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Fig. 5.5: E-W trending multichannel seismic profile GeoB08-026, showing the main marine
units (M1-M4), volcanic unit V1 (shaded grey) and ascending gases/fluids (dotted dark red
line). Dotted black lines indicate intersections with profiles GeoB08-044 and GeoB08-036. (A)
shows the uninterpreted section and (B) shows the interpreted section. (a), (b) and (c) show

close-ups of the shallow gas/fluid-enriched zones. For profile location see Figure 5.1.
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Fig. 5.6: N-S trending profile GeoB08-029, showing the main seismic units (M1-M4), volcanic
unit V3 (shaded grey), ascending gases/fluids (dotted dark red line) and NYT caldera fault
(solid red line). For profile location see Figure 5.1.

Seismic unit M3 (Marine 3)
M3 is located between unconformity U3 at its base and U4 at its top. The units V2 and

V3 are interbedded in M3 and associated with two pronounced thickness maxima of~106
m and ~77 m located offshore Nisida Island and Capo Miseno, respectively (Fig. 5.7-C).
V2 and V3 are characterized by low amplitude reflections with interbedded high-
amplitude patches, low lateral continuity and contorted configuration (Figs. 5.3, 5.6).
Both units show an overall mounded morphology. On top of V2 and V3, unconformity
U4 is irregular with local topographic highs (Figs. 5.3, 5.6). V2 and V3 were interpreted
as pyroclastic flow related to the Nisida Island and Capo Miseno eruptions, respectively.
The estimated volume of V2 is 0.15 km? and this unit extends over a total area of 3.7
km?2. V3 has a total volume of 0.1 km? and covers an area of ~5.1 km?2. Excluding V2 and
V3, the mean thickness of M3 is relatively minor with ~5 m. In the central part of the
Gulf of Pozzuoli, the reflection of M3 onlap on the underlying unconformity U3 (Fig.
5.2), thereby leading to the absence of unit M3 and the merging of U3 and U4 (Fig. 5.7-
C). As previously described for unit M2, this area corresponds to upward-bending
reflections in the seismic and a dome-shaped high of unconformity Ul (Fig. 5.4),
correlating with the location of the resurgent dome (Fig. 5.1). Another minor thickness
decrease (Fig. 5.7-C), associated with onlap reflection termination and upward-bending
reflections, can be seen offshore Bacoli, which again corresponds to the Punta Pennata
anticline (Figs. 5.1, 5.4, 5.6).
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Fig. 5.7: Isochore maps of the main seismic units (M1-M4) illustrating centres of deposition

(dark red) and non-deposition (dark blue).

Seismic unit M4 (Marine 4)

The uppermost unit M4 lies between the unconformity U4 at its base and the seafloor. A

wedge-shaped subunit (M4.1), confined by unconformity U5 at its base, is present locally
in the northern coastal part of the Gulf of Pozzuoli (Fig. 5.2). The mean thickness of M4

is ~5 m, while maximum values of ~32 m can be observed offshore Capo Miseno (Fig.
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5.7-D). In that place, M4 lies above the irregular upper boundary of V3 (U4) (Fig. 5.6),
filling up topographic depression in unconformity U4 and leading to a smoothed seafloor
morphology. Offshore Bagnoli, we can observe an elongated structure with increased
sediment thickness, corresponding to a sigmoidal prograding clinoform in the seismic
section (Fig. 5.7-D). Similar as observed for M2 and M3, a minor curved thickness
decrease can be observed offshore Bacoli (Fig. 5.7-D), corresponding in the seismic
section to onlapping reflections associated with the Punta Pennata anticline (Fig. 5.1,
5.6).

5.5 Discussion

We propose that the marine unit M1 deposited in the in the course of rapid sea-level rise
(11.5 m/ka) between 15 to 8.6 ka, which includes volcanic epoch I (15-9.5 ka). Marine
unit M2 likely deposited in the time-span from ~8.6 to 5 ka, comprising volcanic epoch 11
(8.6 — 8.2 ka). This time was characterized by moderate sea-level rise (~4 m/ka) and
intensified resurgence-related uplift, which resulted in the formation of an intra-caldera
resurgent dome. Between ~5 and 3.7 ka, when sea-level rise was minor (~1 m/ka) and
uplift related to caldera resurgence exceeded the rate of sea-level rise once more, marine
unit M3 deposited. The uppermost unit M4 probably deposited since 3.7 ka, a time-span
characterized by volcanic quiescence and post-Roman subsidence (<2 ka). A detailed
stratigraphic analysis and the main age-defining markers are outlined in section 5.5.1 and

summarized in Fig. 5.8.

5.5.1 Seismostratigraphic framework

The marine unconformity Ul represents an erosional surface probably formed by a
succession of erosive processes occurring (1) in a shoreline setting during sea-level fall, (2)
under subaerial conditions during the Last Glacial Maximum (LGM) lowstand, and (3)
in a coastal environment during the early phase of sea-level rise. Hence, Ul was probably
formed between 18 and 15 ka, thereby marking the onset of rapid sea-level rise and of the
deposition of marine unit M1 (Fig. 5.8). Ul shows a clear erosive character along the
present-day location of the Dohrn Canyon, indicating its activity at the time of the
formation of Ul. Ul corresponds to unconformity U2 as described by Steinmann et al.
(Chapter 4) and, thus, also forms the top of the NYT, which erupted at 15 ka. Ul is
significantly displaced towards the centre of the Gulf of Pozzuoli along an arc-shaped
boundary (Figs. 5.2, 5.4, 5.7). This vertical offset correlates with a thickness maximum of
the overlying marine unit M1 and was interpreted as the NYT caldera fault, which
downthrows the central part of the Gulf of Pozzuoli, thereby creating significant
accommodation space in the caldera depression. In the course of transgression after the

NYT caldera collapse, the available accommodation space is rapidly filled up with on
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average ~61 m thick marine sediments (M1). Another local thickness increase of M1 can
be found offshore Porto Miseno (Fig. 5.7-A). This could possibly be related to enhanced
sediment input after the Porto Miseno eruption at 11.8 £+ 0.9 ka (Di Renzo et al., 2011),
which occurred in close vicinity. However, no seismoacoustic evidence (i.e. reflection-free
facies, chaotic reflection configuration) for the submarine deposition of a pyroclastic flow

deposit related to that eruption could be found.
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Fig. 5.8:Graphical summary of main stratigraphic markers (unconformities U1-U5) and
depositional units (seismic units M1-M4) in correlation with sea-level rise. In red, we indicated
the three main volcanic epochs: ve I=volcanic epoch I (15-9.5 ka), ve II=volcanic epoch II
(8.6-8.2 ka), ve III=volcanic epoch III (4.8-3.7 ka). The relative sea-level curve was adapted
from Lambeck et al. (2011).

The marine unconformity U2 separates marine unit M1 from M2 and likely developed at
the beginning of volcanic epoch II at ~8.6 ka when uplift related to caldera resurgence
exceeded the rate of sea-level rise, thereby forming a broad resurgent dome in the intra-
caldera area (Figs. 5.1, 5.4, 5.8) (Sacchi et al., 2014, Chapter 4). Consequently, the
accommodation space on the most uplifted part was limited, which led to the formation
of the observed onlap reflection termination and thickness minimum of the overlying unit
M2 (Figs. 5.2, 5.7-B). Furthermore, a curved thickness minimum can be observed

offshore Bacoli (Fig. 5.7-B, -C), which corresponds to onlapping reflection termination in
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the seismic section and was attributed to limitation of accommodation space due to the
onset of uplift at the Punta Pennata fold. Seismic unit V1, which corresponds to the
volcanic cone of the Nisida Bank, is stratigraphically located between Ul and U2 (Fig.
5.3, 5.5). Based on an investigation of the relative stratigraphic position of tephra layers,
the age of Nisida bank was previously estimated between 10.3 and 9.5 ka (volcanic epoch
I) (Di Vito et al., 1999), which is in agreement with our age constraint from the seismic
data (15 — 8.6 ka). The downslope transport through the Dohrn Canyon was probably
limited by the formation of the Nisida tuff cone in its head. This is also evident in the
seismics, as the overlying unconformities U2-U4 do not show a distinct erosive character
in the vicinity of the Dohrn Canyon (Fig. 5.5).Using an average magma density of 2.3
kg/m? (Wohletz et al., 1999) and tuff density of 1.3 kg/m?® (Heap et al., 2014), we
estimated the Dense-Rock Equivalent (DRE) volume for seismic unit V1 (0.14 km?)
(Table 5.1). According to the Volcanic Explosivity Index (VEI), the Nisida Bank
eruption may be categorized as large-scale eruption (VEI = 4) (Newhall and Self, 1982).
Prior to volcanic epoch II at ~5 ka, when the La Starza terrace was ultimately emerged
as consequence of a second phase of resurgence-related uplift exceeding sea-level, the
marine unconformity U3 was formed (Fig. 5.8). Hence, the accommodation space on top
of the resurgent dome was once more significantly reduced, leading to the development of
onlap reflection termination and thickness minimum of the overlying unit M2 (Fig. 5.2,
5.7-B).

The marine unconformity U4 marks the top of volcanic deposits V2 and V3, which were
interpreted as pyroclastic flow deposits related to the Nisida Island and the Capo Miseno
eruptions, respectively. Based on our seismostratigraphic approach, we can already infer
that V2 and V3 probably deposited in the course of volcanic epoch III (4.8 — 3.7 ka).
This finding supports the proposed age from Di Renzo et al. (2011) (3.7 £ 0.5 ka for
Capo Miseno, 3.98 + 0.53 ka for Nisida Island), Fedele et al. (2011) (3.92 £ 0.09 ka for
Nisida Island), Sacchi et al. (2014) (3.9 £+ 0.06 ka for Capo Miseno) and Di Girolamo et
al. (1984) (~4 ka for Capo Miseno), while excluding the ages from Insinga et al. (2006)
(5.1 £ 0.1 ka for Capo Miseno) and Di Vito et al. (1999) (volcanic epoch I for Capo
Miseno and Nisida Island). With respect to the proposed ages from literature, we
assigned unconformity U4 an age of 3.7 ka, thereby marking the termination of volcanic
epoch III (Fig. 5.8). At the time of the Capo Miseno and Nisida cone eruption, sea level
was located between 2.5 and 2.7 mbpsl (Fig. 5.8). As the pyroclastic flow deposit of both
eruptions (V2, V3) were found in water depth of up to 100 m, we assume that the
pyroclastic flow entered the sea and, thus, depositing under marine conditions. The total
DRE volume of both eruptions was estimated using the calculated offshore DRE volume
and published estimations of the onshore DRE volume (Table 5.1). The Nisida Island

eruption has a total DRE volume of ~0.1 km? and, thus, may also be categorized as

108



Chapter 5: 3D post-collapse evolution of the Campi Flegrei caldera

the formation of a depocenter offshore. The formation of Nisida Bank (~10 ka) in the
head of the Dohrn Canyon inhibits down-canyon transport. The interplay of sea-level rise
and previous subsidence of the caldera depression created significant accommodation
space in the depression, which was rapidly filled by the deposition of marine Unit M2
(cf). Furthermore, a prograding wedge developed along the bathymetric highs of the

submarine Miseno and Penta Palummo Bank.

Stage 3 (8.6 — 5 ka) (Fig. 5.11-C)
During Stage 3, sea-level rose less significantly from 19 mbpsl to 4 mbpsl (4 m/ka) (Fig.

5.8), leading to a landward retreat of the shoreline outside of the caldera structure. The
onshore domain was dominated by six magmatic to phreatomagmatic eruptions. At the
beginning of Stage 3 between 8.6 and 8.2 ka (Di Vito et al., 1999), the La Starza terrace
was temporarily emerged due to resurgence-related uplift rates increasing the rate of sea-
level rise. Consequently, the accommodation space on the resurgence dome was limited,
leading to only minor sedimentation and the development of marine unconformity U3.
Moreover, the Punta Pennata fold was activated leading to the formation of the arch-

shaped Punta Pennata anticline along the submerged south-eastern caldera margin.

Stage 4 (5 — 3.7 ka) (Fig. 5.11-D)

This timespan was characterized by minor sea-level rise from 4 mbpsl to 2.7 mbpsl (Fig.

5.8) accompanied by a minor landward displacement of the shoreline in the extra-caldera
area. The intra-caldera area underwent ongoing uplift due to resurgence, resulting in the
ultimate emersion of the La Starza terrace at the beginning of volcanic epoch III (~ 5 ka)
and the development of unconformity U4. The Bagnoli Plain was still submerged as
evident by marine deposition overlying the volcanic deposits of epoch III in borehole
observations (Di Vito et al., 1999). In the course of the nearshore Capo Miseno eruption
at ~3.7 ka and the Nisida Island eruption at ~3.98 ka, thick pyroclastic flows entered the
sea and deposited on the seafloor, covering an area of 5.1 km? and 3.7 km?, respectively.

During Stage 4, the Punta Pennata fold was still active.

Stage 5 (3.7 ka — present) (Fig. 5.11-E)

During Stage 5, sea-level rose insignificantly from 2.7 mbpsl to present day conditions

(Fig. 5.8). Probably between 3.7 and 2 ka, an infralittoral prograding wedge (pw)
developed, which has subsided by 5-25 m as consequence of coastal subsidence during the
past ~2 kyrs. Post-Roman coastal subsidence led to the creation of accommodation space,
which was filled by a coastal prograding wedge (cw, i.e. M4.1) during the past ~2 ka. The

Punta Pennata fold was still active during Stage 5.
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5.6 Conclusions

A semi-3D grid of high-resolution multichannel seismic data provided comprehensive
insights into the post-collapse evolution of the Campi Flegrei caldera since the NYT
eruption at ~15 ka. Based on an integrated analysis of the here presented seismic data
and previously published borehole data, a novel 3D model, illustrating post-collapse
deposition in response to sea-level variations and volcano-tectonic activity, was
established.

Four major sedimentary units (M1-M4) deposited in the course of sea-level rise and three
main volcanoclastic units, related to the Nisida Bank (V1), the Nisida Island (V2) and
the Capo Miseno (V3) eruptions, could be identified in the seismic data. The ages of the
volcanic units could be constrained based on a seismostratigraphic approach, thereby
supporting previously proposed values from Di Vito et al. (1999) for the Nisida Bank
(10.3-9.5 ka) and from Di Renzo et al. (2011) for the Capo Miseno (3.7 ka) and Nisida
Island (3.98 ka) eruptions. The Nisida Bank, which is entirely submarine, has a total
DRE volume of 0.14 km3, indicating a large-scale eruption. The Nisida Island and Capo
Miseno units represent pyroclastic flow deposits that entered the sea and deposited under
marine condition. Hence, they only represent a portion of the overall erupted material.
The estimated total DRE volume of the Nisida Island and Capo Miseno eruptions yields
values of 0.10 km? and 0.08 km3, respectively. This indicates that the Nisida Island
eruption was of (at least) large scale, while the Capo Miseno eruption was of (at least)
moderate scale.

Based on the seismic data, major structural features such as an arc-shaped shallow NYT
caldera fault, the Punta Pennata anticline and a resurgent dome in the intra-caldera area
could be mapped in detail. Our results suggest that the NYT caldera depression is filled
with on average ~61 m thick marine sediments, deposited between 15 and 8.6 ka.
Moreover, we found evidence that the NYT caldera fault acts as pathway for the post-
collapse ascent of gases/fluids, probably originating from a previously hypothesized
shallow hydrothermal system. The presence of shallow gas/fluid-rich patches south of the
NYT caldera fault indicates the existence of a deeper fracture zone probably related to
the Campanian Ignimbrite caldera collapse at ~39 ka. As these gas/fluid-rich zones are
located in the uppermost marine unit (M4), we inferred that the ascent has occurred
relatively recent (<3.7 ka).

In the timespan from 8.6 to 3.7 ka, the depositional environment in the offshore sector of
the Campi Flegrei caldera was mainly influenced by the development of a post-collapse
resurgent dome in the intra-caldera area. As result of resurgence-related uplift exceeding
the rate of sea-level rise, major unconformities developed and the accommodation space
on top of the resurgent dome was significantly limited. Furthermore, the Punta Pennata

fold has been active since 8.6 ka, leading to local uplift and limitation of accommodation

114



Chapter 5: 3D post-collapse evolution of the Campi Flegrei caldera

space. Between 3.7 and 2 ka, an infralittoral prograding wedge developed in the coastal
shallow water. Furthermore, coastal erosion took place in water depth of <20 m, leading
to the formation of a local erosional unconformity. Since 2 ka, the coastal area of the
Gulf of Pozzuoli has undergone post-Roman subsidence of 3-25 m. Consequently,

accommodation space was created and a coastal prograding wedge has deposited.
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Chapter 6

6 Conclusions and Outlook

Within this thesis, multichannel reflection seismic data from the Campi Flegrei caldera
(southern Ttaly) were utilized as a unique example to investigate the formation and
evolution of large collapse calderas. Such calderas are associated with the most
destructive and violent type of volcanic activity, and are capable of triggering
catastrophes in the same order of magnitude as giant meteorite impacts. Consequently,
caldera-forming eruptions can have — and have had — devastating socioeconomic impacts
and also severe effects on the global climate (Self, 2015). Comprehending past caldera-
forming events constitutes a first step towards improving our understanding of present-
day volcanism and towards assessing the full hazard potential of future eruptions.

This main aim of this thesis was to significantly improve the overall knowledge of caldera
volcanism by investigating (1) the link between regional tectonism and volcanic activity,
(2) caldera-formation mechanisms, and (3) post-caldera volcano-tectonic processes at the
world’s most active caldera, the Campi Flegrei caldera located in southern Italy (De
Natale et al., 2006). The Campi Flegrei caldera is among the highest volcanic risk areas
on Earth due to its history of large-scale explosive eruptions, its ongoing episodes of
unrest, and the population density of its direct surroundings, with nearly 2.5 million
people living in its close vicinity (De Natale et al., 2006; Ricci et al., 2013). These
characteristics highlight a strong need for understanding the Campi Flegrei caldera’s
genesis and evolution.

The database of this thesis is a hitherto novel set of multichannel reflection seismic data,
which were utilized to examine the offshore portion of the Campi Flegrei caldera as well
as the greater vicinity of the Gulf of Naples. Within the framework of this thesis, the first
semi-3D multichannel seismic investigation of a large-collapse caldera was presented,
providing novel insights on the origin and post-caldera evolution of the Campi Flegrei
caldera. In this respect, the current thesis underlined the excellent suitability of
multichannel reflection seismics in exploring subsurface structures of (partly) submerged
calderas across the planet, such as the Santorini caldera (Greece), the Toba caldera
(Indonesia), and the Kikai caldera (Japan). Additionally, the dataset was acquired as
pre-site survey for a joint IODP/ICDP campaign.

The main findings of this work were presented in three standalone research manuscripts
(Chapters 3 — 5). Chapter 3 focused on the tectono-sedimentary development of the Gulf
of Naples over a long time span of one million years. In Chapter 4 and 5 the focus was

shifted towards the Campi Flegrei caldera, with Chapter 4 mainly dealing with the
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caldera genesis, and Chapter 5 outlining the post-caldera evolution. The main outcomes

of these three manuscripts are synthesised in the following sections.

6.1 Tectono-sedimentary processes in the Gulf of Naples

Chapter 3 discussed the regional tectonic setting and explored the interaction between
fault activity and volcanism at the Campi Flegrei Volcanic Zone (CVZ) and the Somma-
Vesuvius. More specifically, it investigated the tectono-sedimentary evolution of the Gulf
of Naples half-graben during the last million years in new detail. The chapter revealed
two tectonically active periods leading to the main subsidence of the half-graben (1)
between 1 and 0.40 Ma and (2) between 0.14 to 0.02 Ma. In contrast, the timespans
between 0.40 and 0.14 Ma and from 0.02 Ma onwards have been periods of tectonic
stability. The onset of increased tectonic activity at 0.14 Ma is approximately coincident
with the initiation of intense volcanism in the CVZ and at the Somma-Vesuvius. This
observation strongly suggests a close linkage between tectonism and volcanism.
Therefore, tectonic and volcanic activities since 0.14 Ma were interpreted as being related
to the reactivation of major normal faults. In the CVZ, the reactivation of a NE-SW-
trending fault probably led to tectonic subsidence of the half graben, thereby facilitating
the ascent of magma and, thus, eruptions. This suggests that the large-scale CI eruption
at 39 ka was triggered by regional tectonism. At the Somma-Vesuvius, the reactivation of
a NW-SE trending fault probably led to additional subsidence as well as eruptions.
However, since 0.02 Ma, and thus including the NYT eruption at 15 ka, there is no
evidence of major subsidence in the Gulf of Naples, which may either indicate that the
tectonic control on eruption mechanisms merely played a minor role during that time
span, or that the seismic data were not able to resolve subsidence during this relatively
short time interval.

This above described interaction between deposition, tectonism and volcanism was
presented in a comprehensive 3D model outlining the spatial and temporal evolution of
the Gulf of Naples half-graben basin during the past one million years (Fig. 3.9). This
new model represents an important contribution towards understanding the tectonic

development of the area as well at its link to local volcanism.

6.2 The origin of the Campi Flegrei caldera

In Chapter 4, the strongly debated origin of the Campi Flegrei caldera (nested vs. single
caldera) was investigated utilizing selected high-resolution multichannel seismic profiles.
For the first time, high-resolution reflection seismic data were able to reveal the presence
of a nested-caldera complex formed during two collapses related to the CI eruption at
~39 ka and the more recent NYT eruption at ~15 ka. An inner-caldera ring-fault
separating the caldera margin from the caldera depression was clearly imaged. In the

Eastern and Western sections of the caldera margin, this fault was already activated
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during the CI eruption. However, at the Southern caldera margin, the fault was only
associated with the smaller NY'T collapse, with the CI fracture zone being assumed to lie
further South and at greater depths (Chapter 5). The NYT caldera seems to have been
formed in the course of an asymmetrical, piecemeal-like collapse with variable amounts of
subsidence with a maximum subsidence of ~75 m in the offshore portion. In contrast, the
CI caldera collapse was probably in the range from several hundreds of meters to a few
kilometres.

The genesis and evolution of the Campi Flegrei caldera with respect to the above
described collapse history and post-collapse caldera resurgence was presented in a novel
conceptual model (Fig. 4.7). This model outlines the formation of a nested-caldera system
and should be applicable to other caldera settings. Hence, the findings presented in
Chapter 4 may be regarded as a significant advancement towards a better understanding
of the Campi Flegrei caldera in particular, as well as the formation of nested calderas in

general.

6.3 Post-collapse processes and deposition at the Campi Flegrei

caldera

In Chapter 5, the caldera evolution since the NYT eruption at 15 ka was investigated
utilizing a semi-3D high-resolution multichannel seismic dataset. This study represents
the first 3D analysis of a submerged caldera setting, its structure and infill deposits. The
high spatial data coverage in combination with high-vertical resolution allowed for a
comprehensive examination of the depositional environment, as well as the assessment of
the volume of post-collapse eruptions. As main outcome, a novel 3D model (Fig. 5.11),
illustrating post-collapse deposition in response to sea-level variations and volcano-
tectonic activity, was established based on an integrated analysis of the presented
multichannel seismic data and previously published borehole data.

The 3D-investigative effort enabled the imaging of the NYT caldera structure, which was
strongly modified in the post-collapse phase by caldera resurgence, post-caldera
volcanism, local tectonic uplift, and sea-level variations. It indicated that the NYT
caldera is bounded by an arc-shaped ring-fault, which correspond to the same ring-fault
as described in Chapter 4. The caldera depression acted as significant accommodation
space in the post-collapse phase and is filled with an on average 61-m thick sequence of
marine and reworked volcanoclastic sediments that was deposited between 15 and 8.6 ka.
Since ~8.6 ka, the depositional environment was mainly influenced by caldera resurgence,
thereby limiting the accommodation space on the uplifted resurgent dome. At ~5 ka,
resurgence-related uplift ultimately led to the emersion of the northern part of the
caldera depression. Before that time, the majority of the caldera depression was

submerged.
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The 3D aspect of the dataset allowed for a new assessment of post-caldera eruption
volumes of major volcanoclastic units identified in the offshore sector of the caldera. The
erupted volume of the submarine Nisida Bank was estimated to be ~0.14 km? (DRE),
leading to the conclusion that the Nisida Bank eruption represents a large-scale eruption
according to the Volcanic Explosivity Index (VEI=4). The estimated total DRE volumes
(onshore and offshore) of the Nisida Island and Capo Miseno eruptions yielded values of
0.10 km? and 0.08 km3, respectively. This indicates that the Nisida Island eruption was
also of (at least) large scale (VEI=4), while the Capo Miseno eruption was of (at least)
moderate scale (VEI=3). These values substantially outnumber estimations of previous
studies, which only considered the onshore deposits of these eruptions (Di Renzo et al.,
2011) and thereby underestimated the overall amount of erupted material and the
explosive magnitude of the eruptions. Therefore, the findings of Chapter 5 significantly
improve the understanding of the post-caldera volcanic activity by showing that some
eruptions might have been considerably larger and more devastating than previously
estimated. Moreover, the combination of a seismostratigraphic approach and previously

published data, allowed for advanced constraining the eruption chronology.

6.4 Hydrothermalism at the Campi Flegrei caldera

Previous studies proposed that the source of the recent short-term episodes of unrest at
the Campi Flegrei caldera may be associated with fluid migration related to a
hypothesized shallow (<2 km) hydrothermal system (Lima et al., 2009; Chiodini et al.,
2015). In Chapter 5, the influence of hydrothermalism on the offshore sector of the
Campi Flegrei caldera was investigated in order to test this hypothesis.

Based on a spatial mapping of shallow amplitude anomalies interpreted as gas/fluid-
enriched patches, it could be inferred that the NYT caldera fault acts as a pathway for
the ascent of hydrothermal gases/fluids likely originating from the hypothesized
hydrothermal aquifer. Therefore, these gases/fluids can be regarded as shallow expression
of a deeper hydrothermal aquifer (<2 km). However, given that the majority of
gases/fluid-rich zones are located further south of the NYT caldera fault, these zones
were interpreted as being indicative of a deep-seated fracture zone probably related to
the CI caldera collapse at 39 ka. Additionally, as these gases and/or fluids are located at
very shallow depths below the seafloor, it was concluded that the fluid migration has
occurred relatively recently (<3.7 ka) and may still be ongoing.

These findings verified modelling results, which indicated that major faults may act as
conduits for the ascent of high-temperature fluids (Jasim et al., 2015). Furthermore, they
support and update the hypotheses of the existence of a shallow hydrothermal system by

showing clear evidence for recent hydrothermal activity in the offshore sector of the
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Campi Flegrei caldera, which in return indirectly strengthens the theory of

hydrothermalism be the driving force for the phases of recent unrest.

6.5 Outlook

This thesis may be regarded as a significant advancement in the overall understanding of
the genesis and evolution of the Campi Flegrei caldera as well as the tectonic formation

of the Gulf of Naples half-graben basin.

Nevertheless, further research is still required to be able to answer the following
questions:
- What is the maximum vertical extent of the CI caldera? And what is the
appearance of its deep-seated architecture and the volcanic roots?
- Did any other large-scale ignimbritic eruption occur in the Campi Flegrei area
prior the CI eruption?
- What is the appearance of the hydrothermal system at greater depths?
- What is the link between the hydrothermal and magmatic systems in generating
unrest episodes? And do the ongoing episodes of unrest represent eruption

precursors?

In order to investigate these questions, a joint IODP/ICDP approach was initiated and
new seismic data were acquired. In particular, the interaction between shallow
hydrothermalism and deeper magmatic activity shall be examined in order to understand
their contribution to the ongoing unrest episodes. In that respect, it is of high priority to
find out whether the unrest episodes may be related to changes in the magmatic system,
which could be interpreted as eruption precursors. Understanding the ongoing unrest
episodes is of paramount importance for the reliable assessment of the hazard potential of
the Campi Flegrei area. While the ICDP drilling (Campi Flegrei Deep Drilling Project,
CFDDP) successfully finished the 500-m long pilot hole drilling in December 2012, an
associated IODP drilling is still in the pre-proposal stage (671-pre/-pre2).

The high-resolution seismic data presented in this thesis, in combination with a new 3D
grid (25-50 m spacing) of low-frequency data (central frequency 50 Hz) that was acquired
in January/February 2016 (Fig. 6.1), acts as pre-site survey for the combined
IODP/ICDP drilling campaign. The signal penetration of the low-frequency seismic data
achieved the IODP target depth of maximally 2 km. Hence, they are suitable to
reactivate the IODP proposal as well as to guide a diverted ICDP drilling into the centre
of the Gulf of Pozzuoli. The objectives, drilling strategies as well as the positioning of
new IODP drill sites will also be further discussed and refined during a Magellan

workshop planned for early 2017.
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Fig. 6.1: Overview map of all the GeoB16 profiles acquired in the Gulf of Naples and the Gulf

of Pozzuoli. The semi-3D grid has a profile spacing of 25 to 50 m.

In detail, the low-frequency seismic data allow for an imaging of hydrothermally altered
zones (visible as amplitude anomalies) and deep-seated fluid pathways (fault mapping),
thereby providing crucial information on the existence and location of a hypothesised
hydrothermal system. Moreover, they allow for the identification of volcanic feeder-dikes
(zones of acoustic blanking below volcanic features). Furthermore, the data permit an
extension of the stratigraphic concept into greater depths, which would significantly
contribute to the understanding of the volcanological history prior the CI event at 39 ka.
In addition to being recorded with a seismic streamer, the GIl-gun shots were also
recorded by onshore and offshore earthquake monitoring seismometers of the
Osservatorio Vesuviano (part of INGV) and OBS systems deployed on the floor of the
Gulf of Pozzuoli. This offers the opportunity to integrate a velocity profile with the
reflection seismic data, thereby providing crucial insights on the lithology of adjacent
deposits. For instance, based on this approach, additional validity could be added to the
seismic data interpretation, high-velocity features such as intrusions could be
distinguished from volcanoclastic or marine sediments, and it would be possible to gain

information on the nature of zones of acoustic blanking.
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