 2.20 6.98 0.78 3.99 0.75 2.06 0.27 1.80 0.25 4.0 1.50 * 20.7 5.94
290 933 247 185 33.0 16.2 2290 46.6 93 11.7 45.0 9.10 2.39 8.24 0.93 5.00 0.87 2.44 0.33 2.20 0.28 4.0 1.70 * 21.8 7.35
227 694 21.9 180 32.0 12.2 1710 46.0 94 11.7 45.3 9.50 227 8.20 0.92 4.23 0.77 2.20 0.25 1.90 0.26 4.0 1.60 * 18.7 6.07
266 1050 241 210 33.0 13.0 2630 52.6 104 12.6 46.6 9.30 249 8.16 0.90 4.50 0.80 2.29 0.29 2.20 0.28 4.0 1.60 > 18.7 6.74

ICP-MS trace elements data: new data at Bristol Isotope Group (BIG)

Rb Sr Y Zr Nb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er Tm Yb Lu Hf Ta Pb Th u
ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm ppm
722 229 24.0 203 12.8 - 382 21.5 43 5.46 18.9 4.10 1.23 3.86 0.86 2.81 0.79 1.70 0.49 1.52 0.48 * 0.17 1 10.4 295
42.6 867 20.0 45 2.04 * 188 20.4 24 4.46 17.3 3.54 0.92 3.77 0.58 3.21 0.67 2.00 0.27 172 0.27 * 0.1 5 3.89 1.51
15.0 386 4.50 10 1.62 0.6 56.0 4.30 7 0.97 3.84 0.78 0.19 0.84 0.13 0.72 0.15 0.42 0.06 0.36 0.06 0.34 0.10 0.2 1.00 2.26

Quality Control: Meas/Ref is the ratio between the measured concentration value and the certified one of a number (n) of rock standards measured together with the samples

Rb Sr Y Zr Nb Cs Ba La Ce Pr Nd Sm Eu Gd Tb Dy Ho Er m Yb Lu Hf Ta Pb Th u
0.97 0.98 0.97 0.94 0.95 0.98 0.97 0.99 1.00 0.98 0.98 1.00 0.96 0.99 1.02 0.98 0.99 0.98 0.99 0.98 0.98 0.98 0.93 0.91 1.02 1.00
0.04 0.03 0.10 0.06 0.13 0.05 0.06 0.08 0.04 0.12 0.04 0.04 0.08 0.07 0.11 0.07 0.05 0.09 0.07 0.06 0.05 0.10 0.15 0.33 0.07 0.08

14 12 19 11 15 16 12 28 26 18 31 29 32 18 24 23 20 20 23 32 25 17 19 14 25 23




Table DR2. Sr and Nd isotopic composition of the studied samples and international standards

Vesuvius

Eruption date reference
VES 01 1697 A.D. this study
VES 02 1794 AD. this study
VES 05 1861 A.D. this study
VES 06 1861 A.D. this study
VES 07 1737 A.D. this study
VES 09 1760 A.D. this study
VES 11 1754 A.D. this study
VES 16 1929 A.D. this study
VES 17 1944 AD Avanzinelli et al., 2008
VES 18 1858 A.D. Avanzinelli et al., 2008
95VS131 472-1631 A.D.
97VS718b 472-1631 A.D. Avanzinelli et al., 2008
95VS135 472-1631 A.D. Avanzinelli et al., 2008
Sediments

lithology reference

SD 11 Carbonate-poor marlstone this study
SD 48 Carbonate-rich marlstone this study
ERN57 Mesozoic Limestone Boari et al., 2009

Reproducibility of International Standards

SRM 987 - within run analyses
SRM 987 - long term reproducibility
SRM 987 reference value (Thirlwall, 1991)

AGV1 standard
AGV1 reference value (Weis et al., 2006)

Reproducibility of International Standards

Nd-Fi (internal standard) within run analyses
Nd-Fi long term reproducibility

La Jolla long term reproducibility
La Jolla reference value (Thirlwall, 1991)

Instrument-Laboratory

TIMS-UniFi
TIMS-UniFi
TIMS-UniFi
TIMS-UniFi
TIMS-UniFi
TIMS-UniFi
TIMS-UniFi
TIMS-UniFi
TIMS-UniFi
TIMS-UniFi

TIMS-UniFi
TIMS-UniFi

Instrument-Laboratory

TIMS-UniFi
TIMS-UniFi
TIMS-UniFi

¥Sr/*Sr

0.707311

0.707685
0.707614
0.707436
0.707617
0.707267
0.707944
0.707190
0.707228
0.707437
0.707729
0.707325

¥Sr/**sr

0.710361
0.708040
0.708841

¥Sr/*Sr
measured

0.710247
0.710248
0.710248

0.703982
0.703996

2s.e.

0.000005
0.000006
0.000007
0.000007
0.000007
0.000007
0.000007
0.000008
0.000005
0.000009
0.000009
0.000007

2s.e.

0.000005
0.000005
0.000007

20
abs.

0.000008
0.000016
0.000011

0.000021
0.000020

108
427

10

INA/Nd

0.512478
0.512459
0.512461
0.512470
0.512465
0.512482
0.512448
0.512472
0.512474
0.512462
0.512458
0.512477

NA/Nd

0.512205
0.512163
0.512151

143Ndl144Nd

0.511467
0.511467

0.511846
0.511856

2s.e.

0.000004
0.000005
0.000005
0.000005
0.000005
0.000005
0.000005
0.000004
0.000006
0.000004
0.000005
0.000006

2s.e.

0.000005
0.000005
0.000004

20
abs.

0.000004
0.000007

0.000007
0.000007

1M

67

Sr and Nd isotopes were measured at the Radiogenic Isotopes Laboratory of the University of Firenze (Avanzinelli et al., 2005) with a Thermo Finnigan Triton Thermal
lonisation Mass Spectrometer (TIMS-UniFi) in multi-dynamic mode (Thirlwall, 1991). Internal errors on sample data (+ 2 s.e.) are fully propagated for all the corrections

applied. Reproducibility of International Standards is expressed as 2c; (#) = number of analyses. Numbers in Italic are from Avanzinelli et al. (2008).



Table DR3. Pb isotopic composition of the studied samples and international standards

Vesuvius

Eruption date reference Instrument-Laboratory “PbfPb  28e.  MPp[UPb  2se. WPbfUpp  2se.

initial initial initial
VES 01 1697 A.D. this study MC-ICPMS - BIG 19.079 0.008 15.692 0.005 39.189 0.017
VES 02 1794 AD. this study MC-ICPMS - BIG 18.982 0.008 15.694 0.005 39.126 0.017
VES 05 1861 A.D. this study MC-ICPMS - BIG 19.010 0.008 15.684 0.005 39.120 0.017
VES 06 1861 A.D. this study MC-ICPMS - BIG 19.026 0.008 15.700 0.005 39.173 0.017
VES 07 1737 AD. this study MC-ICPMS - BIG 19.009 0.008 15.688 0.005 39.131 0.017
VES 09 1760 A.D. this study MC-ICPMS - BIG 19.043 0.008 15.685 0.005 39.165 0.017
VES 11 1754 AD. this study MC-ICPMS - BIG 18.961 0.007 15.689 0.005 39.122 0.017
VES 16 1929 AD. this study MC-ICPMS - BIG 19.115 0.008 15.691 0.005 39.212 0.017
VES 17 1944 A.D this study MC-ICPMS - BIG 19.021 0.008 15.696 0.005 39.151 0.017
VES 18 1858 A.D. this study MC-ICPMS - BIG 19.080 0.008 15.695 0.005 39.195 0.017
95VS131 472-1631 A.D. this study MC-ICPMS - BIG 19.007 0.008 15.698 0.005 39.158 0.017
97VS718b 472-1631 A.D. this study MC-ICPMS - BIG 18.912 0.007 15.685 0.005 39.050 0.017
95VS135 472-1631A.D. this study MC-ICPMS - BIG 19.078 0.008 15.696 0.005 39.191 0.017
Sediments
lithology reference Instrument-Laboratory

SD 11 Carbonate-poor marlstone this study TIMS-UniFi 18.851 0.013 15.679 0.015 38.910 0.056
SD 48 Carbonate-rich marlstone this study TIMS-UniFi 18.864 0.013 15.675 0.003 38.908 0.056

206311204 20 207 },/204) 20 20811204, 20
Reproducibility of International Standards PL™"Pb PE™Pb Pp™Pb #

measured abs. measured abs. measured abs.

SRM 982 (BIG) - long term reproducibility MC-ICPMS - BIG 36.755 0.015 17.166 0.006 36.754 0.016 23
SRM 982 reference value (Baker et al., 2004) MC-ICPMS - double spike 36.743 17.162 36.749

BCR 2 (BIG) MC-ICPMS - BIG 18.753 0.015 15.629 0.009 38.744 0.035 8
BCR 2 (UniFi) TIMS-UniFi 18.749 0.003 15.618 0.003 38.714 0.011 7
BCR 2 reference value (Weis et al., 2006) MC-ICPMS - Tl correction 18.753 0.002 15.625 0.004 38.724 0.041 11
BCR 2 reference value (Baker et al., 2004) MC-ICPMS - double spike 18.765 0.011 15.628 0.005 38.752 0.022 8
BHVO 2 (BIG) MC-ICPMS - BIG 18.641 0.012 15.5632 0.044 38.242 0.037 10
BHVO 2 reference value (Weis et al., 2006) MC-ICPMS - Tl correction 18.647 0.024 15.533 0.009 38.237 0.018 5
BHVO 2 reference value (Baker et al., 2004) MC-ICPMS - double spike 18.649 0.019 15.540 0.015 38.249 0.022 5
AGV 1 (UniFi) TIMS-UniFi 18.941 0.013 15.654 0.015 38.566 0.056 1"
AGV 1 reference value (Weis et al., 2006) MC-ICPMS - Tl correction 18.940 0.006 15.653 0.004 38.560 0.010 5
AGV 1 reference value (Baker et al., 2004) MC-ICPMS - double spike 18.942 0.002 15.658 0.002 38.569 0.006 12

Pb isotope ratios of Vesuvius volcanic products were measured at BIG via Thermo-Finnigan Neptune MC-ICPMS. Instrumental mass fractionation was corrected by the
average of the bracketing NIST SRM 981 run before and after the sample (Avanzinelli et al., 2014). Pb isotope ratios of the sediment samples were measured at the
Radiogenic Isotopes Laboratory of the University of Firenze (i.e., UniFi) with a Thermo Finnigan Triton Thermal lonisation Mass Spectrometer (TIMS). Mass bias was corrected
by replicate analyses of NIST SRM 981 as described in Avanzinelli et al., 2005. The reproducibility of the international rock standards is expressed as 2 sigma (20): # =
number of analyses. The internal errors (+ 2 s.e.) on the samples' ratio are calculated from the reproducibility of SRM982 (for BIG measurements) and AGV 1 standards

(UniFi), respectively. Reference values (Baker et al., 2004; Weis et al., 2006) adopted different protocols for mass-bias corrections using *TI/*T| (Weis et al., 2006) and a
27pb/2%Ph double-spike (Baker et al., 2004), respectively.



Table DR4. U-series and §%**U of the studied samples and international standards

Vesuvius
sample Eruption date reference Instrument-Laboratory v 2se. Th 2se. (Hurtu) 2se. (UrTh) 2se. (*°Th/Th) 2se. (*Th/=u) 2se. 5y 2se.
ppm ppm %o
VES 01 1697 A.D. this study MC-ICPMS - BIG 5.747 0.027 16.963 0.089 1.001 0.002 1.028 0.008 0.897 0.002 0.872 0.003 VES 01 -0.30 0.02
rep this study 5.744 0.028 17.029 0.081 1.003 0.002 1.024 0.008 0.886 0.003 0.866 0.003 rep. 0.2 0.06
rep-2 this study 6.540 0.019 19.187 0.065 0.999 0.002 1.034 0.005 0.890 0.002 0.861 0.003
VES 02 1794 AD. this study MC-ICPMS - BIG 7.070 0.030 19.818 0.089 1.009 0.002 1.082 0.008 0.871 0.003 0.805 0.003
rep this study 7.430 0.022 20.841 0.315 1.006 0.002 1.082 0.018 0.877 0.002 0.811 0.014
rep-2 this study 7.101 0.024 19.731 0.074 0.999 0.001 1.092 0.006 0.868 0.003 0.795 0.003
VES 05 1861 A.D. this study MC-ICPMS - BIG 7.070 0.020 20.289 0.058 1.003 0.002 1.057 0.006 0.873 0.004 0.825 0.004
rep this study 7.067 0.026 20.170 0.077 0.996 0.002 1.063 0.007 0.871 0.003 0.819 0.004
VES 06 1861A.D. this study MC-ICPMS - BIG 6.962 0.034 20.203 0.091 0.998 0.002 1.046 0.007 0.886 0.002 0.847 0.003
rep this study 6.332 0.019 18.487 0.056 1.003 0.002 1.039 0.005 0.885 0.002 0.851 0.003
VES 07 1737 A.D. this study MC-ICPMS - BIG 7.245 0.031 20.303 0.088 1.001 0.002 1.083 0.005 0.874 0.000 0.807 0.000 VES 07 -0.27 0.03
rep this study 7.175 0.024 20.256 0.069 1.002 0.002 1.075 0.006 0.869 0.003 0.809 0.003
VES 09 1760 A.D. this study MC-ICPMS - BIG 7.250 0.032 20.519 0.095 1.002 0.001 1.072 0.008 0.921 0.002 0.859 0.003
rep this study 7.017 0.019 19.879 0.071 1.004 0.002 1.071 0.005 0.899 0.002 0.839 0.003
VES 11 1754 A.D. this study MC-ICPMS - BIG 6.498 0.029 20.454 0.088 0.994 0.002 0.964 0.007 0.850 0.003 0.882 0.004
rep this study 5.840 0.017 18.342 0.060 1.003 0.002 0.966 0.005 0.852 0.002 0.882 0.003
VES 16 1929 A.D. this study MC-ICPMS - BIG 4.659 0.022 15.489 0.068 1.003 0.002 0.913 0.004 0.881 0.002 0.965 0.004 VES 16 -0.26 0.04
rep this study 4.668 0.016 16.777 0.058 0.999 0.002 0.898 0.005 0.865 0.002 0.963 0.004
VES 17 1944 AD this study MC-ICPMS - BIG 6.293 0.025 19.096 0.077 1.001 0.002 1.000 0.007 0.874 0.003 0.874 0.004 VES 17 -0.29 0.02
rep this study 6.266 0.023 19.057 0.078 1.002 0.002 0.998 0.007 0.874 0.004 0.876 0.005 rep. -0.31 0.05
published Avanzinelli et al., 2008 6.30 19.45 1.001 0.003 0.983 0.005 0.868 0.005 0.884 0.004
VES 18 1858 A.D. this study MC-ICPMS - BIG 6.456 0.024 20.221 0.076 1.000 0.002 0.969 0.006 0.891 0.003 0.920 0.004 VES 18 -0.12 0.04
rep this study 6.412 0.026 20.048 0.089 1.001 0.002 0.970 0.007 0.886 0.004 0.913 0.004
rep-2 this study 6.324 0.023 19.981 0.087 1.000 0.002 0.960 0.006 0.880 0.003 0.916 0.004
published Avanzinelli et al., 2008 6.340 20.170 1.001 0.003 0.953 0.004 0.878 0.005 0.921 0.003
95VS131 472-1631AD. this study MC-ICPMS - BIG 7.631 0.038 20.892 0.108 1.001 0.002 1.108 0.008 0.904 0.002 0.816 0.003
published Avanzinelli et al., 2008 7.600 20.780 1.003 0.004 1.112 0.006 0.896 0.005 0.806 0.003
97VS718b 472-1631A.D. this study MC-ICPMS - BIG 6.214 0.031 17.524 0.084 1.003 0.002 1.076 0.008 0.881 0.003 0.819 0.003 97Vs718b  -0.19 0.04
published Avanzinelli et al., 2008 6.230 17.490 1.002 0.004 1.083 0.005 0.882 0.006 0.815 0.003
95Vs135 472-1631A.D. this study MC-ICPMS - BIG 6.696 0.030 16.778 0.080 1.001 0.002 1.211 0.008 0.890 0.002 0.735 0.002 95VS135 -0.24 0.04
published Avanzinelli et al., 2008 6.700 16.760 0.999 0.003 1.215 0.006 0.887 0.005 0.728 0.003
Sediments 8%%u 2se.
SD 11 Carbonate-poor maristone this study MC-ICPMS - BIG sb11 -0.08 0.02
SD 48 Carbonate-rich marlstone this study MC-ICPMS - BIG SD 48 0.19 0.06
ERN 57 Mesozoic Limestone this study MC-ICPMS - BIG ERN 57 -0.67 0.04
rep -0.68 0.03
Reproducibility of International Standards

u 20 (#) Th 20 (#) *urty) 200 (2*UP?Th) 20 (#) (®*°Th/**Th); 20 (#) (®°Th/*U), 20 (#) V] 20 (#)
BCR 2 1.693 0.027 (17) 5.885 0.105 (17) 1.002 0.006 (17) 0.873 0.006 (17) 0.877 0.006 (17) 1.005 0.006 (17) BCR 2 -0.280  0.028 (2)
TML 10.51 0.20 (23) 29.78 0.77 (23) 1.000 0.004 (23) 1.071 0.012 (23) 1.072 0.013 (23) 1.001 0.009 (23)
Cz1 CzZ1 -0.045  0.037 (8)
JB 2 JB2 -0.313  0.076 (3)
BHVO 2 BHVO 2 -0.313 0.093 (4)

238.2%Th disequilibria were measured by isotoptope dilution using established techniques (Hoffmann et al., 2007; Avanzinelli et al., 2014) at BIG via MC-ICPMS by bracketing each sample between two standards, U112a for U measurements and an internal Th-standard for Th

analyses. The possible influence of weathering or seawater alteration was checked by measuring (***U/?*U) of the samples, all of which resulted within error of secular equilibrium values. Th and U contents are ppm. Parentheses denote isotope ratios are expressed as activity.
Internal errors on sample data ( 2 s.e.) are fully propagated for all the corrections applied. Age corrections have not been applied due to the historic age of all the samples. Reproducibility of International Standards is expressed as 20; (#) = number of analyses. Replicates (in italic)
are made on completely separate sample dissolutions. Published data performed on some of the same samples (Avanzinelli et al., 2008) are also reported. Accuracy and reproducibility was tested over the measurement period by several replicates of International standards BCR 2
and TML, all yielding values indistinguishable from secular equilibrium.

2382 was measured via MC-ICPMS at BIG according to the procedure described in Andersen et al. (2014, 2015) using the IRMM-3636 ***U-2**U double spike. A two-step sample purification procedure by TRU Resin chemistry allowed full U recovery (>85 %) and total chemistry
blanks of 25 pg for all samples (negligible comparing with sample sizes). Measurements of unknown samples were bracketed and normalised to the CRM 145 standard that had been previously spiked. The mass bias corrected ?**U/?*U ratios were reported to 5-notation using the
23835 = 137.829 (£0.022) CRM 145 value (Hiess et al., 2012). The ?**U was then normalised to the bracketed standard values measured along with the samples.



Table DRS. Trace element and isotope

of the end-members used to model the mantle source of the Vesuvius

Step I - Mantle prior to the addition of the U-rich Marl Melt Component

Original mantle wedge (MW) (Tommasini et al., 2007)
Slab derived component (SC) (Tommasini et al., 2007)

% SC added
Enriched mantle wedge beneath Vesuvius after Step | 3.5%

Step II - U-rich Marl Melt Component (MMC)
Starting materials

Starting Sed 1. SD48 - High Carbonate marl

Starting Sed 2. SD11 - Low Carbonate marl

Enrichment factors (Skora et al., 2015) run conditions
High carbonate 900°C, 25 % H,0
Low carbonate 850°C, 22 % H,0

Marl Melt Component (MMC)
Melt from SD48 - High Carbonate (HC melt)
Melt from SD11 - Low Carbonate (LC melt)

% MMC added
average ition of ius mantle
source (AD 1700 - AD 1944)

2.5 % of HC melt
1.0 % of LC melt

BOC-derived fluid component (Avanzinelli et al., 2012
Andersen et al., 2015)

Sr Nd Th U (*uPTh) (P°Th/*Th) 'sr/*sr "Nd/'**Nd 'y
ppm ppm ppm ppm o
22 12 0.06 0.02 0.703000 0.513090 -0.33
172 596 2400  6.55 0.709295 0.512145 -0.33
62 3.2 0.90 0.25 0.707148 0.51248 -0.33
Sr Nd Th u (**UPTh) (**Th/*?Th) 7SS Nd/Nd 82U
867 17.3 3.90 1.74 0.708040 0.512163 0.19
229 189 1040  3.68 0.710360 0.512205 -0.08
1 0.03 0.05 0.95

1 0.05 0.10 1.24

461 0.58 0.21 1.65 0.708040 0.512163 0.19
279 0.91 1.02 4.57 0.710360 0.512205 -0.08
Sr Nd Th U (*UPTh) (P°Th/*Th) ¥'sr/*sr "Nd/**Nd %y
72 3.18 0.88 0.28 0.707290 0.512481 -0.25
64 3.20 0.90 0.29 0.70729 0.51248 -0.29
203 28 0.07 0.16 -0.17

The slab derived components used for Step | (from Tommasini et al., 2007) are assumed in secular equilibrium and their 5°°U is assumed equal to the bulk earth values reported in (Andersen et al., 2015). The Sr, Nd, U and Th contents of the BOC-derived

fluids (used in Figs. 2 and DR2 ) are from (Avanzinelli et al., 2012) and its 5*°U is the average BOC value reported in Andersen et al., 2015). The paper of Skora et al., 2015 does not provide partition coefficients, but rather enrichment factors (i.e., the

composition of the melt generated ratioed to that of the stating material), hence utilising such enrichment factors we implicitly assume similar degree of melting



Table DR6. Estimates of CO, content in the Marl Melt Component (MMC)

144-16 HC
carbonate-rich marl
Skora et al., 2015

Initial CO, (Wt%) 16.2%
% residual CaCO; 25.0%
CO, in residual CaCO; (Wt%?) 11.0%
CO, lost with melt (wt%*) 5.2%
% sed melt 58.0%
CO, carried with sed. melt (wt%) 9.0%

SD 48
carbonate-rich marl
this study

18.2%

25.0%
11.0%
7.2%

58.0%

12.4%

144-38 LC
carbonate-poor marl
Skora et al., 2015
6.1%

2.0%

0.9%

5.2%
66.0%

7.9%

SD 11
carbonate-poor marl
this study
7.0%

2.0%
0.9%
6.1%
66.0%

9.3%

The amount of CO, retained in carbonate is calculated by stoichiometrically allotting it into the CaCO, formula. Numbers in ltalic are estimated assuming

similar CO,/LOI and phase proportions of the HC and LC sediments reported in Skora et al. (2015). ® : The % values are referred to the bulk initial marl.
The remaining CO, has been redistributed into melt in order to provide an estimate of the CO, contents carried along wih it. See the Data Repository for

further explanations.



Table DR7. Parameters used for CO, flux calculations

Period of activity

Variable parameters
% of marl melt added: %MMC
mean [U] of Vesuvius mantle source : [U]ys

Vesuvius Output/Supply Rate (volume/year)

[Uler
[ COZIMMC

Calculated masses and fluxes
OR597.1944 - Mass Output/Supply Rate:

fUgg = fUys : Uranium mass flux:

fus . Mass rate of mantle source undergoing
meltina:

fume : Mass Flux of MMC:

MMC-derived CO, flux: fcozmmc

AD 1697- AD 1944

example HC-marl addition
2.5%
0.28 ppm

3.5 x 10° m®lyr
6.5 ppm
10 wt%

9.4 Mtlyr
61 tiyr
220 Mt/yr

5.5 Mt/yr

0.55 Mtiyr

range for Monte Carlo simulations source
1.0-2.5% Mixing model (Table DR5)
0.28 -0.29 ppm Mixing model (Table DR5)
Cortini and Scandone (1982); Scandone et al.
(1986); Santacroce et al. (1993); Scandone et al.

3.0-4.0 x 10° m*yr (2008)
5.7-7.2 ppm Our dataset and GeoRoc database
8- 13 wt% Table DR6
Fig. 3

The first column shows an example of the calculations made to obtain the estimate for the MMC-derived CO, fluxes (as describe in the Data Repository) considering a
single set of parameters. The range used for the Monte Carlo simulations a are reported in the second comulm. Output rates values are considered as Dense Rock

Equivalent (Santacroce et al., 1993). The mass of of magma erupted (in Mt=10° tons) are calcualted from the output rate a mean density of 2700 kg/m®. See the Data

Repository for further explanations.
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