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Abstract This study presents new and revised data sets about the spatial distribution of past volcanic
vents, eruptive fissures, and regional/local structures of the Somma-Vesuvio volcanic system (Italy). The
innovative features of the study are the identification and quantification of important sources of uncertainty
affecting interpretations of the data sets. In this regard, the spatial uncertainty of each feature is modeled by
an uncertainty area, i.e., a geometric element typically represented by a polygon drawn around points or
lines. The new data sets have been assembled as an updatable geodatabase that integrates and
complements existing databases for Somma-Vesuvio. The data are organized into 4 data sets and stored as
11 feature classes (points and lines for feature locations and polygons for the associated uncertainty areas),
totaling more than 1700 elements. More specifically, volcanic vent and eruptive fissure elements are
subdivided into feature classes according to their associated eruptive styles: (i) Plinian and sub-Plinian
eruptions (i.e., large- or medium-scale explosive activity); (ii) violent Strombolian and continuous ash
emission eruptions (i.e., small-scale explosive activity); and (iii) effusive eruptions (including eruptions from
both parasitic vents and eruptive fissures). Regional and local structures (i.e., deep faults) are represented as
linear feature classes. To support interpretation of the eruption data, additional data sets are provided for
Somma-Vesuvio geological units and caldera morphological features. In the companion paper, the data
presented here, and the associated uncertainties, are used to develop a first vent opening probability map for
the Somma-Vesuvio caldera, with specific attention focused on large or medium explosive events.

1. Introduction

Somma-Vesuvio (SV) is one of the most dangerous volcanoes in the world. Its surroundings are very densely
inhabited with more than 600,000 people living within 6 km of the present crater, on top of Gran Cono.
Moreover, SV eruptive styles are significantly variable, ranging from relatively gentle lava effusions to
devastating Plinian eruptions [Cioni et al., 2008].

In the last few decades, many studies have been carried out on SV with a variety of aims such as reconstruct-
ing and classifying its eruptive history [e.g., Principe et al., 2004; Cioni et al., 2008], characterizing the composi-
tion of its eruptive products [Santacroce et al., 2008, and references therein], describing the distributions of
geological and morphological features [Santacroce and Sbrana, 2003; Ventura et al., 2005; Vilardo et al.,
2009; Gurioli et al., 2010; Principe et al., 2013], and recording activity from geophysical and geochemical
monitoring [Vilardo et al., 1996; Scarpa et al., 2002; Aiuppa et al., 2004; Federico et al., 2004; Frondini et al.,
2004; De Natale et al., 2006; Cella et al., 2007; De Siena et al., 2009; Granieri et al., 2013].

The work presented here complements available volcanological information with new and revised data sets
and with elaborations that address specifically the locations of the vents of past eruptions and eruptive
fissures, as well as other structural features. The reconstruction of previous activity of SV highlights the signif-
icant past variability in vent locations of both explosive [Cioni et al., 2008, and references therein] and effusive
[Nazzaro, 1997; Ricciardi, 2009] activities. Such variability had a notable influence on the distribution of erup-
tive products around the volcano, particularly those associated with the emplacement of pyroclastic density
currents. Clear evidence for the influence of spatial source effects is found in the mapped deposits [Gurioli
et al., 2010] and shown as well by outcomes of 3-D simulations of column-collapse scenarios at SV [Esposti
Ongaro et al., 2008a, 2008b].
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A key feature of the present study is the inclusion of information about the uncertainties affecting the data
sets. Particular attention is given to the definition of the spatial uncertainties associated with the locations
of vents and fissures. Such uncertainties can be substantial for the oldest and bigger explosive events, given
the largely incomplete reconstruction of volcanic deposits (particularly in the most proximal localities and in
distal areas) and to the uncertainty related to possible shifts of vent location during a single event. In some
cases, uncertainty bounds for specific features were also estimated by critically comparing and integrating
data derived from different sources (for instance, for the location of effusive vents) or by accounting for
the accuracy of the methods used to obtain them (in the case of structural data). A similar approach was
followed by Bevilacqua et al. [2015] for the characterization of the uncertainty of past vent locations and
structural features at Campi Flegrei caldera (Italy).

The new data sets are organized into an updatable geodatabase adopting a geographically referenced
framework. The database utilizes geographic information system (GIS) methodology based on the
Environmental Systems Research Institute platform [Mitchell, 1999] for data storage and representation,
although the data sets are also readable with different GIS platforms. This new database integrates and com-
plements existing databases of SV, such as that of Vilardo et al. [2009] that includes, on a webGlIS platform,
geographical, territorial, morphological, and geophysical data (raster and vector), as well as seismicity
catalogues (http://ipf.ov.ingv.it/siscam.html).

The quantification of the different sources of uncertainty affecting the data sets is a crucial step for volcano-
logical studies, particularly for those aimed at the assessment of volcanic hazard and risk mitigation. A first
application of the new data sets presented here is described by Tadini et al. [2017], where a vent opening
probability map for SV has been produced for the first time with specific reference to the occurrence of large
or medium explosive events.

In the following sections a summary of the tectonic setting and eruptive history of SV is given (section 2),
followed by a brief technical description of the geodatabase (section 3), a description of the main sources of
uncertainty and their quantification (section 4) and the presentation of the new and revised data sets
(section 5). Finally, section 6 briefly concludes with a few remarks about potential uses and applica-
tions of the new geodatabase.

2. Geological Setting of Somma-Vesuvio
2.1. Tectonic Setting

The SV volcanic complex lies in the Campanian plain (Figure 1a), a structural depression of Plio-Quaternary
age filled with marine, continental, and volcanic sediments of early Pleistocene-Holocene age [e.g.,
Santangelo et al., 2010, and references therein].

Crustal thickness varies between 25 km in the Phlegrean Fields area and 35 km in the SV area [Locardi and
Nicolich, 1988; Ferrucci et al., 1989]. Gravimetric data [Finetti and Morelli, 1974; Berrino et al., 1998] suggest that
in the Vesuvian area the sedimentary basement is about 11 km thick, with the top at a depth of 2 km, as also
confirmed by the results of the geothermal drilling Trecase 1, on the southern lower slopes of the volcano
[Cassano and La Torre, 19871.

Tectonic structures affecting the Campanian plain consist of NW-SE/NNW-SSE and NNE-SSW/NE-SW trending
faults with normal to sinistral movements for the NW-SE trending faults and normal to dextral for the NE-SW
trending structures (Figure 1b), in agreement with the NNE-SSW orientation of the oymin axis of the regional
stress field [Hippolyte et al., 1994; Bianco et al., 1998]. The regional stress field which developed the above-
mentioned normal to strike-slip faults was active during early Pleistocene, with an ENE-WSW direction of
compression [Hippolyte et al., 1994]. The same authors indicate a present, regional Oymin With an NE-SW strike:
these data are furthermore confirmed by a single analysis (Figure 1a) from World Stress Map Data [Heidbach
et al., 2008], which indicate an N76° strike for oymin. E-W faults with normal component of movement are also
recognized in the area of the SV caldera [Bianco et al., 1998].

Movements of faults in the SV area are mostly related to the regional stress field, although a local stress field
(ESE-WNW trending opmin) has been demonstrated for second-order movements of faults [Bianco et al.,
1998]. Shear wave splitting analysis performed at SV revealed that NW-SE discontinuities (faults and fractures)
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Figure 1. Morphostructural sketch and geological units of the Somma-Vesuvio (SV) region. (a) Morphostructural sketch of southern Italy and Campanian plain with
the most important tectonic features highlighted and World Stress Map data [Bianco et al., 1998; Heidbach et al., 2008]; (b) geological units of SV volcanic complex
[Santacroce and Sbrana, 2003]. SV caldera (outlined in dark orange dashed line) and caldera sectors are defined in subsection 5.1.
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might extend down to at least 6 km depth and may thus represent the main group of structural discontinu-
ities that affect the volcano [Bianco et al., 1998].

The asymmetric shape of the western slope of SV has been interpreted by Ventura et al. [1999] and Milia et al.
[2007, 2012] to be the consequence of several flank failures that occurred in association with major Plinian
eruptions. Such failures could have eventually modified the shallow plumbing system of SV, inducing the
shift from prevalent effusive activity of Mount Somma to a more explosive nature, starting about 22 ka
ago with the oldest Plinian eruption of SV (“Pomici di Base” Plinian eruption) [Ventura et al., 1999].
However, recent stratigraphic data from a borehole drilled SW of the SV volcanic edifice [Di Renzo et al.,
2007] exclude the presence of debris avalanche deposits related to flank collapses, at least in the last
20 ka, while Sulpizio et al. [2008] rebutted the interpretations of Ventura et al. [1999] and Milia et al. [2007]
on the grounds of stratigraphic inconsistencies between the suggested age of collapses and the primary
deposits still present within the inferred collapsed area.

2.2. Eruptive History

The SV is a composite volcano with an old edifice (Mount Somma) dissected by multiple summit caldera
collapses [Cioni et al., 1999]. A stratocone grew discontinuously inside the summit caldera after the A.D. 79
Pompeii Plinian eruption, and the present cone (Vesuvio or Gran Cono) is related to the activity after the A.
D. 1631 sub-Plinian | eruption. SV activity has been reconstructed in several papers, including Cioni et al.
[2008], who also suggested the classification scheme used in the following discussion.

The present edifice of SV started to be formed after the Campanian Ignimbrite eruption of Campi Flegrei
(39 ka B.P.) and continued up to A.D. 1944, with periods of quiescence alternating with periods of intense
explosive and effusive activity. The eruption of 1944 marked the transition from an “open conduit” condi-
tion, which characterized the activity of SV in the period 1631-1944, to an obstructed conduit state.
Recent tomographic investigations of the SV substratum [Auger et al., 2001; luliano et al., 2002; Scarpa
et al, 2002; Zollo et al., 2002; Del Pezzo et al., 2006] indicate that (a) evidence exists for a high-velocity
anomaly below the crater area; (b) a large magma body (volume bigger than 0.1-0.2 km®) within the shal-
lowest 8 km of depth can be discounted; and (c) a regionally wide magma reservoir at a depth of 8-10 km
is suggested.

Mount Somma activity (from 39 up to 22 ka B.P.) has been prevalently effusive, producing a thick lava pile
interbedded with spatter and cinder deposits (Figure 1b). Conversely, starting from the Pomici di Base erup-
tion (22 ka B.P.; Figure 1b), at least four high-magnitude Plinian eruptions occurred (i.e.,, Pomici di Base,
Mercato, Avellino, and Pompeii), interspersed by three major sub-Plinian | eruptions (Greenish Pumices, A.
D.472 Pollena and A.D. 1631), three minor sub-Plinian Il eruptions (AP1, AP2, and A.D. 512), and several minor
events, characterized by a quite large range of magnitudes and intensities, falling in the categories of violent
Strombolian and continuous ash emission eruptions (see Cioni et al. [2008] for further details).

Plinian eruptions at SV approximately range in magnitude between 1 and 5 km® of deposits and in intensity
between 107 and 102 kg/s. They are characterized by widely dispersed fallout tephra sheets (up to 2000 km?
covered by 10 cm of deposit) [Cioni et al., 2008] and large thicknesses (up to 35 m) of pyroclastic density
current (PDC) deposits dispersed up to a maximum distance of about 15 km [Gurioli et al., 2010]. Each of
the four Plinian eruptions resulted in a caldera collapse that contributed to the present asymmetric shape
of the SV polyphased caldera [Cioni et al., 1999].

Sub-Plinian | eruptions approximately range in magnitude between 0.1 and 1 km?, with intensities of 107 kg/s
as order of magnitude. Similar in character to Plinian eruptions, they have dispersed tephra fallout sheets (up
to 1000 km? covered by 10 cm of deposit) and thick PDC deposits (up to 20 m), spread up to a maximum
distance of about 8-10 km from the vent [Gurioli et al., 2010]. Plinian and sub-Plinian | PDC deposits crop
out in the different sectors of the edifice and its apron (Figure 1b), showing variable dependence on preex-
isting topography [Santacroce and Sbrana, 2003]. Only the PDC deposits of the 1631 sub-Plinian | eruption do
not crop out along the northern sector of Mt. Somma.

Sub-Plinian Il eruptions (AP1, AP2, and A.D. 512) range in magnitude between 1072 and 10" km? and in
intensity between 10° and 107 kg/s [Andronico and Cioni, 2002; Cioni et al., 2011]. Relatively small tephra
sheets (less than 400 km? covered by 10 cm of deposit) and very minor PDC beds dispersed within 2-3 km
from the vent represent the deposits from these eruptions.
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Table 1. Mean Values of the Age, Volume, and Intensity as Estimated for Plinian (Pl), Sub-Plinian (Spl1 and Spl2), and Violent Strombolian (VS) to Continuos Ash
Emission (AE) Eruptions (From Cioni et al. [2008])?

Caldera Sector

Eruption Type Age Volume (Deposit, km?) Intensity (kg/s) A B C D
Pomici di Base Pl 22.0 ka B.P. 4.40 25x% 107 34.1% 9.7% 5.0% 51.2%
Greenish Pumices Splt 19.2 ka B.P. 0.50 1.7 x 107 32.2% 22.6% 0% 45.2%
Mercato Pl 8.8 ka B.P. 1.83 28x 107 50.5% 20.0% 18.5% 11.0%
Avellino Pl 4.3 ka B.P. 0.41 1.1 %x 108 0% 0% 0% 100%
AP1 Spl2 3.2 ka B.P. 0.147 - 0% 0% 0% 100%
AP2 Spl2 3.0 ka B.P. 0.143 1.0 x 107 0% 0% 0% 100%
AP3 AE 2.7 ka B.P. 0.15 3.0 x 10° 100% 0% 0% 0%
AP4 VS-AE ? 0.122 - 100% 0% 0% 0%
AP5 VS-AE ? 0.084 - 100% 0% 0% 0%
Pompeii PI AD.79 1.05 1.1 x 108 39.6% 25.4% 27.1% 7.9%
S. Maria cycle VS-AE A.D. 172-AD. 305 0.15 - 100% 0% 0% 0%
Pollena Spl AD. 472 0.42 20x107 36.4% 47.2% 0% 16.4%
AD.512 Spl2 AD.512 0.09 2.0x10° 100% 0% 0% 0%
AS2 VS AD. 547 0.04 4,0 x 10° 100% 0% 0% 0%
AS3 VS AD. 707 0.12 - 100% 0% 0% 0%
AS4 VS AD. 857 0.01 - 100% 0% 0% 0%
AD. 1631 Spl1 AD. 1631 0.46 47 %107 100% 0% 0% 0%
A.D. 1682 VS A.D. 1682 0.0056 8.0x 10° 100% 0% 0% 0%
AD. 1707 VS AD. 1707 0.0013 6.0 x 10° 100% 0% 0% 0%
AD. 1723 VS AD. 1723 0.008 20x10* 100% 0% 0% 0%
A.D. 1730 VS A.D. 1730 0.0012 38x10° 100% 0% 0% 0%
AD. 1779 VS AD. 1779 0.0061 34x10° 100% 0% 0% 0%
A.D. 1822 VS A.D. 1822 0.038 3.8 x 10° 100% 0% 0% 0%
A.D. 1906 VS A.D. 1906 0.071 2.8 x10° 100% 0% 0% 0%
AD. 1944 VS AD. 1944 0.066 9.5x 10° 100% 0% 0% 0%

#Values in the “Caldera Sector” column refer to the percentage of the vent location uncertainty areas (see the definition in section 4) for each eruption that
belongs to each of the caldera sectors defined in Figure 1.

Violent Strombolian (VS) eruptions, with approximate magnitudes of 1073 to 1072 km? and intensities of 10°
to 10° kg/s, are associated with lapilli and ash fallout deposition and minor avalanching of hot materials,
mainly confined to the slopes of the cone (e.g., 1822 and 1944 eruptions). Continuous ash emission (AE) erup-
tions (e.g., AP3, AP4, and APS5, several events of Middle Age activity, 1794, and 1660)—with magnitudes up to
102 km? and intensities <10° kg/s—resulted in the deposition of sequences (from few centimeters up to sev-
eral decimeters thick) of ash deposits interlayered with minor lapilli beds. The most important feature of this
latter type of activity is its prolonged duration (from weeks to months) (details in Cioni et al. [2008] and
Barsotti et al. [2015]).

Cioni et al. [2008] discussed in detail the temporal evolution of volcanic activity at SV, by estimating the main
physical parameters related to a large set of past eruptions (see Figure 3 from this paper and Table 1 from
Cioni et al. [2008]). Age, erupted volume, and intensity of Plinian, sub-Plinian, and violent Strombolian to con-
tinuous ash emission eruptions have been summarized in Table 1, and the vent location uncertainty area of
each eruption defined in this paper (see section 4) has been associated with the different caldera sectors (see
Figure 1 and section 3 for sector definition). As a general observation, the time span between two successive
Plinian eruptions (i.e., inter-Plinian periods) decreased with time; conversely (based on the available data,
which might suffer some under-reporting of lower magnitude eruptions), activity became more and more
frequent starting from at least about 4 ka (following the Avellino Pumice eruption), while generally decreas-
ing in intensity [Cioni et al., 2008]. Vent positions are mostly concentrated in three of four caldera sectors
(Sectors A, B and D; see Figure 1b), without any clear trend of a shift in vent positions with time. Whereas
the vent position of the four Plinian eruptions invariably changed from one Plinian eruption to the next, a
few sub-Plinian eruptions possibly may have shared the same vent position as the immediately preceding
Plinian event (e.g., AP1 and AP2 eruptions issued from the same vent area as the Avellino Pumice eruption;
the AD. 512 and A.D. 1631 eruptions were from the same vent area as the Pompeii Pumice). Finally, only
low-magnitude (and low-intensity) eruptions issued from vents outside the present caldera.

TADINI ET AL.

A GEODATABASE FOR SOMMA-VESUVIO 4340



@AG U Journal of Geophysical Research: Solid Earth 10.1002/2016JB013858

= J Somma"u‘esuvio.gdb Effusive activity at SV, except for the
P @ .&_Geomap_CaIderaInfo Mount Somma lavas, apparently has
= . een mos imited to the las
=) b tly limited to the last
—_1 S"J_CalderaOutlme 1000 years of activity, following the
Ed] SV _CalderaSectors eruption of A.D. 472 [Arrighi et al., 2001;
= | . . ioni et al., ; Scandone et al., .
Ed] SV_GeologicalUnits Cioni et al., 2008; Scand , 2008]
r - usive activity could have occurred also
- . . Effusi ivity could h dal
= %] B__LargeMedlum_exploswe during other inter-Plinian periods,
_j Ve nt_Positions confined to the progressively enlarged
VentPositions Uncertainty and deepened caldera structure. During
' - the period of semipersistent activity
. h iod of N -
- Lﬁ] Crsmall_eprﬂ"-"e between 1639 and 1944, a total of 99
] WentPositions_134CraterRim eruptions occurred (sometimes predo-

minantly effusive but very often accom-
- panied with Strombolian to violent

El] VentsUnkn own_Prefvelling Strombolian activity), each separated by
%} D Effusive an average quiescence of 3-4 years, but
R none exceeding 7 years [Arrighi et al.,
2001; Scandone et al., 2008]. Other peri-

VentPositions_GranCono

“r| Eruptive_Fissures

(5] El’uptiVEFiSSUVES_Uf'ICEI’taint}" ods of mild Strombolian to effusive activ-
_J Parasitic_Vents ity occurred between the Pompeii
= . ; Plinian eruption and the A.D. 472
!-1 Parasutlcvents_Uncertamty sub-Plinian | eruption (S. Maria cycle
= @ E_DeepFauIts [Principe et al. [2004]) and discontinu-
j Deep_FauIts ously after the A.D. 512 sub-Plinian Il

eruption up to A.D. 1139 [Cioni et al.,

Dee P Fau ItS—U ncertal nt}" 2008; Scandone et al., 2008].

Legend For a complete review of the com-

positional features of SV volcanic pro-

- Point feature class du.cts, which is beyond the scope of
— this study, see Santacroce et al. [2008,

and references therein].

Linear feature class

&

. 3. The Geodatabase and
] Polygonal feature class Its Properties

S —

For the development of the geodata-

. base presented here, we have adopted
Figure 2. Structure of the SV geodatabase. Data set contents are he ArcGIS 10.1° datab lath
described and discussed in section 5 of the main text. The geodatabase t. € r.c i : gfeo atabase platform
is available in this format in Data Set S1. since it is a repository that offers effi-

cient storage and logical organization
of spatial data.

The geodatabase of SV contains more than 1700 elements stored in 11 feature classes (point, linear, and poly-
gonal) and grouped as four main data sets dealing with volcanological (vent position and related uncertainty)
and structural information. Polygonal feature classes represent the spatial uncertainty areas of the related
data, which are represented through point or linear feature classes. An additional data set stores information
about geological mapping (one feature class) and caldera structure (two feature classes). In total, the geoda-
tabase (Figure 2) therefore comprises 14 feature classes grouped in 5 data sets, as follows: (i) geological map-
ping and caldera information (see subsection 5.1); this data set records the spatial distribution of volcanic
products as displayed in the latest geological map of SV [Santacroce and Sbrana, 2003] along with geomor-
phological data about the SV caldera outline and SV caldera sectors; (ii) a data set recording the spatial dis-
tribution of vents associated with large- or medium-scale explosive activity (i.e., Plinian and sub-Plinian |
and Il eruptions, see subsection 5.2); (iii) a data set recording the spatial distribution of vents associated
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with small-scale explosive activity (i.e., violent Strombolian to continuous ash emission eruptions, see sub
section 5.3); (iv) a data set recording the spatial distribution of volcanic features associated with effusive
activity (i.e,, parasitic vents and eruptive fissures, see subsection 5.4) and subdivided into parasitic vent
and eruptive fissure subdata sets; (v) and a data set containing spatial information on regional/local
structures and locations of deep faults (see subsection 5.5).

All the data presented in the following sections have been imported into the geodatabase and geocoded to
WGS84 UTM ZONE 33 coordinate system. A 10 m cell size digital elevation model [Tarquini et al., 2007] is used
as the reference topographic base for data set visualizations.

4. Uncertainty Description and Quantification

The design of the new geodatabase is based on the assimilation of vector data, organized so that it can be
queried. The vector data are obtained by transforming—into digital format—information from bibliographic
sources, direct measurements, and field surveys. As several sources of uncertainty can affect the final quality
of data, evaluating their accuracy (in our case, the uncertainty in feature locations) is not straightforward.
Sources of errors and uncertainties can be due to many factors, including the intrinsic variability of any nat-
ural process and others that are related to data operations (e.g., data acquisition during field work, instrumen-
tal precision, and transformation of analogue data to digital).

In many hazard assessment studies, these factors are differentiated into two classes of uncertainty: epistemic
(i.e., knowledge-related, potentially reducible by acquiring more or better information) and aleatoric (inher-
ent randomness, also called physical variability). While both types are relevant to event forecasting [see, for
example, Aspinall, 2006; Bevilacqua, 2016; Bevilacqua et al., 2015, 2016; Marzocchi and Bebbington, 2012; Neri
et al., 2008, 2015; Sparks and Aspinall, 2004; Woo, 1999], their numerical treatments differ within a probabil-
istic analysis, and definitions and attributions need care.

A full discussion of these issues is beyond the scope of this study, which instead focuses on the quantitative
representation of the uncertainty related to our knowledge of vent location of past events and of the main
structural features possibly controlling vent opening. Such sources of uncertainty can be significant and, as
mentioned above, ideally should be properly accounted for [e.g., Matthies, 2007].

In our specific case study, uncertainty can arise due to possible ambiguity in field observations, measure-
ments or other data errors, and from paucity or lack of empirical elements that help to constrain the recon-
struction of precise positions of volcanological and structural features. For instance, when dealing with vent
locations, the position of a past vent is typically inferred by reconstructing the spatial patterns of different
deposits (fallout isopachs, distribution of pyroclastic density current deposits, venting area of lava flows,
etc.). However, as is evident, isopach reconstruction introduces a subjective degree of interpretation (and
thus an uncertainty) that generally decreases with the number of suitable outcrops where thickness of prox-
imal fall deposits can be measured [Engwell et al., 2015]. Added to this, an absence of very proximal outcrops,
close to an originating vent, precludes the vent area from being precisely delineated, further increasing the
uncertainty. In consequence, uncertainties are greater for older eruptions where such diagnostic deposits
have been eroded, partially covered by younger deposits or affected by recent urbanization (particularly
dense in the Somma-Vesuvio area), or where the area close to the vent has been deeply modified by
subsequent volcanic activity.

In relation to vent areas, and especially for Plinian events, the temporal evolution of the process was also
accounted for. In these cases, intrinsic complexities of the dynamics of the eruption, such as possible vent
migration during the event, or the simultaneous activity of multiple vents or eruptive fissures produced by
caldera collapse, can significantly enlarge such areas of uncertainty. Given the inevitable uncertainties in rela-
tion to past events, it is very difficult, if not impossible, to distinguish between physical variability and spatial
uncertainty, so these have had to be considered jointly in our assessment of uncertainty of vent location, as
described in the following sections.

Besides these sources of uncertainty, for some of the data sets, we have also considered other uncertainties
which are related to possible misinterpretation of available data (e.g., uncertainties in the location of pre-
sumed effusive parasitic vents) or resolution limits of field data (e.g., uncertainty in the location of deep faults
or of buried parasitic vents, when position is determined from interpretation of seismic reflection profiles).
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The uncertainty areas, built around the features, are drawn differently according to feature geometry. The
sizes and shapes of uncertainty areas were defined on the basis from the available data and specific knowl-
edge of the SV complex. As is discussed in more detail in the companion paper [Tadini et al., 2017], it is
assumed that such uncertainty areas enclose 100% probability of feature location and that for the sake of
simplicity, such probability is uniformly distributed over the uncertainty area. In general, in the case of a point
feature, the uncertainty area is proscribed as a circle or a polygon centered on the feature itself, with a radius
representing the spatial uncertainty associated with the point position. For linear features, in contrast, the
uncertainty area is a polygon that can be drawn by putting its boundaries at a constant distance from the line
itself. The width of the polygon represents the spatial uncertainty related to the line position. In the present
study of SV, we define uncertainty areas with a variable radius (and shape) for large- or medium-scale explo-
sive eruptions, small-scale explosive eruptions, and for the eruptive fissures. For representing the uncertainty
areas of parasitic vents, we use a circular area with fixed radius and, to represent the uncertainty in the loca-
tion of deep faults, a rectangular buffer area with fixed width.

At this stage, uncertainty areas with uniform 100% probability density inside were fixed by the authors with-
out the use of structured expert elicitation techniques [e.g., Cooke, 1991; Aspinall, 2006]; the same basic
assumption was adopted by Bevilacqua et al. [2015] in a similar study on Campi Flegrei caldera and was
considered appropriate also for the aims of this study.

5. The Data Sets

5.1. Geological Mapping and Caldera Information

Geological mapping and caldera morphological features are included in the geodatabase with the specific
aim of facilitating the characterization of the other volcanological data sets and of helping in their interpreta-
tion and elaboration [see also Tadini et al., 2017].

Geological units from the latest geological map of SV [Santacroce and Sbrana, 2003] were digitized and
included in the geodatabase to integrate volcanological, structural, and geological data, particularly for the
attribution of a given period of activity to parasitic vents and eruptive fissure ages. A simplified version of
such feature classes, where different formations have been grouped into major units representing specific
temporal intervals of SV activity or specific type of deposits, is shown in Figure 1b. Geological units have been
stored in a polygonal feature class where each record is classified according to the information provided in
the geological map (formation, code of formation, type of deposit, age, and labels). A total of 13 formations
for primary volcanic deposits (lava flows, PDC deposits, and fallout deposits) and two formations for alluvial
and clastic/volcanoclastic deposits comprise the feature class. Deposits cover the whole volcanic history of
SV, starting from Mount Somma activity (“Lave e Piroclastiti della Valle del Gigante” and “Lave e Scorie dei
Cognoli”; Figure 1b) through the more recent activity of the volcano (“Lave e Piroclastiti del Vesuvio”;
Figure 1b).

The SV caldera morphological outline and a simplified morphological partitioning of it are also included in
the geodatabase as two other polygonal feature classes. The present SV caldera outline (Figure 1b and
following figures) has been drawn by taking into consideration morphological limits (the foot of Mount
Somma northern scarp) and the caldera collapse extent of Plinian eruptions based on other morphological
features (sharp changes in the slope, evidences from the hydrographic network, etc. [Cioni et al., 1999]) and
is represented through a polygonal feature class. The surface area enclosed by this caldera outline
is 12.98 km”.

To provide more information about parasitic vents and eruptive fissure location (see sections 5.4.1 and
5.4.2), as well as to facilitate considerations about the potential areas of vent openings [Tadini et al.,
2017], the SV caldera has been subdivided into four sectors (labelled A, B, C, and D), whose definitions
are mostly related to the morphological features of the SV caldera (Figure 1b). In detail, sector A encloses
the present area of Gran Cono and is bordered by the break in slope at the base of the cone; sector B refers
to the N-NE part of SV caldera (delineated by the Mount Somma scarp) and approximately corresponds to
the “Valle del Gigante” area; sector C encloses the SE part of the SV caldera and approximately corresponds
to the “Valle dell'Inferno” area; and sector D refers to the W part of SV caldera and includes the “Piano delle
Ginestre” area. The areal size of the four sectors varies between about 2.1 km? for sector C up and about
4 km? for sector D.
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Figure 3. Large- or medium-scale explosive eruption data set. The data set includes (a) four Plinian eruptions, (b) three sub-Plinian | eruptions, and (c) three
sub-Plinian Il eruptions. Each group of eruptions comprises a feature class indicating the vent positions as a point (from Gurioli et al. [2010]) and a feature class
representing the associated spatial uncertainty area. SV caldera is outlined in dark orange dashed line.

5.2. Vent Location of Large- or Medium-Scale Explosive Eruptions

The data set of large or medium explosive eruptions groups two feature classes that account for the vent
positions and their associated uncertainty areas (Figure 3) related to four Plinian, three sub-Plinian |, and
three sub-Plinian Il events, according to the classification introduced by Cioni et al. [2008].

For Plinian eruptions (Figure 3a), uncertainty areas are taken to be equal to the area of the associated caldera
collapse, as defined in Cioni et al. [1999]. Despite the available data related to fallout isopachs [Bertagnini et al.,
1998; Cioni et al., 2000; Gurioli et al., 2005; Gurioli et al., 2010; Mele et al., 2011] that help to constrain possible
vent positions for these eruptions, there are wide uncertainties associated with them, also due to possible
vent migration during each Plinian eruption (e.g., following caldera collapse). For these Plinian events, dimen-
sions and shapes of uncertainty areas are linked to the accuracy of morphological constraints used by Cioni
et al. [1999] to delineate the collapsed areas. As a result, the Pompeii and Avellino eruptions have uncertainty
areas that are better defined than the older Mercato and Pomici di Base eruptions, which have fewer morpho-
logical constraints [see Cioni et al., 1999].

Data from fallout isopachs [Rosi et al., 1993; Cioni et al., 2003; Sulpizio et al., 2005] allowed Gurioli et al.
[2010] to display inferred vent locations also for sub-Plinian | eruptions (Figure 3b). We define uncer-
tainty areas associated with vent locations in a way similar to that for Plinian eruptions. The definition
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of uncertainty areas suffers from the
limitation that no, or very limited,
morphological constraints are avail-
able, as the sub-Plinian eruptions
resulted in less pronounced caldera
collapses/enlargements [Cioni et al.,
2008]. For this reason, we have to rely
on additional information for the defi-
nition of such areas: (a) for the A.D.
1631 eruption, the vent uncertainty
area, approximately coinciding with
the base of the Gran Cono, is mainly
based on historical accounts [Rosi
et al, 1993; Scandone et al, 1993;
Nazzaro, 1997; Ricciardi, 2009]; (b) for
the A.D. 472 Pollena eruption, due to
similarities in magnitude and intensity
values, the extent of the vent uncer-
tainty area has been assumed similar

|:| Uncertainty 1944CraterRim to that of A.D 1631 eruption, centered
(10 eruptions - Age<AD 1631) on the Pollena vent location and
reshaped according to the SV present

[:I Uncertainty_GranCono caldera outline; (c) for the Greenish
(22 eruptions - AD 1631<Age<4.3 ka BP) Pumice eruption (the oldest among

the sub-Plinian | eruptions), uncer-
tainties are greater, as no clear mor-
phological constraint exists due to

Figure 4. Small-scale explosive eruption data set. The data set includes 32 subsequent activity. For these reasons,
eruptions whose vents are distributed over three uncertainty areas: (1) the ~ the uncertainty area related to this
area included within the 1944 crater rim, where 10 eruptions occurred eruption is larger and has been put
since the A.D. 1631 sub-Plinian event; (2) the area of Gran Cono, where in
the period between the Avellino (4.3 ka B.P.) and A.D. 1631 eruptions,
there occurred the remaining 22 eruptions; and (3) the area related to VS
and AE eruptions that has been possibly lost in the eruptive sequence For sub-Plinian Il eruptions (Figure 3c),
(possibly older than the Avellino Plinian eruption). SV caldera is outlined
in dark orange dashed line.

|:| Uncertainty_PreAvellino
(

Unknown number of eruptions - Age>4.3 ka BP)

equal to the one of the closest (in
time) Plinian eruption (Pomici di Base).

difficulties are also greater than for the
sub-Plinian | eruptions. We adopt, how-
ever, a similar approach: (a) for the A.D.
512 eruption, field data [Cioni et al., 2011] and sporadic historical accounts [Alfano, 1924] constrain the vent
position within the area presently occupied by the Gran Cono, and for this reason, we place the uncertainty
area equal to that of the sub-Plinian | A.D. 1631 eruption; (b) for AP1 and AP2 eruptions, Andronico and Cioni
[2002] provided a reconstruction of fallout isopachs which suggest a vent position in a similar location of the
preceding Avellino Plinian eruption. For these reasons, the extent of the uncertainty areas associated to these
two eruptions is assumed equal to that adopted for the Avellino eruption.

The large or medium explosive eruption data set is therefore composed of two different feature classes: a
point feature class (indicating the centroid of the vent uncertainty area) and a polygon feature class indicat-
ing the vent uncertainty areas, both consisting of 10 elements (the 10 eruptions).

In summary, the large- or medium-scale explosive eruption data set highlights how (a) the events do not
seem to follow a specific spatiotemporal pattern (i.e., a clear tendency to centralization of volcanic activity
is not evident); (b) they are concentrated in three of the four caldera sectors defined in Figure 1, namely,
sectors A, B, and D (see also Table 1); and (c) some eruption sites (i.e., the A.D. 79/Mercato/A.D. 512/A.D.
1631, the Greenish Pumices/Pollena, and the Avellino/AP1/AP2 eruptions) appear to be clustered in specific
locations close to the NW south-facing rim of the SV caldera, within the Gran Cono edifice and within the
“Piano delle Ginestre” area in sector D (Figure 1). However, it should be noted that such spatial variability
is restricted within the summit caldera of the SV edifice.
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5.3. Vent Location of Small-Scale Explosive Eruptions

The small-scale explosive eruption data set (Figure 4) comprises the violent Strombolian (VS) and continuous
ash emission (AE) categories, which have been placed here into one data set to reflect similar magnitudes
and intensities, although deposits and related hazards are quite different [Cioni et al., 2008; Neri et al.,
2008; Barsotti et al., 2015].

Cioni et al. [2008] report a total of 32 events with field evidences that span a wide temporal window between
the Avellino Plinian eruption (4.3 ka B.P.) and the last eruption of 1944. However, the degree of confidence in
the vent location for these eruptions is quite variable with respect to time, related to the level of preservation
of the associated deposits (which might be easily remobilized and also have a smaller areal extent with
respect to higher magnitude/intensity eruptions).

For the younger VS to AE eruptions, i.e., 10 events that occurred after the A.D. 1631 eruption and which have
the most preserved deposits, Arrighi et al. [2001] were able to reconstruct detailed fallout isopachs, and
accordingly, vent positions could be all placed within an area that is approximately coincident with the
present rim of Vesuvius crater. For the remaining 22 eruptions that date back to the period between the
Avellino and the A.D. 1631 eruption, sparse information has been provided by several authors. Among them,
only the AP3 to AP6 eruptions have been systematically studied by Andronico and Cioni [2002] and the recon-
struction of their fallout isopachs indicates that vent locations for these eruptions were confined to the area
of the present edifice of Gran Cono. The remaining eruptions have been cited differently within the biblio-
graphic sources (PM2, PM3, PM4, PM5, and PM6 in Santacroce and Sbrana [2003] and AS1a-d, AS2, AS2a-f,
AS3, AS4, AS4a-c, and ASS5 in Cioni et al. [2008]), and the available [Rolandi et al., 1998; Cioni et al., 2008] or
unpublished field data indicate that also for these eruptions, the approximate location of the eruptive vent
was confined within the area of Gran Cono.

However, the eruptive records of these eruptions might not be complete due to the lower preservation
potential with respect to events of higher magnitude or intensity. It is therefore considered the possibility
that an unknown number of VS to AE events has been “lost” in the eruptive sequence, and it is proposed
to locate these eruptions within an uncertainty area whose extent has been drawn by joining the uncertainty
areas of the large- or medium-scale eruptions that occurred before the Avellino eruption (i.e., Pomici di Base,
Greenish Pumices, and Mercato). The presence of some scoria cones on the outer SV slopes suggests that
midintensity activity sporadically occurred also outside the present SV caldera at different ages (e.g.,
Pollena and Vallone San Severino scoria cones, between Pomici di Base and Greenish Pumice eruptions;
Camaldoli della Torre scoria cone, between the Avellino and the Pompeii eruptions; and several Middle
Age scoria cones especially in the southern and western sector of the volcano).

In summary, for the small-scale explosive eruption data set, three main uncertainty areas for the spatial
location of vents are defined, each based on the associated time period (Figure 4). These are represented
with three feature classes, all of them polygonal. The first comprises a polygonal feature class that
accounts for an unknown number of VS to AE eruptions that possibly occurred before the Avellino
eruption (Uncertainty_PreAvellino); the second, with extent matching the area of the Gran Cono
(Uncertainty_GranCono), is a feature class that represents the uncertainty area of 22 vents from eruptions
between the Avellino Plinian eruption and the A.D. 1631 sub-Plinian | eruption; and the third, which is
represented by the present crater area, encloses the last 10 VS to AE events, which occurred between
the A.D. 1631 and 1944 eruptions (Uncertainty_1944CraterRim).

These three uncertainty areas might suggest that there has been an apparent tendency for volcanic activity
to become more centralized through time, in the area of the Gran Cono edifice. Although this might have
occurred, the apparent tendency could also reflect the different levels of uncertainty in vent location for
the three periods under consideration: older events are simply more uncertain. This said, it is also plausible
that they all took place within the same uncertainty areas as the more recent ones. Moreover, the existence
of the Gran Cono edifice, which has grown intermittently since the A.D. 79 eruption, might indicate that all
known eruptions in this data set contributed to its development.

5.4. Vent Location of Effusive Eruptions

The Effusive eruption data set is composed of two separate subdata sets, i.e., parasitic vent locations and
eruptive fissures, which describe the two possible surface manifestations of effusive activity.
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Figure 5. (a) Parasitic vent subdata set. The subdata set was compiled after integration of several bibliographic sources (see section 5.4.1). SV caldera is outlined in
dark orange dashed line; the four sectors partitioning the caldera have the colors reported in the legend; (b) parasitic vents grouped by different time periods.

5.4.1. Parasitic Vents

The term “parasitic vents” refers here to any punctual (i.e., not fissural) surface expression of lava or scoria
emission along the flanks of the main edifice; scoria cones, vents aligned along eruptive fissures (described in
section 5.4.2), isolated vents (“bocche”), and exogenous tholoids (local accumulation of lava that creates
significant reliefs) are included in this data set, whereas rootless vents (“hornitos”) are not considered.

A total of 95 vents (47 with surface exposure, 45 buried, and 3 inferred) and 4 exogenous tholoids totaling 99
parasitic vents have been mapped over the whole SV complex (Figure 5a), after integration of several

Table 2. Summary Table of Parasitic Vents as Discussed in the Text®

MAPPED Bibliography (min-max) Lost Vents (min-max)

Sector Age Known Age Unknown Total Total Total
A 6 9 15 29-42 14-27
B 3 4 7 11-13 4-6
C 14 - 14 14 -

D 10 - 10 10 -
Unknown - - - 19-23 19-23
Inside caldera 33 13 (<A.D. 1631) 46 83-102 37-56
Outside caldera (age < A.D. 1631) 15 - 15 15-21 0-6
TOT (age < A.D. 1631) 48 13 61 98-123 37-62
Outside caldera (all ages) 27 26 53 - -
TOT (all ages) 69 30 929 - -

Sectors as defined in Figures 1 and 5 and section 5.1. The notations min and max refer, respectively, to the minimum and maximum numbers of vents cited in
the bibliographic sources considered and of “lost vents” (difference between vents cited in bibliography and mapped vents, see section 5.4.1 and Appendix A for

more details).
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bibliographic sources [Bertagnini et al., 1991; Bruno and Rapolla, 1999; Cioni et al., 2008; IGM, 1876, 1906;
Principe et al., 2013; Santacroce, 1987; Santacroce and Sbrana, 2003; Ventura et al., 2005].

With respect to spatial location (Table 2), 46 out of 99 vents/tholoids are located within the SV caldera and,
among them, 15 are located within sector A, 7 within sector B, 14 within sector C, and 10 within sector D
(Figure 5a). Parasitic vents located outside the SV caldera (53 vents) are generally concentrated in the south,
where most of them have surface exposure, while several of them have been identified from seismic surveys
[Bruno and Rapolla, 1999; Ventura et al., 2005] or have been inferred from considerations on lava flow
morphologies [Principe et al., 2013].

As far as times of vent formation are concerned (Table 2), 48 vents out of 99 are related to eruptions which
occurred after the A.D. 1631 eruption, 21 to eruptions that occurred between the Pomici di Base and the
A.D. 1631 eruptions, while 30 vents are classified as “age unknown,” and they were not assigned to any of
the known eruptions of SV (Table 2 and Figure 5a). Several assumptions about their ages can be made: (i)
it is reasonable to assume that vents within the SV caldera (13 vents) are likely to be representative of the
period 1631-1944 (Plinian caldera-forming eruptions and sub-Plinian eruptions likely obliterated vents that
preceded them); (ii) for the rest (16 vents), the possibility that they took place within the period 1631-1944
can be excluded because all the vents within this period outside SV caldera have been mapped from reliable
historical chronicles; (i) vents outside SV caldera and located to the north/northeast/northwest of Mount
Somma scarp (six vents) are probably related to Mount Somma activity or to Vesuvius activity up to the
Pompeii eruption—there is an absence of records of eccentric activity in historical chronicles for this sector,
and the three parasitic vents on Mount Somma scarp date to before the Pomici di Base eruption; and (iv) for
vents outside SV caldera and located to the east/west/southeast/southwest (10 vents), it is too speculative to
attribute ages since, in this part of the volcano, eruptive centers opened even after the Pompeii eruption,
although some of them might be related to effusive volcanic activity that occurred between the IX and X cen-
turies C.E. [Principe et al., 2004]. Very recently, some buried effusive volcanic vents have been possibly identi-
fied by Paoletti et al. [2016], off the coast of Torre del Greco.

To better highlight the distribution of parasitic vents with respect to different time periods, a summary has
been compiled in Figure 5b. This figure shows how the parasitic vents, at least within the last 400 years,
are uniformly spread over the whole caldera area, with some located outside as well. In contrast, the still-
visible vents related to the period A.D. 472 to A.D. 1631 are all located outside the SV caldera; however, it
is impossible to assess whether or not others opened inside the caldera during the same period, since sub-
sequent eruptions will likely have obliterated any sign of them.

When assessing uncertainties related to location of parasitic vents, two different sources of uncertainty need
to be considered. The first is related to spatial uncertainties in feature location, related to possible errors due
to inaccurate placement of vents from field data to maps, for which appropriate uncertainty areas have been
defined; the second arises from the comparison between the positions of vents mapped in the field and the
locus of vents cited in historical accounts (from which we derive an estimate of the number of “lost vents”).
Due to several residual ambiguities and discrepancies among the different historical accounts considered (for
instance, a different source might cite different numbers of parasitic vents for the same eruption), the num-
ber of lost vents could be estimated only as a range (minimum and maximum values). In this case it has been
considered not necessary to define uncertainty areas with different dimensions for each parasitic vent since
the differences among them have been considered minimal.

In the case of parasitic vents, their locations have been determined mostly from existing databases and maps
with precise geographic coordinates and reference points, resulting in apparent very low positioning errors.
However, several mapped vents have presently limited exposure or are completely buried, whereas others
have been deduced from seismic reflection surveys [Bruno and Rapolla, 1999]. Based on these limitations
and considering the typical measured radius of scoria cone craters in different volcanic settings [Corazzato
and Tibaldi, 2006; Déniz et al., 2008; Hasenaka and Carmichael, 1985; Porter, 1972], a circular uncertainty area
with radius 75 m is assumed for all parasitic vents.

With the goal of estimating the second element of uncertainty, i.e,, the number of lost vents, a detailed
analysis and comparison of bibliographic sources dealing with parasitic vent locations has been carried out
by analyzing bibliographic sources that summarize the observations recorded in historical accounts
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Figure 6. Eruptive fissures subdata set. (a) Eruptive fissure subdata set compiled after integration of different bibliographic sources (see section 5.4.2). The numbers
in yellow boxes are ages of eruptive fissures. The rose diagram refers to all eruptive fissures in the data set (petal size is 10°); (b) high-density area for eruptive fissures
(in light green dashed line) as discussed in section 5.4.2. SV caldera outlined in dark orange dashed line.

[Nazzaro, 1997; Ricciardi, 2009; Scandone et al., 1993]. Chronicles and historical accounts about this topic are
very poor before the year 1631, and therefore, the comparison performed in this work was restricted to the
period 1631-1944. A detailed comparative table is reported in Table S1 in the supporting information, and
more details about the procedure are provided in Appendix A. Table 2 reports the minimum and maximum
(min; max) numbers of parasitic vents as deduced from such bibliographic sources and historical accounts
and hence indicates the potential numbers of lost vents. With the information available it is also possible to
define qualitatively the position of several vents cited in the bibliography by using SV caldera
morphological sectors (Figure 1b). It is estimated that 37-62 vents should be considered “lost vents”; apart
from these latter ones, it is worth noting that five vents have been mapped but are not cited in the
historical records (1757, 1854, and 1872 eruptions). Among these, it is estimated that between 14 and 27
lost vents could have been located in sector A, 4-6 in sector B, 19-23 within the whole caldera, and 0-5
outside the SV caldera.

5.4.2. Eruptive Fissures

The term “eruptive fissure” refers here to any fracture on the volcanic edifice from which emission of volcanic
materials (lava, ash, and scoriae) has taken place. Eruptive fissures at SV generally resulted in the emission of
lava through gentle effusions and/or fountaining (e.g., 1779 and 1872 eruptions [Scandone et al., 1993]). At
least in one case, during the A.D. 1631 eruption [Rosi et al., 1993], the initial fracture rapidly evolved into a
point vent and was clearly characterized by emission of ash, scoriae, and incandescent blocks, without any
lava effusions.

This subdata set is composed of 32 elements (Figure 6a), derived from several papers and geological maps
[Santacroce, 1987; Santacroce and Sbrana, 2003; Acocella et al., 2006a; Cioni et al., 2008]. Among them, only
6 cases out of 32 can still be mapped in the field, while the locations of the rest are simply inferred from
bibliographic sources [Acocella et al., 2006al. A total of 27 fissures developed wholly, or almost entirely, within
the SV caldera. Ages of different eruptive fissures, as defined in Acocella et al. [2006a], have been confirmed
by comparison with other bibliographic sources and dated geological units underlying or in proximity to the
assumed eruptive fissure [Santacroce and Sbrana, 2003]. A total of seven fissures drawn by Acocella et al.
[2006a], whose positions are not attributable with a sufficient degree of confidence, have not been included
in the present data set. These fissures were related to the eruptions of 1631 (although Rosi et al. [1993]
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showed a preferred site of the fissure location within the W flank of the previous edifice), 1694, 1723, 1766,
1804-1805, and 1822 (the latter associated to two fissures, as reported by Acocella et al. [2006b]). From the
point of view of ages, the bulk of eruptive fissures (29 of 32) were related to the period 1631-1944. A com-
parison is made of different bibliographic sources which analyze historical accounts between the A.D. 1631
and the 1944 eruptions [Acocella et al., 2006a; Ricciardi, 2009; Scandone et al., 1993], similar to that performed
for parasitic vents, in order to account for possible “lost eruptive fissures” and to provide robust estimates for
the locations of those eruptive fissures already included in the data set. The result of this detailed comparison
and of the comparison between parasitic vents and eruptive fissures for a single eruption is available in
Table S2 and in Appendix B. Considering the three sources cited in the previous paragraph as a whole,
eruptive fissures have been reported from 52 eruptions within the period 1631-1944, resulting in the
formation of 57-67 eruptive fissures (numbers have the same meaning of those used for parasitic vents,
i.e, min—-max range), and the number of “lost” features is 28-38.

Location uncertainties for eruptive fissures are evaluated in a similar way as for parasitic vents. Eruptive
fissures are digitized in vector format by georeferencing a raster image from Acocella et al. [2006b].
However, as discussed before, these locations potentially are affected by substantial uncertainty as the posi-
tions of most (i.e., 26 of 32) have been inferred from descriptions in the chronicles and not directly mapped
in the field. This situation is particularly evident for the fissures located in the area of Gran Cono (Figure 6a),
today completely covered under a thick pile of recent lava flows. In consequence, a possible approach for
using this fissure data set (limited to the area of Gran Cono) is to define a high-density area of eruptive
fissures. Such an area (see Figure 6b) roughly includes the entire Gran Cono up to its base and is slightly
elongated along the NW-SE direction following one of the prevailing trends of eruptive fissures (see rose
diagram inset in Figure 6a). As further discussed in Tadini et al. [2017], a circular uniform distribution of
eruptive fissures can be assumed within such an area, as fissures around the Gran Cono are mainly radially
distributed (Figure 6a).

Locations for a number of “lost eruptive fissures” can be qualitatively given with a certain degree of con-
fidence by considering the disposition of past eruptive fissures with respect to the volcanic edifice.
Acocella et al. [2006a, 2006b] have extensively treated this topic, showing an almost radial disposition of
fissures with respect to the Vesuvius cone for the 1631-1944 eruptive period. Figure 6a clearly illustrates
this general radial trend, although it also shows some prevalence of fissures mainly along the NW-SE direc-
tion (and partially along E-W direction), consistent with the orientation of the regional stress field and
NW-SE trending regional structures (Figure 1a; see also section 5.5). “Lost eruptive fissures” should thus
be located in an area roughly corresponding to the above-mentioned uncertainty high-density area of
eruptive fissures.

5.5. Deep Faults (Buried)

The deep fault data set (Figure 7) is composed of a linear feature class with 54 elements representing faults
detected in the substratum. These faults derive from previous studies and were identified and characterized
through seismic reflection methods (45 faults, 35 after interpolation and 10 after extrapolation [Bianco et al.,
1998; Bruno et al., 1998; Bruno and Rapolla, 1999]), gravimetric data (six faults [Cassano and La Torre, 1987]), or
mixed gravimetric and seismic reflection data (three faults classified as “neotectonic structures” by Ciaranfi
et al. [1981]). Seven out of 54 faults cross the SV caldera, as defined in the present work, two of them being
located with mixed gravimetric/seismic data and the remaining five with geophysical data. Notably, the two
faults that cross SV caldera, as evidenced by Ciaranfi et al. [1981], mimic the position and strike of other faults
extrapolated from seismic profiles by Bruno et al. [1998], suggesting that they likely represent the same
fault planes.

Lengths of deep faults vary between about 400 m and 13.5 km and show a rather tight distribution along
the NE-SW and NW-SE directions (Figure 7 [Bianco et al. [1998]). All these faults cut through the Mesozoic
carbonate basement [Ciaranfi et al., 1981; Cassano and La Torre, 1987; Bianco et al., 1998; Bruno et al., 1998]
or within the shallower 150-200 m of alluvial/volcanic deposits [Bruno and Rapolla, 1999]. The top of the
carbonate basement underneath the Campanian plain has been calculated from geophysical data inver-
sion [Bruno et al., 1998] and gravimetric data [Cella et al., 2007] and varies from more than 2000 m below
sea level (bsl) in the Acerra and Pompeii grabens, up to shallower depths (1400-1500 m bsl) below the SV
area., where it was drilled by the Trecase geothermal well. Extrapolation of fault planes from geophysical
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Figure 7. Deep fault data set. Deep fault data set compiled after integration of different bibliographic sources (see section 5.5).
The petal size of related rose diagrams is 10°.

profiles has been put forward by Bruno et al. [1998] as well, with specific focus on structures that cut the
SV caldera (Figure 7). These inferred faults are consistent with numerous observations of fault planes from
other sources [Cassano and La Torre, 1987; Ciaranfi et al., 1981; Florio et al., 1999]. Bianco et al. [1998] point
out that local fault kinematics at SV are also consistent with regional fault kinematics that is normal to
sinistral for the NW-SE trending faults and normal to dextral for the NE-SW trending structures (see
section 2.1).
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For the deep fault data set, a linear uncertainty area is assumed here with a width of 150 m, a value that
accounts for the resolution limits of the seismic profiles employed for the recognition of the faults of this
data set.

The deep fault data set suggests that—for the SV caldera area—the intersection of two faults in the E part of
the caldera coincides with the position of the Gran Cono edifice. Moreover, the intersection of these faults,
and of other two faults close to the NW south-facing rim of the caldera, might be correlated with the position
of some large- or medium-scale explosive eruption sites (see section 5.2). Although it is often accepted that a
stratovolcano forms at the intersection of major fault planes [e.g., Kyle and Cole, 1974], proposing that this is
the case for the SV volcano is, currently, speculative; the extents of some of the faults in this data set have
been extrapolated, and hence, their reliability is questionable.

6. Concluding Remarks

New and revised data sets of the eruptive and structural features of the Somma-Vesuvio volcanic complex
have been developed with the aim of synthesizing a uniform geodatabase that complements and extends
existing data sets. These data sets relate specifically to a new reconstruction of the inferred locations of past
eruptive vents and fissures of SV activity and to some regional/local structures, with emphasis being placed
on enumerating associated uncertainties. Such information is relevant for assessing present limitations on
our knowledge of SV eruptive history and for producing more accurate hazard assessment studies. SV clearly
shows a significant spatial variability in its past activity as a function of time and type of eruption. Field
evidence and theoretical studies show that such variability can significantly affect the areas impacted by
erupted products and attention to localities that might potentially be inundated by pyroclastic density
currents is warranted.

The important specific attribute of the new data sets is the consideration and quantification of spatial uncer-
tainty and the extent to which it influences the reconstruction and interpretation of such information. Here
the evaluation and use of uncertainty areas and of boundaries to topological features, delineated to encom-
pass fully their positional imprecision, provide a coherent basis for enumerating the related uncertainties. For
the parasitic vents and eruptive fissure subdata sets, the number of features that have been recorded in
historical accounts but have been obliterated by subsequent eruptions (i.e., “lost vents” and “lost fissures”)
has been calculated as well. This innovative feature of the data sets serves to reflect quantitatively the intrin-
sic uncertainty that attends such information.

All the new data about uncertainty areas and the revised data sets are assembled in a volcanological geoda-
tabase, complementing existing individual topic and separate subject matter SV databases. This unifying
geodatabase can be queried and updated and is currently under further development with the inclusion
of further new or revised data and information about past activity (i.e., isopachs of PDCs and fallout thickness,
lahar inundation areas, and geochemical and geophysical data). Because the new database includes specific
information on some sources of uncertainty affecting the data, it also represents a valuable source of infor-
mation for the development of hazard assessment products.

In Tadini et al. [2017] the data sets presented here are used to produce a first quantitative background (or
long-term) vent opening probability map of the SV caldera, with specific reference to the occurrence of
sub-Plinian and Plinian events. This approach is, therefore, consistent with good practice in other volcanic
areas where better information and more plentiful data are available [Cappello et al., 2012; Connor et al.,
2012; Bartolini et al., 2013; Bevilacqua et al., 2015].

Finally, qualitative inspection of the data sets here considered allows to draw some consideration with
respect to the spatiotemporal distribution of volcanic activity source at SV: (a) the initial vent of all Plinian
and sub-Plinian eruptions was located within, or near, the outer rim of the SV caldera, as it existed at the time
(moreover, several of the eruption sites seem to be concentrated in three main locations, i.e,, the Gran Cono
area, the “Piano delle Ginestre” area, and an area close to the NW rim of the caldera); (b) there is an apparent
tendency for the centralization, during the most recent history of the volcano, of eruptive activity in the area
of the Gran Cono edifice, but this is only particularly evident by looking at the violent Strombolian to contin-
uous ash emission eruption data set, which might be incomplete. This possibility needs to be evaluated with
more dedicated studies, which should address whether this tendency is due to the effect of edifice loading
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focusing rising dikes [Muller et al., 2001], or to other factors; (c) the parasitic vent eruption data set does not
evince a particular temporal trend with respect to spatial distribution (following Acocella et al. [2006a],
parasitic effusive activity at SV, i.e.,, vents and fissures, might be associated with open conduit conditions
and horizontally developed radial dikes); (d) the Gran Cono edifice and two groups of Plinian and sub-
Plinian eruptions are located at the intersection of two pairs of extrapolated or inferred fault planes; the
limited reliability of information on such faults within the deep faults data set means that any other interpre-
tation is highly speculative.

Appendix A: Analysis of the Positional Uncertainty for Parasitic Vents

This appendix provides more details to the analysis about the discrepancies (among different bibliographic
sources) of the number of parasitic vents that occurred during different SV eruptions, which are here coded
through the notation “x/y": these two numbers indicate, respectively, the sum of all vents calculated using
(for eruption with discrepancies) the minimum (x) and maximum (y) number of cited vents. For example,
considering the 1794 eruption, we have four vents from Scandone et al. [1993], eight vents from Nazzaro
[1997], and six vents from Ricciardi [2009]. In this case the minimum and maximum are 4 and 8, respec-
tively. Table 1 reports such values in the “Bibliography MIN/MAX" column. Considering the three sources
as a whole, parasitic vents have been reported for 27 different eruptions between 1723 and 1906 eruptions
with a total number of vents from 98 to 123 (Table 2). With the information available we were able to
define qualitatively the positions of the vents cited in bibliography using SV caldera morphological sectors
(Figure 1b): as an example, parasitic vents from the May 1858 to April 1861 eruption cited by Scandone et al.
[1993] were placed in sector D of SV caldera because the authors provided as location site for these vents
the “Piano delle Ginestre” area (see Table S1 for more details). Within SV caldera sectors (Figure 5a), we
were able to assign 29-42 vents to sector A, 11-13 vents to sector B, 14 vents to sector C, 10 vents to sec-
tor D, 19-23 vents with an unknown localization within the whole caldera, and 15-20 vents outside the
SV caldera.

Table S1 provides a comparison between numbers of parasitic vents as reconstructed by three different bib-
liographic sources and for eruptions that occurred after the A.D. 1631 sub-Plinian | eruption. For each record,
the number of vents reported in each source is provided and, where possible, qualitative indications about
vent locations. The black records represent eruptions with parasitic vents cited only in one source; the light
blue records represent eruptions with parasitic vents cited in two sources or cited in all the three sources but
with differences in vent number; the red records indicate eruptions with full agreement among the sources.
Data from Nazzaro [1997] and Ricciardi [2009] are underestimated due to ambiguities in vent citations for
some eruptions.

Appendix B: Analysis of the Positional Uncertainty for Eruptive Fissures

Similar to parasitic vents, eruptive fissures also show discrepancies among different bibliographic sources
(Table S2) and between these and the fissures mapped, resulting in a certain number of “lost eruptive fis-
sures.” With respect to the 29 fissures mapped or inferred (over the period between A.D. 1631 and 1944),
the number of “lost eruptive fissures” is 28-38 (here the notation is the same as that used for parasitic vents).

Table S2 provides a comparison between three different bibliographic sources for eruptions that occurred
after the A.D. 1631 sub-Plinian | eruption. For each record, the number of fissures reported in each source
is provided and, where possible, qualitative indications about fissure locations. The black records represent
eruptions with fissures cited only in one source; the light blue records represent eruptions with fissures cited
in two sources or cited in all the three sources but with differences in the number of fissures; the red records
indicate eruptions with full agreement among the sources.

Eruptive fissures could be closely related to parasitic vents because, for several fissures, their linear develop-
ment is marked by an alignment of parasitic vents (e.g., 1760, 1794, and 1861 eruptions; Figure 5a [Scandone
et al., 1993]). Table S3 provides a comparison between different eruptions (from the period 1631 to 1944) and
the occurrence of vents versus eruptive fissures for each eruption. From this table it is possible to evaluate
that for 17 eruptions, bibliographic sources report the contemporaneous occurrence of eruptive fissures
and parasitic vents. Among these events it was possible to estimate that for seven of them (1754-1755,
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