






Ben mille ed ottoeento
anni varcar poi ehe spariro, oppressi
dall'ignea forza, i popolati seggi,
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nutre la morta zolla e ineenerita,
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del temuto bollor, ehe si riversa
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di Capri la marina
e di Napoli il porto e Mergellina.
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Preface

Men argue, Nature acts.

Voltaire (1694-1778)

The purpose of this report is to present a variety of research objectives directed
toward a better understanding of Vesuvius for the purpose of avoiding volcanic
hazard to populations in the Vesuvian area. To accomplish this objective it is
proposed to develop a global volcanic simulator for Vesuvius by means of which
the hazard-zonation maps of future volcanic events can be produced and the
populations in the Vesuvian area can be educated about the impending danger of
the sleeping giant. The research needs aimed at the development of a simulator
described in the report involve interdisciplinary efforts in volcanology, geology,
geophysics, petrology, mathematical and physical modeling, and computer sci-
ences. The development of a global volcanic simulator for Vesuvius requires a
considerable increase in the quality of future research which can and must be
realized before the giant 'awakesfrom its hibernation.

In preparing this report I wish to express my sincere thanks to Agnese Bilanceri
who drew figures for the report, Paolo Papale for his help with some of the ma-
terial in sections 2 and 3 dealingwith the volcanologicalstudies, Raffaello Trigila
and his co-workersC. Romano, A. De Benedetti, and C. Freda for providing most
of the material for section 5 dealing with the thermodynamic parametrization
studies of magmas, and to Juan 1. Ramos for critical reading, useful comments,
and parts of the material of section 6 dealing with physical, mathematical, and
computer modeling research requirements. I alsowish to thank F. Barberi and G.
Macedonio for critical reading and contributions, and S. Coniglio, G. Giordano,
L. Marinoni, A. Neri, and M. Todesco for their support and contributions.

The global simulation of Vesuvius requires efforts which parallel those of the
grand challenges of the 1990s: climate modeling and ocean circulation; fluid
turbulence and viscous flow; quantum chromodynamics; and human genome.
When I proposed the development of a global volcanic simulator for Vesuvius
several years ago to the President of the National VolcanicGroup of Italy Franco
Barberi and indicated that this development requires visionaries to carry out its
objectives, I was impressed by his immediate enthusiasm; I believed thatthere are
many more like him. Since then, I began more and more to appreciate Machiavelli
who declared: '.
E debbasi considerare come non e cosa pi'li difficile a trattare, ne pi'li dubia a
riuscire, ne pi'li periculosa a maneggiare, eke Jarsi capo a introdurre nuovi ordini;
perche 10introduttore ha per nimici tutti quelli eke degli ordini uecchi Janno bene,
e lia 'tepidi deJensori tutti quelli eke degli ordini nuovi Jarebbono bene.

Nature knows no pause in progress and development,
and attaches her curse to all inaction.

Goethe (1749-1832)

The man is only half himself, the other half is his expression.

Emerson (1803-1882)

Pisa
April, 1993.

Flavio Dobran
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Prologue

In 1990the National VolcanicGroup ofItaly (GNV) submitted to the Minister
of 'PTotezione Civile a report entitled "Eruptive Scenario of Vesuvius". At that
time, this report synthesized the available scientific information on Vesuvius and
delineated a scenario of expected phenomena in the case of the reactivation of the
vulcano which has been quiescent since 1944. The GNV report underlined the
enormous potential for the volcanic risk of the entire Vesuvian area and solicited
the Minister to adopt the necessary protection measures. In 1992 a commission
formed by the Minister produced guidelines for the evaluation of volcanic risk
associated with the Vesuvian area. The report of the commission established
that there are about 700,000persons who may be exposed to the risk, and which
would therefore have to be evacuated before the initiation of an eruption. In
particular, the report provided indications on the work which is still needed to
be performed; from one end to affirm the existing knowledge and behavior of the
volcano (precursor phenomena and expected eruption), and from the other end
the preparation of emergency plans which are adequate to prevent the terrible
crisis connected with an eruption in the Vesuvian area.

In 1993GNV decided to promote a first three-year plan of research on Vesuvius
(similarly for Etna and Vulcano) with the objective to obtain, through a multi-
disciplinary approach, that progress which is necessary for a true quantification
of hazard of the volcano. Toward this end, GNV solicited a call for proposals
and suggested the principal scientific problems for a three-year research program.
The present report can be considered as an extension of this call for proposals
in which the scientific community is summoned for an extraordinary -and truly
innovative effort to produce a global volcanic simulator for Vesuvius with a real
predictive capability. The project is of vast.breath and of enormous ambition. It
sets the stage for an understanding and thus reproduction, modeling, and labora-
tory .simulation of all fundamental processes which govern the functioning of the
vulcano; frqm the genesis of magma, magma segregation, ascent and differentia-
tion in magma chamber, all the way to the eruption and pyroclastic dispersion of
products in the atmosphere. The principal merit of the report resides in identify-
ing the necessary data which are required by the simulator, and the studies and'
technical and scientific approaches which are necessary and possible to obtain.
The proposed project is very complex and difficult to realize, but not impossible
and it is an objective worthy of pursnit.

The report will probably provoke discussions and certain points merit further
elaborations. I wish that these discussions will be constructive and that the re-
port will stimulate further constructive contributions. Each researcher has the
duty to embrace the new, submit to the discussions his or her methods of re-
search, and to take cognizance of new frontiers. This duty is multiplied for the



volcanological community, from whose scientific validity depends the wellbeing
of thousands of individuals. As for my part I pledge a maximum commitment
until this extraordinary scientific adventure passes to its realization. Whatever
the practical result we strive to reach, wehave at least indicated the way to follow
for the future generations of volcanologists.
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"The Vesuvius has an elevated potential for territorial damage. The risk can,
however, be mitigated .and it can and it .must ·be avoided that a natural event
transforms into a national calamity." These words are the conclusion of the com-
mission instituted by the Dipartimento della Protezione Civile (Italy) to define
guidelines for evaluation of risk associated with volcaniceruptions in the Vesuvian
area (GNV, 1992).In order to define these guidelines, this commission,henceforth
referred to as the Commission, found it necessary to delineate the characteristics
of a reference event which was assumed to correspond to a subplinian volcanic
eruption of Vesuvius taking place within the next 20 years. This reference event
was chosen on the basis of the past eruption history of Vesuvius.

A subplinian volcanic eruption of Vesuvius spells a doomsday scenario for
about 700,000 people who live and work on the flanks of the cone or in the im-
mediate surroundings of Vesuvius. The subplinian eruption of Vesuvius in 1631
is a possible reference event, as identified by the Commission, which produced
plinian eruption column, column collapse precipitated by the caldera collapse
which generated pyroclastic flows and surges, rainstorms and lahars, and de-
stroyed the neighboring towns of Torre del Greco, Torre Annunziata, and part
of Herculaneum (Rosi et al., 1992). The volcanic risk in the Vesuvian area is
aggravated by congestion and urbanization with 18 communities being possibly
exposed to an eruption. Herculaneum, Ottaviano, Torre Annunziata and Torre
del Greco may require an evacuation of more than 250,000 people and 300 km2

may be exposed to high ash loading rates which can produce roof collapses. Such
an evacuation can be a nightmare unless it is properly planned and executed on
time.

Based on the reference event of a subplinian eruption, the Commissionset forth
to define intervention plans and identify volcanic risk based on the properties of
such an eruption, expected damage, eruption precursors, and seismic episodes.
The report of the Commission states that the definition of the reference event, or
expected eruption in the next 20years, is based on a solid scientific basis. The
AD 79 eruption type was excluded from the scenario of near-term possibilities
and a high (not quantified) probability was given instead to subplinian eruptions.
The Commission defined the research objectives as being the identification of
event parameters and description of reference scenarios which include the mete-
orological conditions, height of eruption column, and duration and modalities of
the eruption. The physical characteristics of the reference event were identified as
being the fallout of ash, lapilli, and bombs from eruption clouds, pyroclastic flows
and surges along the flanks of the cone, mud flows along the incisions and val-
leys of the volcano, lahars generated from condensation of steam in the eruption
clouds or from emptying of underground aquifers, releases of toxic gases such as
CO2, CO, S02, etc. The expected damage to humans and property due to lithic
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projectiles, pyroclastic flows and surges, lahars, etc., was also placed into per-
spective for further study. The long-, near-, and short-term eruption precursors
to the expected eruption were also identified and a need to relate these precursors
to impending eruption was stressed.

The evaluation of a volcanic risk, or the possibility of a loss - such as life,
property, productive capacity, etc. - within the area subject to the hazard(s),
is based on the knowledge of hazard, vulnerability, and value (Tilling, 1989a).
Hazard is the probability of a given area being affected by potentially destructive
volcanic processes or products within a given period of time; value may include
the number of lives, property and civil works; and vulnerability is a measure of the
proportion of value likely to be lost in a given hazardous event. The Commission
identified three hazard zones at Vesuvius for each (unidentified) physical param-
eter. These zones are described in terms of the adjectives intense, rapid, large,
concentrated, devastating, marginal, etc. In order to assess vulnerability and risk,
the Commission identified a need to produce databases of physical state of the
Vesuvian area, distribution of population and activities, structures, mobilities of
persons, functioning of emergency plans, etc. The hazard, value, and vulnera-
bility parameters·need to be subsequently combined to produce a volcanic risk
assessment for the Vesuvian area in terms of maps or graphs which show spatial
and temporal distributions. As strategies for risk containment, the Commission
defined the necessity to evade further aggravation of urbanization near the vol-
cano, reclaiming of urban areas to decrease risk, invitation to the participation
of all civil protection structures in risk mitigation, and an operational structure
on the territory consisting of an educated population who knows how to confront
the emergency.

The above summary of the Commission's report sets a precedent for further
and very difficult work dealing with quantification and preparation of operational
plans for the Vesuvian area. The reference volcanic event identified from past
eruptions of Vesuvius defined by the Commission is necessary, but it is not suffi-
cient, to serve as a basis for producing the hazard-zonation maps, since volcanoes
do not always and closely followpast eruptive behavior. The catastrophic events
can exceed known precedents at the same volcano (Crandell et al., 1984) with
an example being the recent eruption of Mt. St. Helens on May 18, 1980. The
blast at this volcano extended about three times further from the volcano than
the largest known previous blast at Mt. St. Helens, and it affected an area more
than 10 times larger (Miller et al., 1981). A volcano can change shape, and conse-
quently alter the likelihood of areas being affected by various events. The growth
of a volcano can fill valleys and thereby direct pyroclastic flows and lahars down
previously unaffected valleys. It may also be dangerous to use the precursory
seismicity from past volcanic eruptions to produce future risk assessment, since
for both an eruption and magma intrusion, the length of time of the associated

seismicity can vary widely from volcano to volcano and from eruption to eruption
at the same volcano (Banks et al., 1989). Some precursory seismicity leads erup-
tions by a year or more (the eruptions of Krakatau in 1883and Nevado del Rulz
in 1985), but most lead times vary from weeks to months (from March to May
at Mt. St. Helens). The precursory seismicity preceding the eruptions of Krafla
in Iceland in 1975 and most eruptions of Kilauea in Hawaii began a few days or
hours before the eruptions (Banks et al., 1989). Prior to the 1631 eruption of
Vesuvius on December 16, the ground tremors were heard only 6 days before the
devastating subplinian event (Rosi et al., 1992).

An effective program to mitigate volcanic hazard and risk must be built on a
strong foundation (Fig. 1) with the scientific community providing a sound knowl-
edge base. The geologic and geophysical mapping, petrological and geochemical
characterization of eruptive products, dating of stratigraphically well-controlled
samples, and physical modeling of eruptive processes must be well integrated
in order to assess volcanic hazard (Fig. 2). A comprehensive understanding of
eruptive phenomena and eruption frequency is the starting point for mitigation
of volcanic risk (Tilling, 1989a). The complete record of historical eruptions, pre-
historic eruptive activity deduced from the geologicalrecord, geological, petrolog-
ical, and geochemical data on the nature, distribution and volume of the eruptive
products, and dating of the volcanicproducts and events interpreted from them,
are essential data needed for adequate hazard assessment (Crandell et al., 1984).
The hazard assessment and zonation, volcano monitoring, and volcanic emer-
gency management form part of any effective program to mitigate the "Volcanic
risk as clearly identified by the Commission. All of these tasks are very complex
to realize, and past eruptions of Vesuvius provide an excellent guide for inferring
the future eruption styles and testing of scientific models. This does not imply,
however, that we should employ only past eruption data to "predict" future erup-
tions of Vesuvius. This approach would have a too narrow scientific scope and
it would not serve the best interests of the population surrounding the Vesuvian
area, and certainly it would not do justice to the potential scientific methods for
assessing the volcanic risk at Vesuvius. '

From the above considerations, it is clear that the determination of volcanic
risk at Vesuvius should be based on an interdisciplinary scientific model which
must be tested on past eruptions. Such a global volcanic simulator (Dobran et al.,
1990;Dobran, 1991b) could be used to establish probabilistic hazard maps and an
assessment of vulnerability to the population in the Vesuvian area. The volcanic
hazard-zonation maps should delimit the zones of hazard related to each type of
event, such as due to tephra fallout, lava flows,pyroclastic flows, lateraly directed
blasts, debris avalanches and lahars, volcanic gases, tsunamis, etc. Figure 2 from
the Commission's report (GNV, 1992) represents in effect a model of a volcanic
simulator since it consists of most of its essential ingredients. What is lacking
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Figure 1. Diagram illustrating the building blocks of a program for mitigation of volcanic risk.
The apex is separated from rest of triangle to indicate the division of primary responsibility
between the scientists and civil authorities (Tilling, 1989a).

in the report, however, is a description of how this simulator can be actually
constructed and of how it can be used to establish the hazard-zonation maps.
This aspect of the problem is illustrated in Figure 3 (Dobran, 1991b) and involves
the incorporation of volcanological, geophysical, and other data in producing
physical models of different volcanic processes which are subsequently combined
into a simulator for implementation on a computer. This computer program can
then be used to produce different eruption scenarios that can in turn be used
to generate hazard-zonation maps. It should be noted that a simulator must be
able to reproduce past eruptions and that for this purpose these eruptions or test
cases must be well defined from volcanological, petrological, and geophysical data
bases.

The prediction of volcanic eruptions by a simulator critically depends on its
capability to simulate past eruptions or reference events as defined by the Com-
mission. To simulate the 1631 eruption of Vesuvius, for example, the simulator
would have to predict the magma ascent, formation of a plinian column, caldera
collapse, column collapse and generation of pyroclastic flows in different valleys of
the volcano, and production of lahars from condensation of steam in the eruption
column or from magma-water interactions taking place during caldera collapse
when the aquifers were emptied. A global volcanic simulator for Vesuvius should
be able to simulate magma supply and differentiation at depth during long repose
times of the volcano, and the plinian, subplinian, and strombolian events with .
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maps for Vesuvius.

5

'--



ENGINEERING SCIENCE
APPLIED MECHANICS

VOLCANOLOGY,GEOPHISICS APPLIED MATHEMATICS

NUMERICAL ANALYSIS
APPLIED MATHEMATICS

DATA BANK

lava flows during the eruptions.
The objective of this report is to define the research which is needed to de-

velop a global volcanic simulator for Vesuvius in order to use this simulator to
establish hazard-zonation maps for the Vesuvian area. Section 2 of the report
summarizes the past eruptions of Vesuvius and inferred functioning of the vol-
cano, and defines the test casesor reference eruptions needed to test the simulator.
Section 3 places in perspective the petrological, volcanological,and geological re-
search needs pertaining to reference events. The understanding of the present
functioning of Vesuvius is crucial and section 4 discusses the required geophysical
research objectives aimed at a better understanding of the present state of the vol-
canic complex. The thermodynamic and petrologic parametric studies required
to define "future" magma composition(s) and the effect of kinetics on composi-
tion(s) is discussed in section 5. Section 6 defines the physical, mathematical, and
computer modeling research requirements and the associated systems integration
procedure studies. The parametric studies and procedures required to produce
hazard-zonation maps are discussed in section 7.

MODEL SOLUTION ON
WORKSTATIONS OR
SUPERCOMPUTERS

Nth VOLCANIC PROCESSES
DEFINITION I-+-l MODEL DEVELOMPENT

(EX FLOW IN CONDUIT)

VOLCANOLOGY,GEOPHYSICS
COMPUTER GRAPHICS

2.1 Morphology

The convergence of the Eurasian and African plates is responsible for seismic
and volcanic activities in the central and southern parts of Italy (Principe et al.,
1987). The Vesuvian region includes the Somma-Vesuviusvolcanic complex and
is located between the opening Tyrrhenian basin to the west and the westward-
migrating Apennine compressivefront to the east. A schematic representation of
the main stratigraphic and structural units of the Campanian region is shown in
Fig. 4 (Ippolito et al., 1973). The volcanoes in this region of Italy are related
to au extensive faulting which displays two main trends: one parallel (NW-SE)
and the other normal (NE-SW) to the main axis of the Apennines. The Somma-
Vesuvius and Phlegraean Fields are within or nearby these faults. The Phlegraean
Fields is a caldera located about 30 km to the west 0{Somma-Vesuvius, whereas
the volcanic islands of Ischia and Procida lie at the mouth of the Bay of Naples,
Roccamonfina 60 km to the northwest, and Vulture 100 km to the east (Fig. 4).
The volcanic activity apparently started at Roccamonfina about 600,000 years ago
(Ballini et al., 1989), 50,000 years ago at Phlegraean Fields, and 300,000 years
ago at Somma (Principe et al., 1982). A period of contemporaneous activity
of the Campanian region volcanoes is estimated between 200,000 and 100,000
years ago (Principe et al., 1987). Historical eruptions are recorded at Ischia in
1301, Phlegraean Fields in 1198 and 1538, and Vesuvius from AD 79 to 1944
(Santacroce, ed., 1987).

Phlegraean Fields is represented by a 12 km wide caldera, resulting from the
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KNOWLEDGE BASE OF
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2. The Vesuvian Volcanic Complex
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'Figure 3. Global volcanic simulator development stages (Dobran, 1991b).
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destroyed Pompei and killed about 2,000 people (Carey and Sigurdsson, 1987;
Sigurdsson et al., 1982,1985,1990; Lirer et al., 1973, Barberi et al., 1981;Sheridan
et al., 1981). The Pompei eruption discharged about 3 knr' of material (Fig. 9).
Following Barberi et al. (1989) and Civetta et al. (1991) four main phases of the
AD 79 eruption can be distinguished: (1) a phreatomagmatic explosive opening,
(2) a plinian phase which includes a fallout-derived white and gray pumice and the
interbedded pyroclastic surges, (3) a "dry surge and flow" phase which is mainly
characterized by the collapse of the eruptive column, and (4) a final "wet surge
and flow" phase of phreatomagmatic origin. Figure 9 illustrates the isopachs of
the airfall and pyroclastic flow and surge deposits of the Pompei eruption.

The 472 Pollena subplinian eruption exhibited a sequence typical of the major
Vesuvian plinian eruptions, but discharging a significantly lower volume. The
eruption is characterized by plinian pumice-fall, increasing carbonate and lava
ejecta, tiuee-ardent flow, and wet pyroclastic flows which indicates an increas-
ing hydromagmatic character. Figure 10 illustrates the isopachs of air-fall and
pyroclastic-flow and surge deposits of the Pollena eruption.

The 1631 eruption of Vesuvius was the most destructive event in the recent
history of this volcano (Rosi et al., 1992). On December 16 at 6:30 a.m., the
eruption started with the ejection of gas and 'ash, and by 10 a.m. it produced a
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plinian column. Between 7 and 10 p.m. on the same day, the eruption produced
a succession of seismic shocks, and by 2 a.m. on December 17 a glowing cloud
was seen issuing from the summit crater, flowinginto the valleybetween the cone
of Vesuvius and Mt. Somma. During the night, lahars were also seen coming
down from the northern slopes of Mt. Somma, devastating the lands around
Ottaviano. At 11 a.m., a violent earthquake occurred and the central crater
was seen discharging ash, gas, and stones which poured down the slopes of the
cone of Vesuvius. These nuee-ardenies descending from the mountain in lobes
are described as being apocalyptic and upon reaching the sea produced tsunamis
from 2-5 rn high. They also destroyed Torre Annunziata 7.5 km and Torre del
Greco 8.5 km away from the crater. In the evening of December 17 Vesuvius
was forming new light-colored clouds, and persistent heavy rains during the days
following the eruption were observed. The eruption produced decapitation of the
cone by about 500 m and about 4,000 deaths, primarily because of the nuee-
ardetites. Extensive destructions were suffered in Ottaviano, Massa di Somma,
San Sebastiano, San Giorgio, and other places, and about 500 km2 were covered
by ash which destroyed crops, vineyards, and cattle.

The general stratigraphic succession of the 1631eruption shows, from base to
top, a main plinian fallout, fallout of blocks and ash, upper lithic-rich fallout, ash
and surge, and fine-grained phreatomagmatic ash (Rosi et al., 1992). Figure 11
illustrates the isopachs of the plinian fallout produced by the eastward blowing
wind. The upper lithic-rich fallout suggests sustained steam blasts during the
night between .16 and 17 of December. The ash flow and surge eruption phase
occurred during extensive cratering and produced nuee-ardentes and beheading
of the cone of Vesuvius. The phreatomagmatic phase followingthe nuee-ardetites
is associated with the emptying of aquifers as caused by the caldera and conduit
wall collapses which brought about a collapse of the plinian column and genera-
tion of pyroclastic flows. The 1631 eruption discharged about 0.2 km" of material
and its tephritic-phonolitic magma composition varies from more differentiated
(producing white pumice) to more primitive (producing darker pumice). This
eruption is important since it represents a good reference event or test case which
can be used to test the simulator. It had a great impact on the populated areas
surrounding Vesuvius and caused extensive damage and fatalities. The macro-
scopic precursors felt by the population began only a week before the eruption,
and the eruption reached a (destructive) climax within 48 hours.

Between 1631and 1944at least 18 eruptive cycles, frequently interrupted by vi-
olent explosive-effusiveeruptions, have been identified (Amo et al., 1987). Within
each cycle, the effusive eruptions (intermediate eruptions) were frequent and the
more voluminous and mostly explosive eruptions (final eruptions) systematically
closed the cycles. Santacroce (1983) related the intermediate eruptions to the ar-
rival of magma into the volcanic system of Vesuvius, whereas the final eruptions
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in em (Rosi et al., 1992).
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were interpreted as emptying of the plumbing system of Vesuvius. The April 1906
eruption of Vesuvius is an example of the final eruptions and ends the 17th erup-
tive cycle (Fig. 12) (Santacroce et al., 1992) which spans the years 1874-1906.
The cycle began on January 1874with the resumption of strombolian activity at
the central crater. During the following years, the volcano was characterized by
a semi-continuous production of lava (Colle Margherita (1891-1893), Colle Urn-
berto (1895-1899)) from several lateral vents and fractures located between 750
and 900 m altitude. The cycle ended with the April 4 eruption in 1906 with the
opening of a system of fractures and vents between 1200 and 600 m elevation
at the southern slopes of the cone (Mercalli, 1906; Perret, 1924; Bertagnini et
al., 1991) as shown in Fig. 13. Between April 4 and 6 (1st phase), the lava was
emitted from vents at progressively lower elevations. In the early afternoon of
April 7 (beginning of 2nd phase) the activity at the central crater intensified with
repeated explosions and by about 10 p.m. on the same day the lava fountains
reached heights of 1-2 km above the crater. The lava fountains reached their
climax in the night of April 7 and 8 with spectacular resumption of the effusive
activity from a new vent (no. 4 in Fig. 13) and from other existing vents (see
Fig. 13). At 3:30 a.m. on April 8 (beginning of 3rd phase), the eruption dynam-
ics changed by the formation of fountain activity and shattering of the cone of
Vesuvius: This event followed with the production of an eruptive column which
was estimated to be 13 'krn high (Perret, 1924) and lasted until the morning of
April 9. After this time (beginning of 4th phase), low eruptive clouds continued to
rise above the central crater, and by April 21 the eruption was over. Bertagnini et
al. (1991) interpreted the shattering of the cone on April 8 as due to the flashing
of a geothermal system surrounding the volcanic conduit of Vesuvius. as caused
by the drawdown of the magma column in conduit at about 3:30 a.m. on April
8. Magma lowering in the conduit is also assumed to have taken place during the
1st phase when the effusive vents opened at progressively lower altitudes (from
1200-600m), and twice during the course of the 2nd phase .

The April 1906 eruption of Vesuvius producing lava flows, lava fountaining,
gas-pyroclasts columns, and magma-water interactions is considerably different
from the plinian and subplinian eruptions of Vesuvius. As such, this eruption
should also be considered as a good reference event or test case to test' the simu-
lator, since an eruption of this nature in the future may produce a great deal of
panic among the population, and possibly extensive damage and deaths to the
urban centers located on the flanks of Vesuvius.

The above overview-Ofthe eruptions of Vesuviuswas purposely contained in or-
der to minimize speculations of different physical processes which may have been
responsible for the rich collection of eruption styles. Based on the descriptions
of eruptions in this section and further volcanological, petrological, geochemical,
and radioisotopic data, in the following section an attempt will be made to infer
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JANUARY: RENEWAL OF STROMBOUAN ACTIVITY
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20
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FROM WNW SUBSUMMIT FRACTURE.
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FROM ENE FRACTURE IN THE 'ATRra.
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Figure 12. The 17th cycle of the recent activity of Vesuvius (modified by Santacroce et al.,
1992; from Arno et al., 1987).
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Figure 13. Location and date of opening of effusive vents during the 1906 eruption (Bertagnini
et aI., 1991).
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Figure 19. Stratigraphy of the Trecase geothermal well (Balducci et al., 1985).
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1906 eruption was assumed as being one of these batches. It had a volume of
about 6x106 m3 and a mean density of 2600-2700 kg/m3 (Santacroce, 1991),
and, consequently, a mass of about 1010 kg. This body was compositionally and
isotopically zoned. It was lighter and more differentiated in its upper portions
and denser and richer in mafic crystals in its lower portions. Its Sr-isotopic ratio
ranges from 0.7072-0.7080 which contrasts with the extreme values of the feeding
units during the 1906 eruption (i.e. batches A and B shown in Fig. 17). Accord-
ing to Santacroce (1983, 1991) and Civetta and Santacroce (1992), the plumbing
system of Vesuvius is characterized by periodic arrivals of small magma batches
which form shallow revervoirs at or above the level of the boundary between the
carbonate basement and the volcano-sedimentary cover. A possible feeding sys-
tem of Vesuvius as hypothesized by Santacroce (1991) is illustrated in Fig. 20.
Magma is produced from the melting of peridotite and is accumulated at the base
of the crust, or Mohorovicic discontinuity (MOHO) located at about 20 km, and
transported upward through the feeding zone into the upper and shallow magma
reservoir( s). On its way through the feeding zone, magma may mix and fraction-
ate and, depending on the open- or closed-conduit conditions, it may experience
further differentiation in the upper zones of the volcanic complex.

Whether or not a continuous or discontinuous magma supply takes place into
the Vesuvian system, in both closed- or open-conduit conditions, depends on the
availability of magma at depth and on its driving pressure. Because the driving
pressure is most likely the result of buoyancy, any factors that affect the density
of magma could cause fluctuations in the flow-rate. A magma rising due to buoy-
ancy when the conduit is closed will tend to become arrested and continue to
spread laterally and melt the enclosing rocks in a region where the density differ-
ence between the rock and magma is reduced to zero. Since most rocks expand
on melting (silicates about 10%), this will have a tendency to increase the local
pressure, decrease the melting due to pressure increase, and induce rock fractur-
ing. Upon fracturing of rocks, the melt pressure will decrease due to flow into the
fractures which will produce more melting. A large-scale melting may, therefore,
occur with considerable volume expansion and buoyant rise of magma to even
higher levels of the system. This implies that the magma flux from deep regions
should be dependent at least on the primary magma composition, abundance of
magma within the deep and shallow regions of the volcano, and structural charac-
teristics of the volcanic edifice. One should not, therefore, assume a priori either
a continuous or episodic magma supply to the Vesuvian system. However, a pe-
riodic magma supply may be possible in the form of diapirs from fluid-dynamic
considerations (Marsh, 1982; Spera, 1980; Whitehead and Helfrich, 1990).

Magma is formed by partial melting of mantle or crustal rocks followed by
the segregation and separation from its refractory residue. When rocks partially
melt, the liquid occupies spaces between grains of different minerals and, because
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Figure 20. Schematic representation of a possible magmatic system of Vesuvius in open- and
closed-conduit conditions (Santacroce, 1991).
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