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1. SUMMARY

Active calderas are major vol canilame shalavt ur e
magma reservoirs, high geothermal gradients, and geodynamic unrest often documented through
historical time Explosive calderdorming eruptionsare among the most catastrophic geologic events
that may affecthe surface of our planet within the interantzone among lithosphere, hydrosphere,
biosphere and atmosphere. These eruptions often reshlige volumes of pyroclastic deposits
accompanied by large collapstuctures and late stage defation and uplift of the intraaldera
floor region (Smith ad Bailey, 1968; Henry and Price, 1984; Lipman, 19897; Komuro, 1987,
Newhall and Dzurisin, 1988; Cole et al., 20@&0cella, 2008; Kennedy et al., 2Q12acchiet al.,
2014;De Natale et al., 201&teinmann et al., 2016

Campi Flegre( i . e . gfi@lds) is oneofthe most dangerous volcanoes on Ealths an
active caldera located on the coastal zone of &\, close to the city of Napleshat hasheen
characterizedby explosive activity and unrestroughout the late Quaternafhis regionrepresents
an active segment of the Eastefyrrhenian margin andanay be regarded as an ideahtural
laboratoryto understandnechanisms of caldera dynamics and the interplay between explosive
volcanism, tectonics argedimentary processes at capfital backarc margins.

The Campi Flegrei arelaosted the largest eruptidhat ever occurred in Europe in the last
200.000 years, namely the Campanian Ignimbrite0@®years BP), VEI-G with about 300 krh
of erupted volume (Rosi and Sbrana, 1987; Deo\ét al., 2001 Fitzsimmons et al., 20)3More
recently, about 1800 years BP, another large eruption occurred, the Neapolitan Yellow Tuff,
which emitted40 kn? of pyroclastic productsorming the present calder&¢arpati et al., 1993;
Deinoet al., 2004De Natale et al., 2016).
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During theMagellan Plusvorkshop held in Naples dzb-28 February 2017, 35 participants
from 4 European countries, $A, and Japan gathered to discuss the key scientific issiogsa
coordinated IODRCDP poposaldedicatedto the drilling of the Campi Flegrei Calderahe
workshop built upon previougsearch and networkiragtivitiesconducted by the proponerttsat
included: 1)Coordinated ICDP Workshop and ESF Magellan Workshop held etbI8ovember
2006 in Naples2) Submission and approval ofl&DP full proposalCampi Flegrei Deep Drilling
Project) in 20062008; 3)Submission of IODP preroposal# 671 in 2008007 with indication of
re-submission on the basis ah implementedite survey packagel) Realization of 2 pilot holes
(namely 500 m and 200 m deep) as a preliminary phase to the ICDP deep drilfeguisiion of
new offshore site survey datenultiscale reflection seismics, multibeam bathymetry and gravity
core datapetween 2008 and 2016

Researchergarticipating in theMagellan Plus workshop representadwide range of
disciplines related to the field of volcanologyeology, geophysics, geomorphology, petrology,
geochemistry, geochronologyumerical and analogue modellinghe initiative was intended to
bring together experts, young researchers and otipeesentatives from the academia and industry
involved in both marine and continentalresearch drilling.The aim of theworkshop was to
strengthen a largegommunity dedicated to develop new ideas for the understanding of a): €ealdera
forming volcanismand unrest off continental margins; b) the dynamics of shallow water
hydrothermal systems, and c) the seafloor morphological and structural changes induced by
frequent uplift/subsidence phases and active degassing processes.

Participants werasked to comibute to scientific debate on volcamand associated hazards
over coastal areas and identify problems that can be addressedoljinatedmarine and
continental drilling, with reference to the Campi Flegrei Caldera, as a case higterworkshop
progamme addressedata integration, and the building of a scientific rationale for drilling
strategies and scientific partneririgrough a multidisciplinary approach, by linking geology,
geophysics and geotechnologihe event has been among the first efforts to assassitific
themes directly related teolcanic hazardn highly populated coastal areagthin the context of
fully integrated CDP-IODP drilling research.

The outcoms of the workshopprovideda concepual frameto support the preparatiarf a
full-proposal for the Drilling of the Campi Flegrei Calera to be jointly submitted to IODP and ICDP
Programmes according to the IO@Ridelines for jointreviewofi Amp hi bi ous Dri | | i
(ADPs). The Campi Flegrei ADBhalladdressomplementaryesearctiopics, into a general view
based on the analysis of collapseresurgent calderas that develop over continental margins.
Coastal offshore settings in fact provide a unique opportunity to reaongte chronostratigraphy
and kinematic evolution of individual structures and components and understand the interaction
between magmatic and hydrothermal processes that characterizes the hinge zone between marine
and continental areas.

2. INTRODUCTION

Large collapse calderas are associated with exceptionally explosive volcanic eruptions, which
are capable of triggering a global catastrophe second only to that from a giant meteorite impact.
Therefore, active calderas have attracted significant scieatiBation However, some important
aspects on caldera dynamics and structure remain uncertain and controversial and they may be very
different from those characterizing the more commonly studied stratovolcanoes or shield volcanoes.
As large collapse caldas occur on all continents in various geological settings and often in densely
populated areas, understanding their dynamics and evolution in order to assess volcanic hazards and
risks is a matter of global relevance.

Large scale calderas are found, feample, in New Zealand (Taupo), Hawaii, North America
(Crater Lake, Long Valley, Valles, Yellowstone), Asia (Lake Toba, Rabaul, Toya, Shikotsu,
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Kuttara),and also in Europe (Santorini, Campi Flegrei). Among those, only a few are located in
proximity to coatlines and continental shelves, where hydrothermalism and groundwater supply
may connect to the expression of volcanism and distribution of its products in a changing
depositional regime, with average high sedimentary supply. Underwater/coastal calderas o
continental shelves further provide access unique stratigraphic archives of inbedded
volcarniclastic and marine deposits with high potential of preservation.

Traditionally @lderas have been analyzed through field studies, analogue models and
numercal simulations (e.g. Druitt and Sparks, 1984; Komuro et al., 1984; Marti et al., 1994; Bower
and Woods, 1997; Gudmundsson et al., 1997; Gudmundsson, 1998; Burov and-Builien et
al., 1999; Acocella et al., 2000, 2001, 2004; GuiHkrottier et al. 2000; Marti et al., 2000; Roche
et al., 2000; Roche and Druitt, 2001; Folch and Marti, 2004; Gray and Monaghan, 2004; Lavallée et
al., 2004; Geyer et al., 260Marti et al., 2008)Collapse calderas hawasoreceived considerable
attention due to theilink to geothermal energy resourcesg; Lipman, 2000)More recently,
offshore reflection seismic imaging has emerged as a tool to understand the stratigraphic
architecture and shallow structure of collapse, resurgent calderas developing at contiaertal m
(e.g. De Natale et al., 2008acchi et al, 2002014;Passaro et al., 2016teinmann et al., 2@}

The Campi FIl egr ei c al der aunrbsadera(rorernuptinghfadr wo r |
the last67 years, a timénterval of unrestepisodesnvolving significant ground deformation (uplift)
and seismicity. Besides theskortterm ground deformation phases (e.g. 19884, uplift rate of
100 cml/yr) (De Natale et al., 200&ilburn et al., 201), longterm ground deformation with rates
of several tens of meters within a few thousand years was also documented. Consequently, the
central part of the caldera was uplifted and the La Starza marine terrace emerged ~5,000 years ago
(Di Vito et al., 1999. The cause for uplift (magmatic vs. hydrothermal) is still under debate (De
Natale et al., 1991De Natale et al., 200®e Vivo and Lima, 2006; Lima et al., 2008roiano et
al., 2011; Moretti et al., 201y and likely consist of periods of shallow magtitaintrusions
accompanied or intercalated by overpressure and heating of shallow aduiidesthe uppermost
hundred meters of the submerged part of the Campi Flegrei caldera have been intensively studied in
the last decades, the deepectionremaindargelyunknown.

Understanding the mechanisms for unrest and eruptions is of paramount importance, as they
are required to establish measures to predict type, intensity and frequency of future eruptions of the
Campi Flegrei caldera and similar systems dwitle. Here, more tha®00,000 people would be
exposedto pyroclastic flows rising toabout 2million considering the most dangerous ash falls
(Rossano et al., 200Mastrolorenzo et al., 2008

3. GEOLOGICAL FRAMEWORK OF CAMPI FLEGREI

The CampiFlegrei is an active volcanic district that lies west of the town of Naples near the
Pozzuoli bay coastline (Fig. 1). This area represents a very mobile segment of the eastern
Tyrrhenian margin during the late Quaterng®ydow et al., 1993; Ferranti ek, 1996)and may be
regarded as a privileged natutaboratory to study the interplay between tectonics and explosive
volcanism associated with riftdhclkarc margins (Milia and Torrge, 1999; Acocella et al. 1999

Many authors agree in considerifge Campi Flegrei and thBozzuoliBay as a remnant of a
guastcircular caldera, about 13 km in diamet@he presentday shape of thealderais commonly
regarded as theesult of two large collapses related to the Campanian Ignimbrite (ca.; 3eka
Vivo et al., 2001) and the Neapolitan Yellow Twdfuptions(ca. 15 ka; Deino et al., 2004).
Evidences of large ignimbritic everttderthan the Campanian Ignimbrifee. 205ka and 157 ka
have been reportad the Campania PlaifDe Vivo et al, 2001)and are also recorded in the distal
marine archive (Insinga et a2014.

Although the Campanian Ignimbrite (CI) has been previously considered as the main caldera
forming events (Rosi and Sbrana, 1987; Orsi et al., 1996), De Vivo et al. (Foflapdi et al.
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(2003), and Bellucci et al. (2006presentecevidencein favor of different, mostly northernmost
horizontal fracture vents as the origin of the Cl. Recently, De Natale et al. (2016) found in the
CFDDP pilot hole the first evidence of buri€d products in Campi Flegrei. Their findings, given
the shallow and thin character of the deposit, are hardly compatible with a main origin of CI in
Campi Flegrei calderalhen, the only collapse forming thealderawas likely due the Neapolitan
Yellow Tuff eruption, dated back 15.000 years BP, erupting about 400k@RE (Dense rock
equivalent) However, proximal Cl products, namely the Museo Breccia widely present at Campi
Flegrei as well as at Procida and Ischia islands testify that some Cl vent emeVal eruption
actually was located at Campi Flegrei and neighboring islands.

Campanian Ignimbrite deposits are widespreatediterranean and noréastern Europe.
After this gigantic eventmany large tanedium scale eruptions occurredcluding the nentioned
Neapditan Yellow Tuff occurredl5 ky BR, and in the past 6,000 years (Fig. 2). The most recent
eruption, the only historical oneccurred in 1538 A.DMost recent volcanic activity gave rise to
unrestepisodeswithout eruptiong195052, 1969-72 and 198284) involving ground deformation
(exceeding rates of 100 cm/year in the years 19881) and sometimes intense microseismicity
(about 16.000 events with magnitude up to 4.0 in 1®83as well as marked geochemical changes
in emitted gaseéBerrino et al., 1984De Natale and Zollo, 198@®vorak and Berrino, 1991; De
Natale et al.1991,2001; Battaglia et al., 200€hiodini et al., 2015; Moretti et al., 2017

The Campi Flegreiareais a typical example of collapse caldera, which hashtiglest
recordedrecentground movements not immediately followed by eruptions. In this area, first
colonized byGreeks and home to the largest Mediterranean military fleet during the Roman times
(Baia, on thewest side of caldera), there is the longestdnical record of ground movements
associated twolcanic activity, revealed by marine incrustations and mollusks on the Roman and
medievalbuildings (Troise et al., 2Q0). The secular deformation of this area is subsidence, at a rate
of aboutl.5-1.7 cmyear, with some periods of large and faster uplift. Historically, three such uplift
periods are evident: the first one occurred from 80 to 230 AD, the second from 1441 to 1538,
culminating in the last eruption in the ar@ad the thirdstarted in 195@ndstill in progress. The
latter periochas beertharacterized by episodes of very fast deformation rates, followed by periods
of minor subsidencgethe ongoing uplift, started after 2005, is characterized on the contrary by much
lower deformation rates amgkismicity, but much longer lastinghe maximumtotal uplift since
1969 to 1984 was 3.5 if@round 4.5 m since 1950@ndmaximumuplift rate in the period 1983
1984 exceeded 1 m/year. After 1985 a relatively fast subsidence started until at the end;of 200
since the2006a new upliftphase isn progresswhich caused a total uplift of 4n, so far

The Campi Flegrei probabhgpresentshe most interesting example in the world of an active
caldera that develops across a densely populated continemginmas it partially develops
beneath thesea water, over the inner continental shelf of Southern (thb caldera igartially
submerged for about 60 % of its surfattee Campi Flegrei area is an ideal site to tiestpotential
of IODP shallow waterdrilling on a volcanic continental margin by a multiplatfonlling
program including langea transects, in the frame ofudly integrated IODGICDP Amphibious
Drilling Proposal (ADP)

4. WORKSHOP OBJECTIVES

The Magellan Workshop held @%-28 February 2017 Napoli wasmeantto address a long
lived activity of various research groups that have been involved since 2006 in both onland and
offshore preparatory work and fulfilment of proposal requirements towards an integrated scientific
drilling proposal for the Campi Flegrei Caldera that will be submitted to IODP and ICDP
Programmes according to the IO@Ridelines for joint reviewofi Amp hi bi ous Dri | I
(ADPs)(Figs. 2 and 3)
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4.1.Previous activity of research groups involvedn the Campi Flegrei drilling initiative

In 2006, two scientific workshops on the CFDDP (Campi Flegrei Deep Drilling Project)
(ICDP, May) and complementary marine drilling (IOD¥9vember) were held in Naples, during
which it was agreed that setting and features of the partially submerged Campi Flegrei caldera
provide an ideal natural laboratory to study the mechanisms of calgeaanics (De Natale et al.,
2009.

While the ICDP drilling had been initiated several years ago and recently successfully
completedhe pilot hole drilling, an associated IODP drilling is still in the-preposal stage (671
prefpre2), which was first submitted in 2005 and then resubmafted the ESF workshop in 2006.

EC@RD  Campi Flegrei «Amphibious Drilling»> Project icdpl
o ROADMAP £
Campi Flegrei Deep

Drilling Project-CFDDP
{IcoP)

W
o : e
o Campi Flegrei IODP Campi Flegrei ICOP 2006 o=
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L) - ~ T
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o pre-Proposali# Full Proposal 2008 o
Re-submission encouraged Appraved by ICDP
2 [
PILOT 2008
DRILL- P 5046
HOLES
. MagellanPlus Workshop .
- Frei S ECORD/ICDP Preliminary  01g
rasults Warking Group results 2017
~ | d
Amphibious Drilling Proposal 2017
to be submitted to IODP/ICDP 2018
(Detaber 20017 fanuary 2018}

Fig.2. Roadmap of previous activity of research groups involved in the organization of the Magellan Plus
workshop towarda newAmphibious DrillingProposal of th€ampi Flegrei Caldera

Since 2006, two new multichannel seismic data sets, complemented by cores and acoustic
survey data for the shallow subsurface and for hydrothermal venting, had been acquired, and the
basis for planning a drilling campaign has significantly improved. 118 28Migh frequency (up to
300 Hz) seismic griadvas recordeat a spacing of 150 meters, and recently in January 2016, a low
frequency (50 Hz) grid on 250 m line spacing was surveyed in the Gulf of Pozzuoli. While
processing of the new data set is still to come, preliminary redsaMs bee discussed during the
MagellarPlus Workshop (228 February 2017), tbave an irdepth discussion concept drilling
proposal, drilling targetsite selection and required drilling technologies.
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4.2. Themes and issues addressed during the workshop

Participantswere asked to present and aliss their contributionsn plerary sessiorand
subgroupsccording to the following main themes:

ExplosiveVolcanism and Caldera Formation

Calderarelated magmatism and eruption, pyroclastic flows, ignimbrites, fissucentsal volcano
eruption, linkage between magmatic and hydrothermal systems

Hydrothermal systems

Comparison betweemarineand terrestriakettings, pathways and flow pattern of hydrothermal
circulation, structural constraints, origin of uplift (hydrotimat vs magmatic), control of
small and large scale faulting on hydrothermal venting, unrest and volcanism

Chronology of catastrophic eruptions

Onset, type and frequency of volcanism in Campi Flegrei region, reconstruction from sedimentary
archivescaldera fill, long term sedimentary archive from a distal site

Depositional Setting

Caldera fill, interaction with sea level change, terrestrial sediment fluxes, volcanic control on
sediment transport pathways and accommodation space, distribution @thgtics and
atmospheric control, characteristics of volcanoclastic deposits in a marine setting, diagenetic
overprint by hydrothermalism

Monitoring:

Integration of boreholes into ING®@V longterm observational network (earthquakes, tremor,
micro-seismcity, temperature, pressure), lessons learned from IODP

Links to land drilling

State of knowledge (cores, borehole data) and progress report from ICDP and other land drilling

Technical Implementation

Constraints from MSP operational viewpoint, watepth, technology, costs
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5. WORKSHOP PARTICIPANTS

Venue: St. Domenico Maggiore Convef\fico San Domenico Maggiore, 1880134, Napoli,
Italy).
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6. WORKSHOP PROGRAM

The workshop included a plenary sesq@5 February 2017Fig. 4), a short field trip to the Campi
Flegrei on thesecondday @6 February 201), andthematiéplenarysessions on the followindays
(27-28 February 201}

25 February S. Domenico Maggiore plenary sessignDay 1

09:0071 09:20 Welcome

09:207 09:40Marco Sacchi-Ai m of the fACampi FIl egrei 06 Magel l-aljnPl us
ICDP coordinated actions amphibious drilling proposal

09:457 10:05Giuseppe De Natale & Claudia Troise The Campi Flegrei Deep Drilling Project: first results and
further plans

10:107 10:30Volkhard Spiess- Challenge for a renewed IODP proposal for scientific drilling at Campi Flegrei
CAFE project #2: new site survey

10:3571 10:55Hans-Ulrich Schmincke & Mari Sumita - Subaerial ignimbrites issued from large caddesind
their submarine/subaqueous equivalents, with main examples from Gran Canaria ODP Leg|57 and
Nemrut Caldera Anatolia

11:0071 11:20 coffee break

11:207 11:40Nobuo Geshi- Variation of eruption style toward caldera collapse: examples from AsoaAdra
Shikotsu calderas Japan

11:457 12:15Valerio Acocella- Unrest and magma transfer at calderas

12:201 12:40Alain Bonneville - The Newberry Volcano ICDP Project

12:4571 13:05Shanaka de Silva Resurgence and unrest after catastrophic caldera forming eruptions

13:107 14:10 lunch

14:107 14:30Elisabetta Erba - Priorities of the IODP Science Plan: hints and tips for implementing successful
drilling proposals

14:351 14:55Ulrich Harms - ICDP activities and Volcano Scientific Drilling

15:007 15:20Christopher Kilburn - Progressive unrest at Campi Flegrei caldera

15:25i1 15:45Claudio Scarpati: Campania Ignimbrite and NYT: products of large plinian calfenaing
eruptions and introdition to the Campi Flegrei field trip

15:501 16:10Maria Jose Jurado- Downhole measurements and borehole images contribution to the
understanding caldera evolution, structures and stress indicators. Examples from Campi Flegrei
and other scientific drilling projects in volcanic rocks

16:151 16:40 tea break

16:401 17:00Salvatore Passare A huge degassing structure between Campi Flegrei and Vesuvius: bas
composition, geometry, and mechanisms of formation

17:051 17:25Alfonsa Milia 1 tectonestratigraphic setting of the eastern Tyrrhenian margin: implications for the
Canpi Flegrei volcanic field

17:307 17:50Sandro Conticelli- The magmatism of the Italian Peninsula: constraints on genesis of magmas and
geodynamics.

17:551 18:15Lorenzo Fedele- A petrological overview of the Campi Flegrei volcanic district

18:201 18:30 Logistic information

19:007 20:00 wine tastin@ Hotel Costantinopoli 104/ia S. Maria di Costantinopoli, 104, Napoli
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26 February Field Trip to Campi Flegrei caldera- Day 2

Field trip GuidesPaola Petrosino & Claudio Scarpati

09:00 Bus leaves from Piazza Bovio , Napoli

09:0071 12:00 Stop 1 (CoroglieNisida); stop 2 $olfatara)

12:007 13:00i Lunch lunch bags and soft drinks

13:0071 17:00Stop3 (Averno); Stop 4 (Torregaveta); stop 5 (Pozzuoli)

17:30 Bus returns to PiazBavio, Napoli

27 February S. Domenico Maggioréntroduction and working groups/plenary session Day 3

Introduction

09:001 09:20Fabrizio Pepe- Stratal architecture and kinematic reconstruction of the Campi Flegrei calder
during the last 15 kipased on very highesolution single channel reflection seismics

134

09:251 09:45Lena Steinmann- Postcollapse evolution of the Campi Flegrei caldera since the Campanian
Ignimbrite eruption: insights from offshore multichannel reflection seismics

09:501 10:10Volkhard Spiessi Campi Flegrei IODP proposal: new site survey data

Working groups session

10:107 11:00 General discussion and creation of Workjrayups for the preparation of a draft amphibious
drilling proposal to be submitted to IODP/ICDP in October 2017/January 2018

11:007 11:20 coffee break

11:207 13:00 Plenary working groups meeting and planning

13:0071 14:00 lunch

14:0071 16:00 Working groups Meetings

16:0071 16:20 tea break

16:2071 17:00 Working groups Meetings

17:301 18:00 Working groups reports and plenary discussion
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28 February S. Domenico Maggiorentroduction and working groups/plenary session Day 4

Working groups session

09:001 11:00 Working groups Meetings

11:0071 11:30 coffee break

11:307 13:00 First draft of proposal by Working groups Meetings

13:0071 14:00 lunch

14:001 16:00 Feedbacks to Working groups Meetings on proposal drafting

16:0071 16:30 tea break

16:301 17:00 Second draft of proposal by Working groups Meetings

17:301 18:00 Plenary discussion

7. SUMMARY OF THE WORKSHOP ACTIVITIES

- Plenary session(25 February2017) had the purposef providing participants with a general
framework of the scientific themes related to explosreécanism and volcanic hazards in the
context of IODP and ICDP research priorities, with exampfesready existing projects based on
scientific drilling.

| 4
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Fig. 4. Participants in the MagellanPlus Workshop on Campi Flegrei Calfdddain Napoli, Italy (25
28 February 2017)
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- Field trip (26 February2017) consisted ob stops 1) Corogliocliff i Nisida Island; 2) Solfatara
Crater; 3)AvernoCrater Lake) Stop 4(Torregavetaliff); stop 5 (Pozzuoli).

Stop 1: Coroglio cliff i Nisida Island The aim of the stomt Coroglio cliff wasto visit a
representativeection of the Neapolitan YelloWwuff Formation(ca.15.0 ka) which unconformably
overlays a remnant of thieentaremi tuff rim (ca. 21.0 kapeawardthe uff-coneof Nisida Island
could be observed, as an example of &bge (ca3.7 ka) monogenic vent developed along the
structural bordeof the caldera

Stop 2: Solfatara @ter. It is a monogenic volcano resulting from the youngest phase of activity of
the Campi Flegrei (ca..8i7 3.6 ka), characterized by more than 15 explosive eruptions. The stop
includes a visit to the inner crater of the Solfatara, where significant hydrathexctivity and
active fumaroles is ongoing.

Stop 3:AvernoMaar Lake It is a smallvolcanoof hydromagmatic origin superimposed on an older
vent (Archiaverno tuff ring, ca. 11 kaJhis area was morphologically shaped by a number of
explosiveeruptions occurred during the Holoceiiée youngest event was the Averno2 (ca.i4.5
4.2 cal ka; Di Vito et al., 19990rsi et al., 200Q Due to the intense hydrothermal activity thad
characterized thplace ovelthe lastcenturies, Lake Averno was believed to be the entrance to the
hell for the Romans.

Fig. 5. Products of the Campa Ignimbrite Formation (ca.3®ky B.P.)exposed at the SW border of
the Campi Flegrei Calderé&dld trip stop 4:Torregaveta cliff.
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Stop 4: Torregaveta cliffLocatedin the WSW sectorof the Campi FlegreiTorregaveta cliff
exposesome of thaleposits of the CF caldera, including products from Procida and Ischia islands.
Here both the Neapolitan Yellow Tuff (ca. 15 ka) andghe o x i mal f aci es ( ABr ec
Campania Ignimbrite (ca. 39 kaye exposed in outcroffFig. 5). The productsof Campania
Ignimbrite formation are spread over a large area that encompasses the whole Campania region of
south Italy. Distal tephra associated with this eruption can be found as far as central Asia.

Stop 5: Pozzuoli. The stop in Pozzuoli included a iigo the old port of the modern town,
nowadays uplifted at ca. 3 m above thelseav e | and the Roman Macel |l ul
2000yearold Roman complex was partially submerged after construction, and subsequently
uplifted as a consequence of gnol deformation following by the late stage resurgence of the
Campi Flegrei inner caldera region.

- Thematic sessios (27-28 February2017) lasted two dayseach onencluding a first partof the
program dedicated tanvited presentations and a secopdrt addressed toworking groups
discussion and reports.

8. OUTCOMES OF THE WORKSHOP AND FUTURE PLANS

The workshop wasery successful indentifying fundamental questions, research approaches
and strategies to be addressed for an Amphibious Driffnogosal (ADP) dedicated to the Campi
Flegrei Caldera. As a result of the presentations and discugsias also recognized that the -CF
ICDP group made a significant progress between 2005 and 2012 in the understanding of the
volcanic stratigraphy, rociroperties and caldera formation, by the drilling of 2 pilot halesnely
500 m and 200 m deep), whereas thelOBP group, between 2008 and 2016, acquir¢e5800
km) dataset of seismic profildhat provided the potential for unprecedented spatial tentporal
resolution of a wholeesurgent caldera system.

Following the reports ofvorking groups severabeneralpoints has been afforded, concerning
the relevance, and in some aspects, the uniqueness of the Campi Flegrei Caldera as a scientific
drilling target with a significance in terms of global perspective.

8.1 Keyissues for an ADPdedicated to theCampi Flegrei Caldera

- Why drilling at Campi Flegrei ?

A CFis the one of the best examples on Earth of a young, resuhiginy explosive caldera
locatedat the marine/continent interface (between a bakkbasin margins and adjacent
fold and thrust belt) in shallow water (n@teanic) setting

Best candidateto reconstruct the magmatic histprgynamic evolution andtress

regimes of highly explosivevolcanic systems/calderasssociatedwith backarc

basin continental margsn

Best site to understand structure and evolutionatdera borders anidner caldera

resurgenc®y integrating onland ad offshore data;

Bestsiteto understandale/interaction okealevel vs. groundwatanfluence/forcing

for acaldera forming and evolution;

Primary siteto discriminate ragmatic vehydrothermal forcingn the mechanisrnof

caldera dynamics

Primary site to understand theelationships between fissure vs. central vent

eruptiors in the genesis of ignimbrite deposits

o Do Do Do
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A Ideal site tostudy mixed siliciclastievolcaniclastic systemis coastal volcanic areas
and understand depositional mechanisms of ignimbrtdts over coninental
shelves;

A Ideal natural laboratory foin-situ calibrationof caldera analogue and numerical
modeling

A It producedsome othe largest explosive eruptions in Europe during the Latest Quaternary

A Extremely high volcanic risk (densely populated area)

A Provides unique opportunity to install lotgrm borehole observatories to monitor
critical parametersard precursors of volcanic unrest;

A High potential for improving ritercalibration ofQuaternarychronology and ash
dispersal mapbasedon tephrochronologyf distalmarine and continental deposits;

A May provide new insights into the possible correlation betweenCtmapanian
Ignimbrite Eruption(ca. 39 ka) andumanevolution (declineof Neanderthals

A Ground deformation and volcanic unregtCF have beehistorically documented over the
last two millennia

A Assembling he presentlay location archeological indicators and markers to
integrate andmplementthe reconstruction of the caldera dynesnover the last
thousand years;

A Understandingthe causesand relations offlongtermd vs. fishorttermd caldera
dynamics

A Understanding the dynamics of past caldera eruptions to assess the hazard potential
of future eruptions

- Why amphibious drilling at Campi Flegrei?

A Need of combining informatioan the caldera deep structure and associated magmatic
hydrothernal systemgderiving froman ICDP action(deep continental drilling) with high
resolution data on the shallow structural levels of the caldera and its geological record
deriving froman IODP &ction (shallower offshore drillinggFig. 6).

A AOnsiase do-led) driliy Rrgets (3003500 m)
A PhysicalChemical parameters of the Geothermal System for the whole
depth

Stress measurements (size and direction) at depth

Mechanisms for magmaater interaction: Hydromagmatism and Control on

Unrest episodes

Permeability measurements at depth

Extrapolation of Temperatures in the Supercritical layer to detect the depth of

magmatic temperature

Determination of rheologicabehavior of deep rocks, with main focus on

viscous parameters

A f @shoreb a s e@D¥-leq) drilling targets Z00-1000m):

A Reconstruction of inner caldera stratigraphic architectuma depositional
systems of the caldera fitlown to caldera flogr
A Structural analysis of caldera borders

A Recanition of ignimbritic units offshorg

A

A

A

o DoDe Tolw

Reconstruction of the recent eruptivistbryby proximaloffshoredatg
Stratigraphic framework of distal tephra depgsits
Reconstruction and timing of resurgence epispdes
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A Reconstruction of the deformation (and other precursory) episodes associated
to the caldera forming eruptians

A Paleoenvironmental andajeoclimatic reconstructionof the stratigraphic
succession associated with the onset of volcgnism

A Need of complementing onshore data with the hégllution andoreservation potential of
the offshore geological record

A Need of using complementary morphobathymetric indicators to tredms
uplift/subsidence history;

A Need of marine drilling to understaritie significance of offshore hydrothermal
vents and/or shallow degassing structures composed of mobilized volcaniclastic
sediments vssubmarine monogenetic volcanoes;

A Advantage of relative sdavel changes record in constraining caldera evolution
history;

Need of continuous marine record to improve chronostratigraphy of volcanic events
onlandandunlock the evolution of the inner caldera resurgence

Need of continuous marine record to understand the climatic effects and
environmental impacts of large ignbritic eruptions and recovery of life after
deposition of major ignimbritic units and-agnimbritic ash falj

/
Campl Flegre!
Caldera . Vesuvius

Would likely be handled as a
MSP (ECORD) expedition
on the I0DP side

(V‘.‘v

~ Y
N .

Fig.6.Location of the planned AAmphibious Drilling Pr
Campi Flegrearea (NW Napoli Bay).
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- Open questions

o PoToToPoToToIoITo o ToTo o  ToToToTIoTo  TIxIo

When did the Campi Flegreolcanic history really start?

What is the relation between Campi Flegrei and ignimbrite volcanism earlier than the
Campanian Ignimbrite?

Did the preCl ignimbritesoriginatefrom Campi Flegrei?

Where actually CI supegruption originated, and did it form the first Campi Flegrei caldera?
What are depositional mechanisms of ignimbrite flow units over continental shelves?

What have been the environmental consequences of ignimblg@nism in Campania?

What is the nature and significance of offshore shallow degassing structures composed of
mobilized volcaniclastic sediments/submarine monogenetic volcanoes?

What is the complete distal record of major eruption associated with thei Ekgrei?

Why did Campi Flegrei form a large caldera?

Is the syn and postcollapse surface deformation confirmed by the architecture of the ring
fault system?

Is the existence of a subcirculealdera and associated magma at depth, a necessary and
sufficient condition to explain the onset and evolution of ground deformation?

How are magma and fluids transported to shallow depths?

How do intrusions and hydrothermal system contribute to defaynfati

Can longterm evolution constrain evaluation of shtetm hazards (an vieeersa)?

What drivedong-termresurgence

How does resurgence occur (times, rates, conditions)?

What drivesshorttermunres®?

Are resurgence and unrestate® If yes, how?

How the syr and postcollapse surfacdeformation isconfirmed by the architecture of the
ring-fault system?

Can thefluid transportatiormodes(hydrothermal and also magma) from their storage to the
shallow, reflect the differences betweedifferent faulting styleswithin the main caldera
ring-fault system?

Fig. 7. Structural levels involved by the formation of the Campi Flegrei Caldera.
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