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ARTICLE INFO ABSTRACT

Handling Editor: Astrid Holzheid The lavas of the Mt. Somma volcanic epoch were erupted during the early stage of the Somma-Vesuvius volcanic
complex. These lavas are mildly differentiated with the presence of plagioclase-clinopyroxene-olivine- + leucite-
Keywords: bearing rocks (leucite tephrites, leucite-bearing shoshonites, latites), also characterized by low in MgO, Cr and Ni,
Leucite tephrites with a Sr-Nd-isotope range (¥7Sr/%%Sr = 0.706865-0.707861; 14*Nd/*‘Nd = 0.51244-0.51258) that overlaps
Leucite-bearing shoshonites with lavas of the late stage Vesuvius erupted after 1631 CE (late stage of the Somma-Vesuvius volcanic complex).

Leucite-free shoshonites . o . . . R . .
Differentiation is dominated by closed-system processes, with fractional crystallization of clinopyroxene, calcic

Ultrapotassic volcanism

Somma-Vesuvius
Neapolitan district
Roman Province

plagioclase, olivine, magnetite, and leucite. Open-system differentiation processes are subordinate and associated
with limited interaction with crustal rocks. Oxygen isotopes on clinopyroxene and olivine phenocrysts (520 =
6.5-7.9 %) are higher than typical uncontaminated mantle magmas, suggesting a crustal contribution to the
melt. Although open-system assimilation + fractional crystallization certainly took place, this process alone does
not adequately reproduce the chemical and isotopic composition of the Mt. Somma ultrapotassic magmas.
Therefore, a contribution from a recycled crustal component in the mantle source is required, but probably
dominated by sediment-derived fluids and melts. The Mt. Somma lavas are characterized by distinctly different
geochemical features compared to the mafic products of the neighboring volcanic areas (i.e., Phlegrean, Procida

and Ischia volcanic fields), where the recycled crustal component is less pronounced.

1. Introduction

The Somma-Vesuvius volcanic complex is one of the best-known
volcanoes in the world, due to its location in a densely populated
area, to its history related to the effects of several Plinian and sub-Plinian
eruptions (e.g., 3800 yr. B.C. “Avellino”, 79 CE “Pompeii” and 472 CE
“Pollena” eruptions), one of which caused the disappearance of the cities
of Pompeii, Herculaneaum and Stabiae. This volcano belongs to the
Neapolitan district (Fig. 1), which is the southernmost volcanic cluster of
the Roman Magmatic Province (e.g., Washington, 1906; Avanzinelli
et al., 2009; Conticelli et al., 2004, 2010, 2015a).

The Roman Magmatic Province (RMP) occupies the Tyrrhenian side
of the Apennine chain, from southern Tuscany to Naples, and is
composed of several volcanic complexes of mainly Pleistocene to Qua-
ternary age that share potassic to ultrapotassic affinities (e.g., Wash-
ington, 1906; Beccaluva et al., 1991; Conticelli et al., 2004, 2010;
Avanzinelli et al., 2009, 2017; Peccerillo, 2017). Beccaluva et al. (1991)
first identified a distinct geochemical and isotopic discontinuity be-
tween the Roccamonfina volcano, the southernmost parts of the Latian
districts of the RMP, and the southernmost sector of the RMP belonging
to the Neapolitan district (Fig. 1). This geochemical discontinuity was
interpreted as the result of a different recycled sedimentary contribution
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in a slightly enriched mantle, generally thought to be similar to the
source of E-MORB (e.g., D’Antonio and Di Girolamo, 1994; D’Antonio
et al., 1996, 1999; Iovine et al., 2018) and/or by the occurrence of
contributions from geochemical reservoirs derived from the Aeolian
subduction and from a slab tear located in the Mt. Vulture area (e.g.,
Peccerillo, 2001, 2017; Gasperini et al., 2002; Avanzinelli et al., 2009,
2018; Conticelli et al., 2009a, 2009b, 2010, 2015a). Geochemical and
radiogenic isotope data indicate that the most mafic magmas of the
RMP, independently of their degree of silica saturation, were chemically
influenced by subducted pelitic & carbonate lithologies in the genesis of
their variably enriched mantle sources (e.g., Conticelli et al., 2002,
2007, 2013, 2015a; Avanzinelli et al., 2008, 2009, 2018; Casalini et al.,
2019). Recent studies have shown that recycling of sedimentary to
crustal materials in subduction zones significantly modifies the Sr-Nd-
Pb-O isotopes of metasomatized peridotite (e.g., Conticelli and Pecce-
rillo, 1992; Iovine et al., 2018; Dallai et al., 2019, 2022; Avanzinelli
et al., 2020; Fan et al., 2021).

The Somma-Vesuvius volcanic complex is a nested volcano with an
early, pre-caldera, epoch that brought to the building of the Monte
Somma stratovolcano, an intermediate epoch that brought to the caldera
formation through several explosive Plinian to sub-Plinian eruptions,
and a post-caldera epoch that built up the post-caldera Vesuvius great
cone (e.g., Santacroce, 1987; Cioni et al., 1999, 2008, 2019; Avanzinelli
et al., 2017). The Somma-Vesuvius volcanic complex is also well known
for the occurrence of limestone and skarn xenoliths that well document
the interaction between mantle-derived magmas and Mesozoic lime-
stones and dolostones of the crustal basement of the volcano (e.g.,
Fulignati et al., 2005; Jolis et al., 2015; Balassone et al., 2013, 2023).
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The role of the magma interaction with Mesozoic basement limestones
in the genesis of the Somma-Vesuvius volcanic rocks has been histori-
cally debated (e.g., Savelli, 1967, 1968 and references therein; Di Renzo
et al., 2007; Iacono Marziano et al., 2008; Conticelli et al., 2010; Dallai
et al., 2011; Pichavant et al., 2014; Jolis et al., 2015; Avanzinelli et al.,
2018), and more recently also for other potassic/ultrapotassic districts
of the RMP (e.g., Dallai et al., 2004; Gaeta et al., 2006, 2009; Iacono
Marziano et al., 2007, 2008; Freda et al., 2008; Boari et al., 2009a,
2009b). The interaction at shallow level between potassic magmas and
carbonate sedimentary sequences was thought to be the main source of
COq-bearing gases around Vesuvius. However, an important contribu-
tion of mantle-derived CO to the production of Vesuvius gases has also
been suggested and documented (e.g., Avanzinelli et al., 2018).

With respect to the entire sequence of the Somma-Vesuvius volcanic
complex, the lavas and dikes of Mt. Somma have received little
geochemical and petrological attention in the scientific literature,
although they constitute the largest portion of the early stratovolcano.
Indeed, previous studies of the stratovolcano focused mainly on the
explosive and effusive activity of the syn- and post-caldera Somma-
Vesuvius volcanic complex (e.g., Cioni et al., 1999; Melluso et al., 2022
and references therein). As a corollary, the study of the complete evo-
lution of the Somma-Vesuvius volcanic complex may provide a case
study to investigate in detail the involvement of CO3 in the early (pre-19-
21 ka) activity of the Somma-Vesuvius volcanic complex.

In this paper we report new and original geochemical and Sr-Nd-O
isotope data of lavas and dikes collected along the entire stratigraphic
log of Mt. Somma, sampling the caldera wall and the outer slopes in
detail (Supplementary Fig. 1) to fill this gap of knowledge. The data are
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Fig. 1. Distribution of potassic and ultrapotassic volcanism associated with calc-alkaline and shoshonitic rocks in Central Italy (redrawn after Conticelli et al., 2013,
2015a, 2015b; Giinther et al., 2023). Ranges of emplacement absolute ages are also reported beside each either volcanic centre or igneous rocks. For age references
see: Conticelli et al., 2010, 2011, 2015a, 2015b; Laurenzi et al., 2015; Avanzinelli et al., 2017; Peccerillo, 2017. Roma Magmatic Province is reported on the bases of
silica saturations and leucite occurrence (i.e., Red, Orange, and light Brown). Latian districts are those from Vulsini, at North, and Roccamonfina, at South. Nea-

politan district is the southernmost volcanic cluster made of Ischia, Procida, Phlegrean Fields, and Somma-Vesuvius volcanoes (after Avanzinelli et al.,

2009). The

Monte Amiata volcano is a hybrid potassic volcano with magmas generated by mixing between the Tuscany and Roman magmatic provinces (van Bergen et al., 1983;
Conticelli et al., 2015b). (For interpretation of the references to color in this figure legend, the reader is referred to the web version of this article.)
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discussed in the broader context of the petrological evolution of the
Somma-Vesuvius volcanic rocks to better elucidate the processes that led
to the transition from slightly to highly silica undersaturated magmas
through time. The geochemical characteristics thought to be mantle-
related, and the importance of the Mt. Somma magmas in the RMP are
also highlighted.

2. Geological setting

The Somma-Vesuvius volcanic complex is located in the Neapolitan
district (Fig. 1), together with the Phlegrean Fields, Procida and Ischia
volcanoes (e.g., Washington, 1906; Beccaluva et al., 1991; Avanzinelli
et al., 2009; Conticelli et al., 2010, 2015a, 2015b), south of the Rocca-
monfina volcano and overlying the 2 Ma buried calc-alkaline andesites
found in the Parete and Castel Volturno boreholes (e.g., Beccaluva et al.,
1991; Di Girolamo et al., 1996; Rouchon et al., 2008; Conticelli et al.,
2010; Avanzinelli et al., 2017).

The Somma-Vesuvius volcanic complex consists of an ancient stra-
tovolcano, the Mt. Somma stratocone, with a summit caldera in which
the younger Vesuvius Great Cone (s.s.) is nested. The pre-caldera summit
of the Mt. Somma volcano was probably located about 500 m north of
the present-day crater, at an elevation of about 1600-1900 m.a.s.l.
Samples from the “Trecase 17 geothermal well have been dated to
320-360 ka, but it is highly uncertain whether these samples belong to
the Somma-Vesuvius activity (cf. Brocchini et al., 2001). The activity of
Mt. Somma is earlier than the Plinian “Pomici di Base “ eruption. Most of
the products of the ancient Somma volcano are exposed in the inner
walls of the caldera, with pyroclastic deposits found in the Camaldoli
della Torre borehole (SE of the Vesuvius cone) interlayered with the
products of the Campanian Ignimbrite eruption (Di Renzo et al., 2007).
Three large explosive events occurred between 39 and 22 ka: the “La
Schiava” eruption (36 ka), the “Taurano” eruption (36-33 ka), the
“Codola” eruption (33 ka), and the “Carcavone” eruption (39-22 ka)
(Sparice et al., 2017 and references therein). Other Plinian eruptions are
known: the “Pomici di Base” eruption (21,670 y BP), the “Pomici Ver-
doline” eruption (16,130 + 110 yr. BP), the “Mercato” eruption (a.k.a.
“Ottaviano” eruption, 8900 yr. BP); the “Avellino” eruption (3945 + 10
cal BP), the “Pompeii” eruption (79 CE) and the “Pollena” eruption (472
CE) (e.g., Melluso et al., 2022 and references therein). After minor ac-
tivity just after the 472 CE and medieval activity, the last period of ac-
tivity started in 1631 CE with a mild and semi-persistent activity, with
minor lava effusions and short quiescent periods (last event 1944 CE).
Each quiescent period was preceded by relatively powerful explosive
effusive polyphase eruptions.

Tomographic images of the volcano reveal a central cylindric core of
high rigidity below the axial area of the volcano (e.g., Zollo et al., 1996;
Fedi et al., 2018 and references therein), which has been interpreted as a
solidified magmatic intrusion or conduit. A sharp decrease in P-wave
velocity is observed below 9-10 km depth; this feature is thought to be
evidence for a magma reservoir (e.g., Zollo et al., 1996; Piana Agosti-
netti and Chiarabba, 2008).

3. Materials, methods, and classification of Mt. Somma volcanic
rocks

Fresh samples of lavas (n. samples: 95) and dikes (n. samples: 5),
representative of the pre-caldera volcanic history, were collected along
the slopes of Mt. Somma (Fig. 2; Supplementary Fig. 1). Analytical
techniques are described in detail in the Supplementary Material 1 (see
Cucciniello et al., 2017, 2022; Guarino et al., 2021). Majors and trace
elements, determined by ICP-OES and ICP-MS, are reported in Table 1,
while XRF analyses are reported in Supplementary Table 1. Detailed
petrographic description, mineral chemistry, and crystallization condi-
tions are given in Supplementary Material 2. Analyses of radiogenic
isotopes were carried out on rock powders of selected samples prelimi-
narily treated with 2.5 M HCI for 4 h and then rinsed three times with
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Milli-Q water, as leaching generally minimize isotopic variation -
induced by supergene processes — that may overprint the magmatic
signature. Sr—Nd isotopic ratios were determined after purification
using thermal ionization mass spectrometry (Thermo-Fisher Scientific
Triton™) at the Dipartimento di Scienze della Terra of the University of
Florence, with the methods described by (Avanzinelli et al., 2005, 2020,
and references therein) and then reported in Table 1.

The Mt. Somma lavas and dykes were classified according to the KoO-
NayO diagram of Middlemost (1975), Total Alkali vs. Silica (T.A.S., Le
Bas et al., 1986), the Ko0-SiO5 diagram (Di Girolamo, 1984), the R1-R2
classification diagram (de la Roche et al., 1980) to the criteria of Foley
et al. (1987) (Fig. 3a-d) and CIPW norms (Supplementary Table 1).
Overall, the Mt. Somma lavas and dikes are nepheline-normative and
subordinately leucite-normative (Supplementary Table 1); the potassic
volcanic rocks are the least silica-undersaturated. Leucite-bearing lavas
are divided into three main groups according to the degree of silica
saturation:

(1) Leucite tephrites (s.L): This group is formed by leucite-bearing
lavas with leucite both as phenocrysts and in the CIPW norm. These
rocks are highly silica undersaturated (SSU) [leucite-normative, leucite
(Ic) = 8-22 %; nepheline (ne) = 11-17 %] with terms ranging from
leucite-tephrite to leucite-tephriphonolite (Fig. 3¢, d). This group is
strictly equivalent in terms of mineralogy, petrography (Supplementary
Material 2.1) and chemical composition to the lavas of the recent
Vesuvius Great Cone activity (1631-1944 CE).

(2) Leucite-bearing shoshonites: This group of rocks consists of leucite-
bearing rocks without leucite in the CIPW norm. These rocks plot in the
latite and shoshonite fields of the TAS and R1-R2, with a few samples
crossing the boundary with tephrites (Fig. 3¢, d; Supplementary Material
2.1). Since the normative nepheline is variable but significantly high
(2-13 %), these rocks are slightly to moderately silica undersaturated
(hereafter MSU).

(3) Leucite-free shoshonites: This lava group has K20/Nap0 < 2 and
plots in the field of potassic series in the NasO-K;0 diagram and in the
shoshonitic field of the K30-SiO, diagram (Fig. 3a, b; Supplementary
Material 2.1). In the TAS and R1-R2 diagrams, these rocks plot mainly in
the latite field (hereafter latites) (Fig. 3c, d).

The distinction between the MSU and SSU groups corresponds to a
lithologic discontinuity and a marked change in slope noted along the
caldera wall, where the SSU overlie the Mt. Somma lavas and dikes
(Supplementary Material 2.1).

4. Major- and trace element geochemistry

The concentration of MgO in the Mt. Somma lavas and dikes ranges
from 5.8 to 2.0 wt%, with Cr and Ni < 114 and < 54 ppm, respectively;
the relatively low forsterite content of olivine and the low Mg# of cli-
nopyroxene phenocrysts (Supplementary Material 2.2) indicate that
none of these rocks have compositions that can be attributed to liquids in
equilibrium with a mantle source. Concentrations of CaO, Al,03, Nas0,
SiO, Sc, and V decrease with MgO, whereas TiO,, Fe3Osq, P2Os, K20,
and other elements have a more limited correlation (Supplementary Fig.
2). These variations seem to be compatible with the removal of an
assemblage of the observed phenocryst phases. The increase in Al;O3
and the decrease in CaO, Sc, and V indicate a more significant removal of
clinopyroxene and magnetite than of plagioclase and leucite (Supple-
mentary Figs. 2 and 3). For a given MgO, variations in major oxides and
trace elements such as Zr, Sr, Y, and Nb are not fully consistent with
simple fractional crystallization schemes of the observed phases (Sup-
plementary Fig. 3).

The bulk compositions of Mt. Somma volcanic rocks have a signifi-
cant compositional range for fluorine (SSU group: F = 1079-2105 ppm;
MSU group: F = 1046-2103 ppm; Latite group: F = 1061-1475 ppm)
and chlorine (SSU group: Cl = 137-4551 ppm; MSU group: Cl =
46-1766 ppm; Latite group: Cl = 40-358 ppm), while S is significant in
two SSU samples (69 and 1903 ppm) (Supplementary Fig. 3). Therefore,
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the contribution of F and Cl in the petrogenesis of the Mt. Somma lavas
should be considered.

The chondrite normalized REE patterns of the Mt. Somma lavas and
dikes are moderately LREE enriched (Lay/Yby = 15-27) and with sig-
nificant Eu troughs [Eu/Eu* = Euy/(Smy X GdN)o'5 = 0.8-0.9], typical
of all the mafic leucite-bearing rocks of the RMP (e.g., Rogers et al.,
1985; Boari et al., 2009b; Fig. 4). No significant differences are observed
with increasing degree of differentiation (MgO concentration as a proxy)
and group affinity, indicating that the europium (Eu) trough of the
chondrite normalized patterns is not related to plagioclase removal.

The Mt. Somma lavas and dikes have Nb/Yb (11-25), Th/Yb (6-13),
and Ba/Nb (37-83) ratios are significantly higher than mantle or MORB
reference values (cf. Lyubetskaya and Korenaga, 2007), whereas the La/
Nb ratio (1.4-2) is only slightly higher (Table 1; Fig. 5). The Zr/Hf
(40-50) and Nb/Ta (16-23) ratios are also slightly higher than typical
mantle ratios, Nb/U is low (4-10), and Th/U (2.7-3.7) is slightly low
compared to the typical mantle ratios. The mantle-normalized multiel-
ement patterns of the Monte Somma lavas have troughs at Nb, Ta, and
Ti, a peak at Pb and marked Large Ion Lithophile Element (LILE)
enrichment compared to HFSE (Fig. 6). Zr and Hf are not markedly
depleted relative to the neighboring REE.

5. Nd, Sr, and O isotope composition of the Mt. Somma lavas

The Mt. Somma lavas have 8Sr/%Sr ranging from 0.706865 + 6 to
0.707861 + 8 and **Nd/!**Nd ranging from 0.512441 + 5 to 0.512582
+ 6, with no systematic variation with the degree of magmatic differ-
entiation (Table 1; Fig. 7). These data match the known isotopic ranges
of Somma-Vesuvius (e.g., 25 ka to the medieval and 1631-1944 CE
eruptions; Fig. 7), but also with more differentiated rocks from the Ne-
apolitan district (i.e., trachyte). On the other hand, the Sr—Nd isotopic
ranges of Vesuvius are clearly different from the isotopic composition of

the primitive basalts of Procida (Solchiaro Mg-rich lavas) and Ischia,
which represent the most primitive volcanic products erupted in the
Phlegrean-Ischian volcanic areas (Fig. 7), excluding any comagmatic
origin of the mafic magmas of the various volcanic districts.

The oxygen isotope composition of the Somma-Vesuvius lavas has
been studied using the 830 of clinopyroxene and olivine. Clinopyroxene
is ubiquitous in these rocks, and its chemical composition is c sensitive to
carbonate assimilation (Dallai et al., 2004). In MSU rock, clinopyroxene
has 580 ranging from +6.3 to +7.9 %o (Table 2), and olivine has 5'%0
between 6.4 and 7.0 %o, thus significantly higher than clinopyroxene in
an unmodified upper mantle (5!%0 = 5.6 + 0.3 %; Mattey et al., 1994;
Eiler, 2001). Considering the expected 6180m51t_cpx and Slgomeh_ol (0.2
%o, and 0.6 %o, respectively) (e.g., Taylor and Sheppard, 1986; Chiba
et al., 1989; Matthews et al., 1998; Zhao and Zheng, 2003), equilibrium
melt compositions range significantly above uncontaminated mantle-
derived magmas from unmodified sources. Moreover, the negative
6180CPX and Cr- Slsocpx as well as Fo- 618001 covariation trends (Fig. 8a)
of the MSU samples indicate that the oxygen isotope composition of the
melts increased with the degree of magmatic evolution, thereby
implying that crustal (carbonate) contamination occurred at least at
crustal levels.

6. Discussion

The mildly silica undersaturated (MSU) and the leucite-free shosh-
onitic and latite rocks of Mt. Somma volcano do not represent just “a few
outliers” as previously reported (e.g., Joron et al., 1987; Peccerillo,
2005; Santacroce et al., 2008), but rather, they form the bulk of the
eruptive units of the first stage of the Mt. Somma-Vesuvius volcanic
complex. Although the well-known transition to more silica undersatu-
rated products is evident, it appears that it should not be considered as
sharp as previously thought. In addition, some of the mildly silica



Table 1

New ICP-OES, ICP-MS analyses and Sr—Nd isotopes of the Mt. Somma lavas and dikes.

SSU group MSU group Latite group
Sample MRL3 MRL19 MRL97V MRL59 MRL25 MRL41 MRL43 MRL74 MRL32 MRL6 MRL27 MRL50 MRL91 MRL24 MRL48 MRL35 MRL21 MRL37 MRL103 MRL104 V44lava
Type Lava Lava Lava Lava Dyke Lava Lava Lava Lava Lava Lava Lava Lava Dyke Lava Lava Lava Lava Lava Lava Lava
SiOy (Wt%) 49.93 48.49 51.01 50.86 51.09 49.84 51.16 51.51 51.70 51.28 51.20 52.20 53.26 51.92 51.93 53.07 51.54 53.24 53.12 53.10 48.31
TiO, 1.11 0.99 1.09 1.02 0.99 1.15 0.97 0.91 0.88 0.97 0.91 0.87 1.02 0.97 0.94 0.96 0.91 1.00 1.00 1.01 0.88
Al,03 16.31 16.06 16.89 16.15 16.78 16.19 17.27 17.41 17.27 17.82 17.75 17.36 17.06 17.27 17.84 17.62 17.85 17.57 17.64 17.56 18.57
FeaOsror 8.61 8.45 7.91 8.52 8.11 8.80 8.25 7.95 8.08 7.53 7.27 7.26 7.99 8.34 7.32 7.93 7.13 7.73 7.82 7.85 8.26
MnO 0.15 0.15 0.14 0.14 0.14 0.15 0.14 0.14 0.13 0.13 0.12 0.12 0.13 0.14 0.12 0.13 0.12 0.13 0.13 0.13 0.15
MgO 4.58 5.21 3.88 5.53 4.86 4.38 4.32 4.19 4.10 3.94 3.91 3.86 3.71 3.52 3.47 3.45 3.40 3.07 3.28 3.13 3.55
CaO 9.01 10.63 7.56 9.43 9.22 9.09 8.82 8.27 8.19 8.61 8.12 7.98 7.52 7.50 8.15 7.25 8.13 7.42 7.51 7.32 8.46
NaO 2.66 2.76 3.49 2.09 2.24 2.82 2.49 2.46 2.78 2.68 2.49 2.30 3.47 2.33 2.49 2.71 2.51 2.81 2.56 2.78 2.65
K0 6.12 6.04 6.55 5.31 5.60 5.97 5.52 6.14 5.80 5.97 7.18 7.07 4.85 6.80 6.62 5.91 7.30 5.99 5.95 6.06 7.87
P,0s 1.01 0.81 0.97 0.60 0.61 1.09 0.62 0.59 0.62 0.68 0.66 0.61 0.63 0.81 0.71 0.61 0.70 0.64 0.61 0.67 0.76
LOI 0.14 0.71 0.39 0.03 0.24 0.06 0.06 0.32 0.08 0.24 0.13 0.08 0.06 0.01 0.36 1.09 0.15 0.42 0.51 0.65 0.39
sum 99.6 100.3 99.9 99.7 99.9 99.5 99.6 99.9 99.6 99.9 99.7 99.7 99.7 99.6 100.0 100.7 99.7 100.0 100.1 100.3 99.8
Sc (ppm) 21 24 14 27 24 22 20 21 18 19 18 21 18 17 17 17 14 16 18 17 13
A% 212 219 250 202 254 183 201 185 155 188 191 202 238 219 195 206 177 228 148 157 212
Cr 100 bdl bdl 74 bdl 60 109 56 62 60 90 6 50 920 10 40 bdl 53 bdl bdl 30
Ni 46 32 20 37 30 30 47 36 40 30 47 16 40 50 18 30 28 35 bdl bdl 20
Cu 59 95 120 70 120 80 68 61 58 80 52 45 50 80 59 60 56 93 30 40 110
Zn 69 88 80 75 70 60 69 78 78 70 83 83 80 80 88 80 88 84 90 90 80
Rb 214 302 321 271 322 325 188 242 267 264 247 256 230 280 254 294 244 241 255 242 298
Sr 750 993 1089 834 1006 753 806 938 849 1014 790 839 1225 957 892 1210 834 1305 958 984 1080
Y 25 27 23 21 23 19 21 22 23 20 24 23 27 22 23 22 24 30 26 26 22
Zr 201 215 192 180 201 170 178 195 222 191 188 219 217 207 220 217 230 309 255 260 205
Nb 22 27 33 25 33 24 24 29 32 31 28 29 58 35 29 43 30 50 37 37 31
Cs 12.4 17.7 19.0 13.1 15.0 19.6 10.0 12.3 13.6 14.5 9.9 12.5 12.8 14.1 12.3 15.8 12.5 13.4 13.4 13.3 17.6
Ba 1410 2120 2187 1622 2064 1783 1985 2281 1820 2370 1400 1869 2122 2139 2006 2109 1880 2559 1577 1587 2359
La 44.6 53.2 51.8 37.5 51.7 39.8 41.3 46.5 441 50.5 41.4 44.3 86.8 52.9 46.0 61.9 44.5 84.6 57.3 57.1 52.3
Ce 93.1 108 107 77.0 106 79.8 84.1 94.2 87.8 102 83.0 89.7 171 107 93.9 118 88.2 162 113 115 106
Pr 11.3 12.8 12.4 9.23 12.3 9.29 9.83 11.0 10.1 11.7 9.69 10.5 18.5 12.3 10.9 12.7 10.2 18.5 12.8 12.9 12.4
Nd 46.7 50.1 47.6 36.0 46.7 34.7 37.3 42.0 39.9 42.8 38.6 40.3 66.8 46.7 40.8 45.6 39.9 67.6 47.0 48.6 48.2
Sm 10.3 10.5 10.0 7.2 10.0 7.0 7.5 8.5 8.1 9.1 7.9 7.9 12.5 9.7 8.0 9.0 7.8 13.0 9.0 9.2 9.4
Eu 2.53 2.65 2.30 1.80 2.34 1.71 1.88 2.17 2.02 2.16 2.07 1.93 2.98 2.19 2.01 2.08 1.98 3.09 2.20 2.30 2.45
Gd 7.9 8.2 7.4 5.7 7.6 5.2 5.9 6.7 6.1 6.8 6.6 6.1 9.3 7.6 6.2 6.4 6.2 9.7 6.8 6.7 7.3
Tb 1.1 1.1 1.0 0.8 1.1 0.7 0.8 0.9 0.9 0.9 0.9 0.8 1.2 1.0 0.8 0.8 0.9 1.3 0.9 1.0 0.9
Dy 5.2 5.2 5.0 4.1 5.2 4.0 4.2 4.4 4.3 4.5 4.6 4.3 6.0 5.0 4.3 4.4 4.3 6.2 5.2 5.2 5.0
Ho 0.9 0.9 0.9 0.7 0.9 0.7 0.7 0.7 0.8 0.8 0.8 0.8 1.0 0.9 0.7 0.8 0.8 1.0 0.9 0.9 0.9
Er 2.3 2.5 2.4 1.9 2.5 1.9 1.9 2.0 2.0 2.2 2.2 21 2.7 2.3 2.0 2.3 2.1 2.6 2.6 2.6 2.4
Tm 0.32 0.34 0.33 0.28 0.34 0.27 0.28 0.27 0.29 0.31 0.31 0.30 0.37 0.33 0.29 0.32 0.30 0.36 0.35 0.37 0.33
Yb 2.0 21 2.1 1.8 2.0 1.7 1.8 1.8 1.8 1.9 1.9 2.0 2.3 2.0 1.9 1.9 1.9 2.3 2.4 2.4 2.0
Lu 0.28 0.31 0.30 0.28 0.31 0.26 0.28 0.29 0.27 0.30 0.28 0.31 0.35 0.31 0.30 0.29 0.28 0.35 0.37 0.36 0.29
Hf 4.9 4.6 4.5 4.1 5.0 3.7 4.0 4.3 4.6 4.3 4.2 4.9 5.1 4.6 4.8 4.3 4.8 6.6 5.6 5.7 4.3
Ta 1.3 1.4 1.8 1.6 1.8 1.2 1.5 1.7 1.7 1.7 1.4 1.8 2.5 1.9 1.9 2.3 1.6 3.1 2.0 2.2 1.7
Pb bdl 36 30 23 31 30 28 34 24 29 20 30 26 30 29 40 29 33 33 31 27
Th 15.0 18.3 20.7 14.3 18.2 14.7 13.9 17.8 16.1 18.6 12.0 17.3 20.1 17.0 17.9 24.3 16.0 24.8 19.6 19.5 18.7
U 5.3 6.1 7.8 4.9 5.7 4.6 4.2 4.8 5.3 5.9 4.1 5.5 5.8 6.4 5.9 7.9 5.3 6.9 6.5 5.6 6.3
878r/%65r 0.707426 0.707861 0.707367 0.707025 0.707130 0.707513 0.707817 0.707650 0.707811 0.707120 0.707691 0.706865 0.707634 0.707771 0.707011 0.707756 0.706879
25*10°° +7 +8 +6 +6 +6 +7 +7 +7 +5 +7 +7 +6 +5 +7 +5 +6 +7
143Nd/1Nd  0.512467 0.512441 0.512486 0.512489 0.512505 0.512475 0.512454 0.512473 0.512461 0.512498 0.512455 0.512582 0.512487 0.512444 0.512504 0.512447 0.512547
25*107° +4 +5 +6 +5 +6 +5 +4 +4 +5 +5 +5 +6 +4 +4 +5 +4 +5

Note: bdl, below detection limits.
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Fig. 3. (a) K20 vs NayO diagram of Middlemost (1975) for the Mt. Somma samples and the lava of 1944 CE. (b) K5O vs. SiO, diagram (Di Girolamo, 1984) for the Mt.
Somma samples and the 1944 CE lava. The 1631-1944 volcanic products are shown. (c) TAS (Le Bas et al., 1986) and (d) R1-R2 (de la Roche et al., 1980) clas-
sification diagrams for the Mt. Somma samples and 1944 CE lava. The data used for comparison are from the following references: Avanzinelli et al. (2018); Ayuso
et al. (1998); Belkin et al. (1993); Boari et al. (2009a, 2009b); Cioni et al. (1998); D’ Antonio et al. (1999); De Astis et al. (2006); Di Renzo et al. (2007); Fedele et al.
(2008); Joron et al. (1987); Landi et al. (1999); Marianelli et al. (1999); Melluso et al. (2012, 2014, 2022); Piochi et al. (2006); Savelli (1967, 1968).

undersaturated (MSU) rocks also have a distinctly “intermediate”
character, unlike the other rocks. Their occurrence is never negligible or
even unrecorded. These simple observations provide interesting clues
for the understanding of the petrological model for the Somma-Vesuvius
volcanic complex, which justifies the presence of mafic rocks with
varying degrees of silica undersaturation. The Mt. Somma lavas have
their counterparts in the mafic products of the “Pomici di Base” pyro-
clastic eruption, which range in composition from leucite shoshonite to
trachyte (e.g., Landi et al., 1999; Melluso et al., 2022), and are therefore
part of a slightly silica undersaturated rock suite that is not comagmatic
with the rest of the Somma-Vesuvius phonolites.

6.1. Carbon dioxide: magma differentiation vs. magma genesis

In the Somma-Vesuvius magmatic system, the CO, content of the
magmas may reflect the effects of three main processes:

i) fractional crystallization of the observed phenocrysts, with a
limited (though significant) role of limestone assimilation (e.g.,
Savelli, 1968),

ii) limestone assimilation as the main process leading to the pro-
gressive increase in alkalinity and degree of silica-
undersaturation of the Somma-Vesuvius magmas (e.g., Ritt-
mann, 1933; lacono Marziano et al., 2007),

iii) the dominance of deep processes with origin of the CO mainly
from a flux within the mantle (Avanzinelli et al., 2018).

Magma-carbonate interaction is a multistep process leading to the
formation of a skarn shell, magmatic cumulates, and possibly driving
melt differentiation (e.g., Savelli, 1967). Crustal contamination of
magmas can occur through assimilation of solid material (carbonate
and/or skarn), and carbonate-derived CO, flux (Dallai et al., 2011).
Melt-carbonate interaction results in geochemical contamination of the
melt coupled with intense COy vesiculation at the melt-carbonate
interface. In contrast, melt homogenization by physical mixing and
mingling promoted by exsolving volatiles is a much slower process, due
to the low ability of silicate and carbonate melts to mix on a syn-eruptive
timescale (e.g., Deegan et al., 2010; Jolis et al., 2013; Gozzi et al., 2014).

The chemical composition of the Somma-Vesuvius magmas shifts
from the moderately silica undersaturated lavas of Monte Somma to the
highly silica undersaturated products of Vesuvius, a feature not
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Fig. 4. Chondrite-normalized REE patterns for Mt. Somma lavas and dikes and 1944 CE lava compared with Mt. Vulture, Procida, Alban Hills, Roccamonfina,
Ventotene, and Middle Latin Valley rocks (Beccaluva et al., 1991, 2002; Boari et al., 2009a, 2009b; Conticelli et al., 2009b; De Astis et al., 2006). The normalization

values are from Anders and Grevesse (1989). Prometium is interpolated.

observed in the nearby Phlegrean Fields, Procida, Ischia and the oppo-
site of what is found at Roccamonfina and the Alban Hills (e.g., Con-
ticelli et al., 2009b and references therein; Boari et al., 2009a, 2009b).
Some authors associate the increasing degree of silica undersaturation
with increasing carbonate assimilation (e.g., Freda et al., 2008; Iacono
Marziano et al., 2007; Mollo et al., 2010; Jolis et al., 2015; Carter and
Dasgupta, 2016). Interaction of the magma with basement limestone
may have resulted in the occurrence of variably silica undersaturated
rock series, starting from a single, weakly undersaturated, potassic
parental magma. The model proposed by Iacono Marziano et al. (2007)
suggests that the transition from the weakly undersaturated magmas of
Monte Somma to the progressively more undersaturated magmas of the
following periods can be achieved by carbonate assimilation (up to
15-17 %) and clinopyroxene removal (35-50 %). However, a detailed
scrutiny indicates that magma-wall rock interaction cannot involve
significant mass exchange (specifically CaO), due to the development of
a solidification front and a Ca-phases-rich skarn shell at the boundary
between the crystallizing magmas and the limestone wall rocks (e.g.,
Savelli, 1967; Del Moro et al., 2001). Carbonate decomposition may be
responsible for a more extensive mass exchange during crust-magma
interaction at the continental crustal level (e.g., Deegan et al., 2010;
Mollo et al., 2010; Carter and Dasgupta, 2016). This implies that crustal
contamination of magmas could occur through assimilation of solid
material, although carbonate and skarn may produce opposite effects on
the CO; increase within the magma, rather than crustally derived CaO-
rich melt (Di Rocco et al., 2012) and carbonate-derived CO5 flux (Dallai
etal., 2011). As shown by Mollo et al. (2010), the presence of a COy-rich
fluid phase during carbonate assimilation can significantly affect parti-
tion coefficients and the redox state of carbonated systems. However,
crustal contamination, and in particular carbonate contamination of
potassic to ultrapotassic magmas at the continental crustal level, can be

extremely difficult to be resolved from source contamination, due to the
occurrence of crustal enrichment of ultrapotassic magmas from sub-
ducted crustal rocks and sediments, either carbonate-poor or carbonate-
rich, which strongly modify the O-Sr-Nd-Pb isotopic composition of the
mantle source (e.g., Conticelli et al., 2015a, 2015b; Avanzinelli et al.,
2018, 2020; Iovine et al., 2018; Dallai et al., 2019, 2022; Chen et al.,
2021, 2023; Bragagni et al., 2022). Indeed, several papers have pointed
out that the assimilation of limestone or marl by a potassic magma at the
crustal level does not satisfy geochemical models to produce strongly
produce silica undersaturated ultrapotassic rocks, suggesting that pro-
cesses took place mainly at depth, within the mantle, but this effects
were amplified by shallow level contamination within the crust (e.g.,
Boari et al., 2009a, 2009b; Conticelli et al., 2015a, 2015b; Ren et al.,
2024).

6.2. Relationships between MSU, Latites (leucite-free rocks) and SSU
(Vesuvius-like)

Quantitative models of fractional crystallization processes using
major oxides were tested to model the full range of Mt. Somma epoch
magmas, starting with the most “primitive” compositions (Stormer and
Nicholls, 1978). The results are summarized in Supplementary Table 2.

The major oxide transition from the least to the most evolved lava
compositions of the highly silica undersaturated (SSU) rocks (samples
MRL3 to MRL97v; Vesuvius-like) was adequately modeled with a
maximum 42 % removal of clinopyroxene-rich leucite-gabbro (essexite)
solid (~51 wt% clinopyroxene, ~18 wt% plagioclase, ~20 wt% leucite,
~5 wt% magnetite, ~3 wt% olivine, and ~ 3 wt% apatite; *R?=0.180).
The tested transitions between the highly silica undersaturated rocks
(sample MRL18, SSU), the latite (sample MRL71), and mildly silica
undersaturated rocks (sample MRL39, MSU) were modeled with 35-47
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% removal of a leucite-rich extract (~46-55 wt% leucite, ~22-29 wt%
clinopyroxene, ~10-14 wt% plagioclase, ~2-3 wt% olivine, ~5-7 wt%
magnetite, and ~ 3-4 wt% apatite; SR? = 0.097-0.239). In the MSU
group, the transition from the least to the most evolved lava composi-
tions of the mildly silica undersaturated rocks (from MRL100 or MRL27
to MRL86 samples) was adequately modeled with 21-32 % removal of
similar clinopyroxene-rich leucite gabbro (essexite) solid (~43-45 wt%
clinopyroxene, ~27-38 wt% leucite, ~2-16 wt% plagioclase, ~7 wt%
olivine, ~5-8 wt% magnetite, and ~0-2 wt% apatite; *R?=0.03-0.08).
The transition from less evolved “shoshonitic’ MSU samples (i.e.,
MRL100 and MRL27) to more evolved latites (samples MRL103 and
MRL104) is obtained by 40-56 % removal of a leucite-bearing clino-
pyroxenite (~37-41 wt% clinopyroxene, ~23-33 wt% leucite, ~13-21
wt% plagioclase, ~6-9 wt% olivine, ~1-3 wt% apatite, and ~5-7 wt%
magnetite; at ¥R% = 0.12-0.18). The transition to the most evolved
latites (from sample MRL69 to sample MRL104) is compatible with a 26
% removal of a clinopyroxene- and leucite-rich gabbro (~59 wt%
plagioclase, ~25 wt% clinopyroxene, ~5 wt% leucite, ~7 wt% olivine,

and ~3 wt% magnetite; *R? = 0.20).

The reliability of the major element mass balance calculations re-
ported above is not a proof of the actual occurrence of a given process,
but it is a strong indication of the reliability of processes involving the
physical removal of phase assemblages with the chemical composition
of the observed phenocrysts in an alkaline magmatic system. The
amount of plagioclase removal in the different transitions is consistent
with Sr being a weakly incompatible element, since a typical Kq for
bytownitic/labradoritic plagioclase is close to 2 (e.g., Bedard, 2006).

6.3. Modeling the transition from leucite-bearing shoshonitic to leucite-
tephritic magmas

We have shown that the major and trace element variations of the
most primitive magmas of each group of rocks recognized within the Mt.
Somma activity cannot be produced by closed system fractional crys-
tallization processes involving mineralogical assemblages represented
by the phenocrysts (and their compositions) observed in the thin
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Table 2
Oxygen isotopes on olivines and clinopyroxenes separated from the most
representative Mt. Somma samples.

Sample Type 6180/16001 (%0) 880/ 16'Oq,x (%o0)

SSU group MRL19 Lava 7.25
MRL82 Lava 7.38

MSU group MRL59 Lava 6.51 6.47
MRL21 Lava 7.20 6.81
MRL100 Lava 6.77 7.02
MRL23 Lava 6.56 6.76
MRL24 Dyke 6.83 6.31
MRL27 Lava 6.86 6.83
MRL38 Lava 6.39 6.55
MRL37 Lava 7.04
MRL7 Lava 6.77
MRL93 Dyke 6.81
MRL48 Lava 6.99

Latite group MRL51 Lava 6.69 6.66
MRL103 Lava 7.90

sections. Petrographic (e.g., variably zoned plagioclase and clinopyr-
oxene phenocrysts, the occurrence of skarn and limestone xenoliths) and
petrochemical evidence (chemical disequilibrium between clinopyrox-
ene crystals and their host bulk-rock composition, pronounced scatter of
major and trace element concentrations, isotopic variability within ju-
venile clasts from the same eruption) seem to suggest the occurrence of
open-system fractional crystallization (e.g., Santacroce, 1987; Ayuso
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et al., 1998; Peccerillo, 2005; Piochi et al., 2006; Di Renzo et al., 2007).

Simple Assimilation and Fractional Crystallization (AFC; DePaolo,
1981) models were performed to reproduce the transition from weakly
silica undersaturated Somma-Vesuvius magmas to mildly and strongly
silica undersaturated magmas using limestone compositions as con-
taminants. Trace element and isotope modeling failed to reproduce such
a transition, even with different contaminants, such as marls and lime-
stones belonging to the Apennine chain (Fig. 8b, ¢). The close correlation
of the Mt. Somma rocks with a marl-type contamination versus a
limestone-type contamination is well illustrated by these models
(Fig. 8b, c).

The very low incompatible element concentrations of the limestones
(e.g., Rb ~2-4 ppm, Zr <26 ppm, La ~15 ppm, Nd ~10 ppm, Eu ~0.38
ppm, Tb ~0.9 ppm, Th <3 ppm, e.g., Zhang et al., 2017; Rosatelli et al.,
2023) would result in a significant decrease in the incompatible element
concentrations of the “hybridized” strongly silica undersaturated
magma, which is contro-balanced by fractional crystallization.

However, the moderate variability of the Sr—Nd isotope ratios is
consistent with the interaction of Somma-Vesuvius magmas with wall
rock compositions that do not exhibit markedly different isotopic values,
as in the case of typical Mesozoic limestones/dolostones of the Apennine
chain (¥7Sr/%%Sr ~ 0.707-0.709 and '**Nd/***Nd ~ 0.512; Del Moro
et al., 2001; Melluso et al., 2003; Fulignati et al., 2005; Piochi et al.,
2006; Conticelli et al., 2009a, 2009b; Boari et al., 2009b; Rosatelli et al.,
2023), which is one of the rock types in the basement beneath the
Somma-Vesuvius area (e.g., Santacroce, 1987; Brocchini et al., 2001).
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In summary, the above evidence and modeling indicate that the
process of limestone assimilation was active throughout the magmatic
evolution of the Somma-Vesuvius complex, but it is not able to justify
the observed temporal increase in the degree of alkalinity and silica
undersaturation of these magmas, also considering the variations of
5'%0 in the Mt. Somma (and Vesuvius) magmas and the isotopic dif-
ferences between ultrapotassic alkaline magmas and sedimentary
limestones/dolostones or marlstones (e.g., Dallai et al., 2019; Fan et al.,
2021; Rosatelli et al., 2023).

6.4. The mantle sources of the Somma-Vesuvius magmatism in the
southern part of the Roman Magmatic Province

It is widely accepted that the primary magmas of the RMP were
generated by partial melting of a mantle source recently enriched in
potassium and related elements by subduction processes involving
continental crustal material (e.g., Beccaluva et al., 1991; Conticelli and
Peccerillo, 1992; Peccerillo, 1998, 2017; Conticelli et al., 2002, 2011,
2015a; Avanzinelli et al., 2008, 2009; Mazzeo et al., 2014; Iovine et al.,
2018; Casalini et al., 2019). The relative roles of subducted sedimentary
material in a variably enriched lithospheric upper mantle and shallow
crustal contamination en route to the surface are still debated. The
typical LILE and Pb enrichments and the troughs at Nb, Ta, and Ti
observed in the most primitive mantle-normalized diagrams for the Mt.
Somma ones are shared with other Roman volcanic rocks, although the
Mt. Somma volcanic rocks have intermediate characteristics between
leucite-bearing volcanic rocks of the Latian district and those of Mt.
Vulture (e.g., Avanzinelli et al., 2009; Conticelli et al., 2015a, 2015b).
The mafic terms of the Somma-Vesuvius and other volcanoes of the
Campanian Plain have lower HFSE fractionation than Th, U and LILE
compared to the leucite-bearing mafic magmas of the Latian districts of
the Roman Province (e.g., Beccaluva et al., 1991; Ayuso et al., 1998;
D’Antonio et al., 1999; Peccerillo, 2001; Di Renzo et al., 2007; Avan-
zinelli et al., 2008, 2009; Conticelli et al., 2009a; Mazzeo et al., 2014).

It has long been known that the extent of the Eu troughs in the REE
chondrite normalized diagrams of the mafic ultrapotassic, leucite-
bearing rocks of the RMP is a feature largely inherited from an anom-
alous mantle source, rather than due to low-pressure removal of calcic
plagioclase (e.g., Rogers et al., 1985); the Mt. Somma lavas (and the
Vesuvius analogues) are no exception. The source of the RMP rocks has
marked affinities with sedimentary rocks (pelites with carbonates/
marls), and indeed the addition of pelitic sedimentary rocks (or melts
derived from them) in a peridotite matrix could be one of the causes of
the geochemical patterns of the RMP and hence of Somma-Vesuvius. To
test this hypothesis, we have used a comprehensive data set of the Italian
volcanic rocks south of the Alban Hills, together with the composition of
typical Atlantic and Tyrrhenian Sea MORBs, within plate basalts, and
sedimentary rocks of closed areas, thought to be representative of the
subducted material potentially downdragged during the Cenozoic
collisional events of this area of the Apennine chain. The Nb/Yb vs. Th/
Yb and Nb vs. Nb/U plots point out significant differences between the
regional geochemistry of MORB and within-plate mafic rocks, and that
of Mt. Somma and the other volcanic rocks of the southern RMP (Fig. 5a,
b). The shift to high Th/Yb and lower Nb/U compared to the MORB-
WPB array indicates a differential enrichment in Th and U, at different
Nb concentrations, which may be related to the degree of “within-plate”
enrichment. The latter indicates the effect of fractional crystallization,
but also the degree of HFSE enrichment in the mantle source, which is
highest for alkaline WPB around the RMP, such as Pietre Nere, Capo
Passero (Avanzinelli et al., 2012; Mazzeo et al., 2018), Cretaceous
within-plate lamprophyres of the Apennine chain (Stoppa et al., 2014),
and other within plate potassic or sodic provinces (such as Madagascar,
Virunga, and southeastern Brazil; cf. Guarino et al., 2013; Minissale
et al., 2022). The mafic rocks of Ischia, Procida, Phlegrean Fields, and
Somma-Vesuvius, although having a markedly distinct composition, are
also different from the rocks of the potassic-ultrapotassic volcanic rocks
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from Roccamonfina to the Alban Hills. There is another interesting
aspect related to the different genesis and geochemistry of the Pre-
Miocene Apennine magmatism and the post-Miocene magmatism of
the Tyrrhenian Sea margin, which implies that the K-enrichment of the
sources is recent and not related to an older (i.e., Hercynian, Late
Paleozoic) collisional event (e.g., Gaeta et al., 2016), where also potassic
silica-undersaturated magmatism is exceedingly rare. The La/Nb vs. Ba/
Nb and Layn/Yby vs. Ba/Nb plots highlight that the mafic rocks of the
Campanian district plot differently from the rest of the RMP rocks, being
displaced at higher Ba/Nb for a given La/Nb (Fig. 5c, d). The shift almost
disappears when the REE fractionation is considered, with only the
composition of MORB and WPB being significantly different.

The Zr/Nb vs. Nb/U and Zr/Nb vs. Th/U plots also highlight peculiar
aspects of the selective elemental enrichment of the Italian volcanic
rocks (Fig. Se, f): the displacement of the potassic-ultrapotassic rocks
from the MORB-WPB trend is the largest at high Zr/Hf, with the largest
U enrichment found in the Alban Hills, Roccamonfina and Middle Latin
Valley, and the markedly higher Th/U ratios of the Roccamonfina, Alban
Hills and Middle Latin Valley rocks compared to those of the Campanian
volcanoes, including Somma-Vesuvius. The type of sediment addition
provides evidence that adding bulk compositions of the sedimentary
rocks (e.g., Klaver et al., 2015; Balassone et al., 2016; Zhang et al., 2017;
Woelki et al., 2018) are not in the highest Ba/Nb and La/Nb field of the
diagrams and thus do not fully reproduce the trend, suggesting that
sediment-derived fluids and melts, rather than direct sediment addition,
were the components that metasomatized the mantle source and
imparted the potassic/ultrapotassic signature to the magmas. Compared
to other silica-undersaturated ultrapotassic magmas of the Latian dis-
trict, those of Somma-Vesuvius and those of the other Neapolitan vol-
canoes have significantly lower 7Sr/%6Sr, and higher **Nd/***Nd and
206pp,/204ph (e.g., Conticelli et al., 2002, 2007, 2010, 2015a and refer-
ences therein; Di Renzo et al., 2007). In turn, the peculiar composition of
the radiogenic isotope systematics is again attributed to the recycling of
carbonate-bearing crustal materials (e.g., Avanzinelli et al., 2009; Con-
ticelli et al., 2010, 2015a, 2015b). The involvement of such materials
has been demonstrated by cross-checking different geochemical tools.
The evidence provided by U-series and non-traditional stable isotopes
(Mo and U) suggests that although limestone assimilation could poten-
tially occur and influence major element concentrations, the same pro-
cess is not able to significantly affect the isotopic composition and the
elemental abundances of Vesuvius rocks (Avanzinelli et al., 2018;
Casalini et al., 2019). On the other hand, partial melting experiments on
carbonate-rich sediments at subarc conditions (P-T) may indicate that
the stabilization of phases, such as epidote, influences the geochemical
budget of the mantle source and, consequently, of subduction-derived
products (e.g., Skora et al., 2015). In the case of Somma-Vesuvius, the
presence of residual epidote during the partial melting of subducted Ca-
rich sediments could explain the formation of magmas enriched in U
over Th (but also in the relative proportions of other trace elements, such
as Ce and Mo) and with the typical signature of both radiogenic and
stable isotopes (i.e., 238y.excess, 528U, §78Mo; Avanzinelli et al., 2018;
Casalini et al., 2019). In this context, the lithological control of the
metasediments involved in the ultimate petrogenesis of the magmas in
the southern part of the RMP is an important parameter to consider.

The geochemical and isotopic comparison of the Mt. Somma lavas
with the mafic products of the neighboring volcanoes (the Solchiaro
basalts of Procida, the Grotta di Terra dyke and Arso lava, and the Zaro
mafic inclusions of Ischia) is reported in the Figs. 4, 6 and 7. Two main
aspects are there highlighted: (1) the imprint of crustal materials in the
mantle source of the Ischian and Phlegrean magmas is much less pro-
nounced than in the source of the Mt. Somma magmas; (2) the mantle
sources of the Campanian volcanic district are to be considered isoto-
pically and geochemically heterogeneous and only generally the result
of the same petrogenetic processes in a post-collisional tectonic setting.
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7. Conclusions

The Mt. Somma stratovolcano, which represent the first stage of the
Somma-Vesuvius volcanic complex, is characterized dominantly by
lavas of leucite-bearing to shoshonite compositions, although signifi-
cantly less silica undersaturated than the recent Vesuvius (s.s.) Great
Cone volcanic rocks at the same level of differentiation. The Mt. Somma
volcanic rocks are generally characterized by a differentiated composi-
tion. Petrographic differences observed in the different magma groups
are not reflected in the geochemistry and Sr-Nd-O isotopic compositions,
which overlap. Crustal contamination en route to the surface, in
particular interaction with the carbonate lithologies beneath Somma-
Vesuvius, is shown to be widespread in the skarn xenoliths occurring
in the Vesuvius (s.s.) volcanic rocks, but the subduction-related trace
element signature of the Mt. Somma lavas (as well as the younger
Vesuvius lavas) argues for a dominant role of deep sedimentary
contamination in the mantle source prior to partial melting. This is a
geologically recent feature acquired in a moderately enriched mantle
source, more limited in extent when compared to the strongly sediment-
modified mantle in the Latian districts (Northern Roman Magmatic
Province). The leucite-bearing Mt. Somma lavas have very little in
common with the rocks belonging to the neighboring volcanic areas
(Ischia, Procida and Phlegrean Fields), confirming once again the
geochemical characteristics of independent feeding systems, liquid lines
of descent and periods of activity.

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.chemer.2023.126076.
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