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The Baia – Fondi di Baia eruption is one of the sporadic events that have occurred in the 26 

western sector of the Campi Flegrei caldera. It dates back to 9525–9696 BP, and opened 27 

Epoch 2 of the caldera activity after a 1000 year-long period of quiescence. Although 28 

relatively small in terms of erupted volume with respect to most of the events of the past 15 29 

ka, the Baia – Fondi di Baia eruption was characterized by a complex series of events, which 30 

have led to different interpretations in the literature. We present a detailed stratigraphic study 31 

of 40 outcrops in a sector of about 90 km2, coupled with sedimentological (grain-size, 32 

componentry), physical (density, vesicularity), textural, and compositional analyses of the 33 

erupted deposits. Based on these data, we interpret the stratigraphic succession as being 34 

related to two distinct eruptive episodes (Baia and Fondi di Baia). These were separated by a 35 

short time interval, and each was characterized by different eruptive phases. The Baia eruptive 36 

episode started in a shallow-water environment with an explosive vent-opening phase that 37 

formed a breccia deposit (Unit I), rapidly followed by alternating fallout activity and dense, 38 

pyroclastic density current deposits generation (Unit II). Sedimentological features and 39 

pumice textural analyses suggest that deposition of Unit II coincided with the intensity peak 40 

of the eruption, with the fallout deposit being characterized by a volume of 0.06±0.008 km3 41 

(corresponding to a total erupted mass of 4.06±0.5 × 1010 kg), a column height of 17 km and a 42 

corresponding mass flow rate of 1.8 × 107 kg s-1. The associated tephra also shows the highest 43 

vesicularity (up to 81 vol.%), the highest vesicle number density (1.01 × 108 cm-3) and 44 

decompression rate (0.69 MPa s-1). This peak phase waned to turbulent, surge-like activity 45 

possibly associated with Vulcanian explosions and characterized by progressively lower 46 

intensity, as shown by density/vesicularity and textural properties of the erupted juvenile 47 

material (Unit III). This first eruptive episode was followed by a short quiescence, interrupted 48 

by the onset of a second eruptive episode (Fondi di Baia) whose vent opening deposited a 49 

breccia bed (Unit IV) which at some key outcrops directly overlies the fallout deposit of Unit 50 

II. The final phase of the Fondi di Baia episode strongly resembles Unit II, although 51 
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sedimentological (presence of obsidian clasts which are absent in the Baia deposits), and 52 

textural (lower vesicularity, vesicle number density and decompression rate values) features, 53 

together with a more limited dispersal, suggest that this phase of the eruption had a lower 54 

intensity. The large range of groundmass glass compositions, associated with variable 55 

proportions of highly (phonolitic-trachytic) and mildly (tephriphonolitic-latitic) evolved end-56 

members in the products erupted during the two episodes, also suggests that these eruptive 57 

episodes were fed by at least two different magma batches that interacted during the different 58 

phases, with an increase of tephriphonolitic-latitic magma occurring during the Fondi di Baia 59 

stage. 60 

 61 

1. Introduction 62 

The Campi Flegrei caldera (CFc) is located in Southern Italy, in the western part of the 63 

densely populated (~1.5 million people) area of the Bay of Naples. The caldera is the result of 64 

two main eruptive events, the Campanian Ignimbrite (CI, 39.8 ka BP, Giaccio et al. 2017) 65 

which erupted at least 200 km³ of trachytic to phono-trachytic magma (e.g. Civetta et al. 66 

1997; Smith et al. 2016), and the Neapolitan Yellow Tuff (NYT, 15 ka BP, Deino et al. 2004) 67 

which was characterized by the emplacement of 40 km³ of latitic to trachytic magma (Orsi et 68 

al. 1992, 1995; Scarpati et al. 1993; Wohletz et al. 1995). The eruptions of the post-NYT 69 

period were confined within the structural boundaries of the caldera and comprised at least 70 70 

known events (Di Renzo et al. 2011), dominated by low- to medium-magnitude 71 

phreatomagmatic-magmatic eruptions with volumes of <0.1 km³ (Di Renzo et al. 2011; Orsi 72 

et al. 1995; Smith et al. 2011). The 70 post-NYT eruptions are grouped into three eruptive 73 

epochs, separated by periods of quiescence: Epoch 1 (15.0–10.6 ka BP), Epoch 2 (9.6–9.1 ka 74 

BP), and Epoch 3 (5.5–3.5 ka BP) (Di Vito et al. 1999; Isaia et al. 2009, Smith et al. 2011). 75 

The most recent event was the Monte Nuovo eruption of 1538 AD (Guidoboni and 76 

Ciuccarelli, 2011; D’Oriano et al. 2005). Positions of eruptive vents vary through the three 77 
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epochs (Bevilacqua et al. 2015). During Epoch 1 vents were mainly aligned along the 78 

structural boundaries of the NYT caldera, but Epoch 2 was mainly characterized by eruptions 79 

from the NE sector of the caldera, with the exception of the Baia – Fondi di Baia eruption. 80 

This occurred at onset of Epoch 2 and was located in the western sector of the NYT caldera. 81 

Finally, Epoch 3 vents were hosted mainly in the central-eastern sector of the caldera, at the 82 

western margin of the Agnano collapse area (Isaia et al. 2009). This area was also affected by 83 

the manifestations of unrest during the crises of 1970-1972 and 1982-1984; events which 84 

were accompanied by seismicity, increase in heat fluxes and fumarolic activity linked to 85 

ground uplift of 3.5 m centred in the Pozzuoli area (Barberi et al. 1984, 1989). The occurrence 86 

of continued fumarolic activity, widespread manifestations of hydrothermal springs and 87 

ongoing ground deformation suggest that the CFc magmatic system remains in a state of 88 

unrest (Vilardo et al. 2010; Chiodini et al. 2012, 2015, 2016).  89 

The Baia – Fondi di Baia eruption consisted of two small-scale eruptive episodes that marked 90 

the onset of Epoch 2. They occurred after a 1000-year-long period of quiescence and have 91 

been dated to 9525–9696 BP (Di Vito et al. 1999; Smith et al. 2011). The two episodes are 92 

representative of the rather sporadic eruptions that have occurred in the western sector of the 93 

CFc (Rosi and Sbrana 1987; Di Vito et al. 1999; Orsi et al. 2004; Bevilacqua et al. 2015). 94 

Although small in magnitude, the Baia – Fondi di Baia eruption emplaced a complex 95 

pyroclastic sequence that has led to contrasting interpretations, with the event being 96 

considered as the result of a single eruption (Di Vito et al. 1999; Orsi et al. 2004; Smith et al. 97 

2011), as a sequence of time-separated eruptive events (Rosi and Sbrana 1987), or as two 98 

different eruptions (Di Renzo et al. 2011; Bevilacqua et al. 2015). According to Rosi and 99 

Sbrana (1987), tephra deposits are the result of the coeval eruption of Baia and Fondi di Baia. 100 

They overlie a humified paleosoil, which Rosi and Sbrana (1987) used as a marker horizon to 101 

separate the eruptive products in the proximal area of the NYT caldera from those of older 102 

eruptions (35,000–11,500 BP). More recently, following the division of the post-15 ka 103 
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eruptions into three Epochs, the eruption was considered as a single event (Fondi di Baia 104 

eruption; Di Vito et al. 1999; Orsi et al. 2004; Smith et al. 2011) or as being two separate 105 

events (Di Renzo et al. 2011; Bevilacqua et al. 2015). However, no further detailed 106 

stratigraphic investigations have shed light on the source, chronology, activity and deposits of 107 

this important event that marked the reactivation of CFc after a long period of quiescence. 108 

Here we present a new stratigraphic study of the entire eruptive succession based on 109 

observations of 40 outcrops in and around the Campi Flegrei caldera. Two key sections are 110 

described in order to reconstruct the whole stratigraphic record. Description of the tephra 111 

architecture is accompanied by sedimentological characterization of the deposits. Physical 112 

parameters, including dispersal, volume, column height, total grain-size distribution, are also 113 

provided. Juvenile material is also characterized in terms of density/vesicularity, detailed 114 

textural analyses, and composition of whole rock and groundmass glasses. Together, our 115 

results allow us to make a complete reconstruction of the eruptive sequence and associated 116 

dynamics that characterized the Baia – Fondi di Baia eruption. 117 

 118 

2. Methods 119 

During stratigraphic and sampling surveys, we investigated 40 outcrops in a sector of about 120 

90 km2, from proximal (along the crater rims) to distal (30 km farther north of the vent) areas, 121 

to define the architecture of the tephra succession (Fig. 1). At each site, the stratigraphy and 122 

the textural characteristics of each tephra layers were described in detail. The tephra 123 

succession was correlated among the different outcrops mainly based on sedimentological 124 

features (color, grain-size, depositional structures). Several key sections located close to the 125 

Baia harbour and the Baia castle were particularly useful in tracing correlations between 126 

different tephra layers and in reconstructing an “ideal” stratigraphic succession that comprises 127 

both products emplaced during the Baia episode and those erupted during the Fondi di Baia 128 

episode. Field thickness data (40 thickness measurements) of the fallout phase (lower part of 129 
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Unit II) were hand-contoured to produce isopach maps (six contour lines, from 5 to 100 cm). 130 

These were used to derive the erupted volume using several fitting methods including one 131 

(Pyle 1989) and two (Fierstein and Nathenson 1992) segments on a plot of log thickness vs. 132 

square root of the isopach area, and the power law and Weibull fits (Bonadonna and 133 

Houghton 2005; Bonadonna and Costa 2013). Tephra fallout volume was then converted to 134 

dense rock equivalent (DRE) volume based on assumed bulk density of 2,400 kg m-3 and 135 

mean deposit density of 700±200 kg m-3 (as derived from direct measurements of the deposit 136 

in proximal and distal outcrops). An average volume for proximal deposits of pyroclastic 137 

density currents (PDCs) was estimated according to the method of Crandell (1989) by 138 

integrating the dispersal area with a mean thickness to describe the entire area of deposition. 139 

At nine sections, maximum dimensions of lithic clasts were also measured and used to 140 

compile isopleth maps. At each section, an area of 0.5 m2 was investigated. We derived the 141 

geometric mean of the three axes of the 20 largest clasts; measures were then combined for 142 

the 5 largest clasts and for the 50th percentile of the distribution following Bonadonna et al. 143 

(2013). Crosswind and downwind distances were used to derive column heights following the 144 

Carey and Sparks (1986) model. Column height was converted to mass/volumetric flow rate 145 

by using the relationship of Mastin et al. (2009) and a DRE of 2,500 kg m-3 (as required by the 146 

strategy suggested by Mastin et al. (2009)). The fallout phase was also classified with the 147 

currently used schemes based on erupted volume and mass (Newhall and Self 1982), mass 148 

flow rate and plume height (Pyle 2000; Bonadonna and Costa 2013), thinning trend and grain-149 

size data of the deposit (i.e. bc/bt ratio, with bt and bc being the distance over which the 150 

maximum thickness and the size of the largest clast decrease by half, respectively) (Pyle 151 

1989). The total grain-size distribution of the fallout phase of Unit II was determined based on 152 

the Voronoi tessellation strategy as proposed by Bonadonna and Houghton (2005). In order to 153 

close the outermost Voronoi cells located on the edge of the deposit, a zero-mass line was 154 

tentatively traced according to field observations and taking into account the position of the 155 
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outermost isopach contour of the corresponding tephra succession. The Voronoi tessellation 156 

was then applied using a MatLab® script which returns a probability density function for the 157 

total grain-size distribution of the whole deposit, and the corresponding Mdϕ and ϕ 158 

parameters. The distribution was calculated based on 10 sample points, which include both 159 

the proximal and all the distal measured sections, with the most distal sample being at 25 km 160 

from the vent. At selected key sections, 26 samples of tephra were collected for grain-size 161 

analyses. Samples were dry-sieved at half- intervals (=−log2D, where D is the particle 162 

diameter in millimeters) for the coarser fraction. The fine-grained material (<0.25 mm) was 163 

sieved with water. Grain-size parameters were calculated following Inman (1952). The coarse 164 

fraction of 19 samples (≥1 mm, representing ≥40-50 wt.% in each sample) was analyzed for 165 

componentry, and components from each grain-size class were separated by hand picking 166 

under a binocular microscope and weighed. Two main categories were identified: juvenile 167 

material (which was further divided into vesicular fragments and obsidian), and lithics, 168 

including altered tuff, scoria and lavas. All the grain-size and componentry data are reported 169 

in Table 1. Morphology and texture of the different clast types were also described using thin 170 

sections and by imaging with scanning electron microscope (SEM). Density measurements, 171 

from a subset of six samples collected at the key sections (100 clasts each, for a total of 600 172 

fragments), were performed on vesicular juvenile clasts in the grain size range −3<<−2, 173 

following the method of Houghton and Wilson (1989). Clast densities were converted to 174 

vesicularity values using the DRE of 2,400 kg m-3. Density and vesicularity distributions were 175 

also used to select clasts for quantitative textural (Vesicle Size Distribution) analysis 176 

following the method of Shea et al. (2010). Clasts were mounted in epoxy resin and prepared 177 

as polished thin sections. SEM back-scattered images were acquired at three different 178 

magnifications (50×, 150× and 300×) and processed using ImageJ software 179 

(imagej.nih.gov/ij/) and the MatLab®-based software FOAMS of Shea et al. (2010). Whole 180 

rock major and trace element chemical analyses were performed on vesicular, homogenous 181 
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pumice clasts from eight samples; major and trace elements analyses were performed 182 

respectively by ICP-AES and ICP-MS after Lithium Borate fusion and acid digestion at ALS 183 

Seville (Spain) laboratories (see https://www.alsglobal.com/ for further details). Matrix 184 

glasses of the juvenile fraction were analyzed with a Zeiss EVO MA 10 SEM equipped with 185 

an Oxford Si(Li) energy-dispersive X-Ray detector (EDS) at Istituto Nazionale di Geofisica e 186 

Vulcanologia in Pisa (Italy). Analytical conditions for the SEM-EDS analyses were a 15 kV 187 

acceleration voltage and a probe current of ~300 pA, with a working distance of 8.5 mm, 100 188 

s live time in raster mode, ZAF correction and natural minerals as calibration standards.  189 

 190 

3. Results 191 

3.1 Stratigraphy 192 

The proximal deposits of the Baia – Fondi di Baia eruptive succession were mostly emplaced 193 

close to three nearly circular depressions which are today partly invaded by the sea at the 194 

harbour of Baia, about 15 km west of Naples (Fig. 1). The three depressions are aligned along 195 

a 2 km-long, N-S-trending structural alignment in the western part of the caldera. The 196 

northernmost depression, which is partly hidden by the sea, is the largest of the three having a 197 

radius of ~0.5 km and an area of 0.8 km2. The central and southernmost of the circular 198 

depressions measure 0.12 and 0.20 km in radius, and occupy areas of 0.12 and 0.17 km2, 199 

respectively. According to previous interpretations, these circular depressions represent three 200 

eruptive centres formed during the coeval eruption of Baia – Fondi di Baia (e.g. Rosi and 201 

Sbrana 1987). The tephra deposits overlie a paleosoil dated at 9525–9696 BP (Di Vito et al. 202 

1999; Smith et al. 2011) and in proximal outcrops form a >20 m-thick succession of massive-203 

to-stratified tephra beds and scattered ballistic bombs. This thick succession rapidly thins 204 

away from the rims of the three depressions, where most of the material was emplaced. Distal 205 

deposits, commonly represented by a single, cm-thick tephra layer, cover an area >60 km² and 206 

consist of white, aphyric, pumiceous lapilli with a few clasts of tuffs and lavas. The detailed 207 
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study of stratigraphic relationships between the various tephra layers, their relative correlation 208 

among proximal outcrops and componentry of the deposits have allowed us to identify two 209 

eruptive sequences, represented by two respective successions of deposits. The lower 210 

succession, which has a maximum thickness along the cliffs in front of Baia’s harbour (Fig. 211 

1), is related to eruptive activity at a vent centred in the Baia depression. The uppermost 212 

succession crops out at the top of the southernmost depression and is related to an eruption 213 

from a vent located in the Fondi di Baia depression (Fig. 1). Both tephra successions lie above 214 

the same paleosoil, and in some cases the succession of Fondi di Baia lies directly above that 215 

of Baia, separated only by a reddish, mm-thick, reworked ash-bearing deposit. 216 

 217 

3.2 The Baia succession 218 

The key section of the Baia succession is exposed on the western side of Baia’s harbour (33T 219 

421794, 4519371; Section 1 in Fig. 1). Based on sedimentological features, the Baia 220 

succession can be divided into three main units (I to III), corresponding to three different 221 

stages of the eruption. At the outcrop scale, these features also allowed us to discriminate 222 

fallout from PDC deposits, which were also differentiate in dense, pyroclastic density current 223 

deposits and surge-like, turbulent current deposits.    224 

Unit I: breccia deposit 225 

The basal unit (Unit I) is a breccia deposit which lies on a dark-brown paleosoil (Fig. 2a). 226 

This breccia deposit is up to 3.5 m-thick and has a limited dispersal, with an abrupt decrease 227 

in thickness within a few hundred meters of the coastline. It includes cm-sized pumice and 228 

scoria clasts, m-sized blocks of yellow tuff, dark-reddish dense clasts and sparse beach 229 

pebbles embedded in a muddy, yellowish matrix. Both the matrix and the coarse material 230 

have evidence of pervasive alteration, with juvenile clasts (pumice) being partially or entirely 231 

substituted by yellowish-greenish to pinkish zeolite and clay minerals. The whole deposit is 232 

partially lithified, hampering sampling for detailed grain-size and componentry analyses. 233 
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Unit II: fallout-dominated deposits 234 

The overlying unit (Unit II) consists of a 12 m-thick succession, with the lowermost 4 m 235 

consisting of coarse-grained, pumice-bearing parallel layers embedded in a fine-grained 236 

matrix. Matrix and juvenile clasts in some layers show strong alteration, similar to that of the 237 

underlying breccia, alternating with layers in which alteration is scarce-to-incipient (Fig. 2b, 238 

c). Dense, commonly banded, blocks and pumice bombs up to 50 cm in size (Fig. 2b, c) form 239 

impact sags in places. The upper part of Unit II has a progressive increase along the 240 

stratigraphic height in abundance and thickness of cross-bedded, ash-bearing deposits (Fig. 241 

2d). Blocks and bombs, with diameters of up to 50 cm and often showing dense and 242 

breadcrusted rims, are common (Fig. 2e). The orientation of most impact sags suggests that 243 

the approximate position of the vent feeding Unit II did not coincide with the position of the 244 

hypothesized source of the opening breccia, but shifted in-land. All of the succession has a 9° 245 

dip to the south.  246 

Most of the samples of Unit II have unimodal grain-size distributions, with a slight, coarse-247 

tailed asymmetric shape, with Md ranging from -3.13 to 2.54, and sorting values between 248 

1.52 and 4.07(Fig. 3, Table 1). Among all the deposits of the Baia succession, Unit II 249 

corresponds to the peak in the grain-size. 250 

Component analyses show that juvenile clasts account for >70 wt.% of the total deposit. The 251 

juvenile material is quite homogeneous and represented by vesicular, light-coloured pumice 252 

fragments, with pumice from the bottom of the tephra succession showing more pervasive 253 

alteration. Lithic clasts slightly decrease in abundance from the base of the sequence to the 254 

top and are represented by altered tuffs, red-oxidized clasts and minor lava fragments (Fig. 3). 255 

Unit III: PDC-dominated deposits 256 

Unit III, which stratigraphically represents the youngest part of the Baia succession, is a 6.5 257 

m-thick succession of dm-thick, fine-to-coarse grained, laminated ash beds with dunes, 258 

antidunes and cross bedding structures (Fig. 2f). Most layers are lithic rich, including banded 259 
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to dense juvenile clasts, and ash layers are thicker than in Unit II. A few bombs, which are 260 

smaller than those in the lower unit (maximum diameter: 10-20 cm), occur within Unit III and 261 

are mainly represented by juvenile dense bombs. No lithic blocks are observed. Depositional 262 

structures indicate a provenance of the PDCs being from the east. On top of Unit III, a soil 263 

separates the Baia succession from the deposits of the Averno 2 eruption as described by Di 264 

Vito et al. (2010), Fourmentraux et al. (2012) and Pistolesi et al. (2016).  265 

Deposits of Unit III are finer than those of Unit II, with Md values ranging from -1.70 to -266 

1.14 and sorting values in the range 2.51-2.29 (i.e. these are poorly to very poorly sorted 267 

deposits; Fig. 3, Table 1). Juvenile material, which accounts for 63 to 75 wt.% of the deposit, 268 

consists of vesicular pumice fragments and minor black, dense fragments. While most of the 269 

Unit III samples are enriched in the lithic component in the coarser grain-size classes (-4), 270 

the juvenile fraction usually dominates in the medium to finer grain-size classes (-3 – 0). 271 

As a whole, the lithic fraction is higher with respect to Unit II (Fig. 3).  272 

Distal deposits 273 

The thick succession emplaced close to the source area rapidly thins out in a few hundred 274 

meters. Farther from the vent area, a tephra deposit has been identified up to 20 km north of 275 

the Baia crater. In medial to distal areas, this deposit consists of a single, massive layer of 276 

white to light brown pumice clasts. This layer is commonly sandwiched between two humic-277 

rich soils, and its thickness ranges between 25 and 5 cm (Fig. 2g). Grain-size of mid-distal 278 

tephra samples have a large variability, with Mdvalues ranging from -2.90 (for more 279 

proximal samples) to 1.19for distal samples along the dispersal axis), and σvalues are 280 

typical of well-sorted to very poorly-sorted deposits (Table 1). Lithic clasts are scarce to 281 

absent, with most of the material represented by yellowish to light-brown, vesicular pumice 282 

clasts. 283 
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Based on the nature (colour and vesicularity) of the juvenile fraction, and on the 284 

sedimentological features (constant thickness at the outcrop scale and thinning from proximal 285 

to distal areas), this distal deposit has been correlated with the lower part of Unit II and it 286 

likely represents the main fallout phase. The maximum thickness of the fallout deposit in the 287 

proximal succession (i.e. sample BFB5 at section 1) is ~60 cm. In distal areas, the fallout 288 

layer is massive and lacks grading, whereas in the proximal area it is intercalated with PDC 289 

deposits and minor fallout beds. 290 

 291 

3.3 The Fondi di Baia succession 292 

The proximal deposits of the Fondi di Baia (FdB) succession crop out on the rim of the 293 

southern depression, close to the Castle of Baia (Fig. 1). At type section 2 (33T 421780, 294 

4517497; Fig. 1), the succession overlies a tephra layer which in turn rests on a dark brown 295 

soil. This is interpreted as a fallout deposit from the Baia event (Unit II). A mm-thick, 296 

laterally continuous, oxidized ash layer separates Baia tephra from that of the FdB (Fig. 4a, 297 

b). The FdB deposits consist of two main units (IV and V). 298 

Unit IV: breccia deposit 299 

Unit IV is a one meter-thick, coarse breccia with limited dispersal, bearing yellowish to 300 

greenish meter-sized blocks of altered tuffs and pumice fragments. It bears juvenile bombs 301 

and differs from the basal breccia of the Baia succession (Unit I) by not containing a muddy 302 

altered matrix and beach pebbles. 303 

Unit V: PDC-dominated deposits  304 

Unit V overlies the breccia deposit and consists of 10-12-m thick, fine- to coarse-grained, 305 

stratified ash and pumice layers with intercalated ballistic obsidian bombs (Fig. 4c), which 306 

crop out at sections 2 and 3 (33T 422063, 4518067; Fig. 1). Mdranges between -2.53ϕ and 307 

0.21ϕ, and the grain-size distribution has a positive skewness with a unimodal mesocurtic to 308 

platicurtic form. Sorting is usually poor, ranging from 3.02 and 3.97Fig. 3; Table 1). 309 
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Component analyses highlight that the juvenile fraction abundance in these Unit V samples is 310 

similar (50 to 90 wt.%) to that of the Baia succession, but contains up to 1.3 wt.% obsidian 311 

clasts. These clasts help to distinguish these FdB deposits from the Baia pyroclastic 312 

succession at the outcrop scale. Obsidian chips occur as fine-grained juvenile clasts, which 313 

possibly derive from impact-shattering of the skin of ballistic obsidian bombs. 314 

 315 

3.4 Volume, column height and classification of the fallout phase 316 

The volume obtained based on isopach maps (Fig. 5a) and calculated with different 317 

approaches is 0.06±0.008 km3, which converts to a DRE volume of 0.02±0.002 km3. The 318 

corresponding mass of the erupted material is 4.06±0.5 × 1010 kg. This value is representative 319 

only of the fallout deposit. The volume of the material emplaced in proximal areas, and 320 

related to breccia and PDC deposits of both Baia and FdB successions, was estimated by 321 

integrating the dispersal of PDC deposits and their average thickness measured in the field 322 

yielding a total erupted mass of 0.01±0.004 km3. 323 

We also estimated the column height of the fallout phase of Unit II. The isopleth map (Fig. 324 

5b) shows a slight eastward shift with respect to the isopach curves, possibly because 325 

maximum clast measurements record the peak of the fallout phase, but total thickness 326 

measurements might be related to multiple, juxtaposed fallout layers emplaced under variable 327 

wind conditions. From these isopleth maps we obtained an average column height of 17 km, 328 

associated with a wind speed of 10-15 m s-1 at the tropopause and corresponding to a peak 329 

mass flow rate (MFR) of 1.8 × 107 kg s-1 or to a volumetric flow rate of 7.2 × 103 m3 s-1. 330 

Given the complexity of classifying eruptions characterized by a large volume of tephra 331 

emplaced as PDC deposits, we consider here only the cumulative fallout phases for 332 

classification purposes. Based on erupted volume and mass, MFR, plume height, thickness, 333 

and grain-size data, the fallout phase of Unit II was classified. A total volume of 0.06±0.008 334 

km3 and a mass 4.06±0.5 × 1010 kg result in a VEI 3 (Newhall and Self 1982) and a magnitude 335 
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of 3.6, with the calculated MFR corresponding to an intensity of 10.2 (Pyle 2000). The plume 336 

developing during Unit II can be classified as subplinian based on the MFR versus plume 337 

height classification of Bonadonna and Costa (2013). Based on the thinning trend of the 338 

deposit, this phase can be also described by two exponential segments on a log(thickness) 339 

versus the square root of isopach area, with a corresponding bt value of 0.5 and 3.2 km, and 340 

therefore two values of bc/bt ratio (i.e., 3.6 and 0.6 from the isopleth map of Figure 5b). These 341 

parameters plot again in the field of subplinian eruptions following the classification scheme 342 

of Pyle (1989). 343 

 344 

3.5 Total Grain-Size Distribution 345 

The Total Grain-Size Distribution (TGSD) of a tephra deposit is an important eruptive 346 

parameter that has become more and more relevant in developing transport and sedimentation 347 

models, as well as in scenario definitions for volcanic hazard assessment (e.g., Costa et al. 348 

2016). For our case, the TGSD has a polymodal grain-size distribution (Fig. 6) with Mdϕ = -349 

1.9 and ϕ = -3.3, but with two modes at -3ϕ and 5ϕ. The almost complete lack of the 3ϕ 350 

grain-size class, along with the absence of a finer tail (>6ϕ), can be related to fragmentation 351 

processes coupled with the limited spatial distribution of the analyzed samples. Costa et al. 352 

(2016) explored the minimum sampling distances needed for a given size class normalized to 353 

column height (D/H, with D being the distance from the vent along the dispersal axis and H 354 

the plume height above vent, respectively). They found that a minimum sampling distance of 355 

60 km in low wind conditions was required to capture the distribution finer than 0ϕ. Due to 356 

the limited exposure and preservation of our distal sites, and based on the fact that our most 357 

distal sample is 25 km from the vent, we suggest that, following the plot presented in Costa et 358 

al. (2016), our reconstructed distribution underestimates the finer fraction of the TGSD.  359 

 360 

3.6 General characteristics of the juvenile fraction 361 
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Juvenile clasts contain <5 vol.% phenocrysts. Mineral phases are usually euhedral and consist 362 

mainly of feldspars from 250 µm to 2 mm in size, with minor diopsidic clinopyroxene, biotite, 363 

spinel and apatite. Some dense clasts contain microlites, which are generally distributed 364 

randomly or are clustered in preferential zones. Most microlite dimensions are <100 µm. The 365 

observed mineralogy and its heterogeneity agree with the petrography previously described 366 

for trachytic-phonolitic products of CFc products (e.g. Rosi and Sbrana 1987; Armienti et al. 367 

1983; D’Antonio e al. 1999; Smith et al. 2011). 368 

Most of the fragments, irrespective of grain-size, display variable external and internal 369 

textures, grading from vesicular to dense clasts. One of the striking features of the juvenile 370 

fraction is layering, which occurs both in vesicular and dense juvenile clasts. In most 371 

fragments, layering corresponds to variations in vesicularity and microlite content and size; 372 

denser bands are microlite-rich and alternate with vesicular bands without microlites. Banding 373 

is particularly evident in juvenile bombs. In the Baia deposits, bombs are often characterized 374 

by breadcrust surfaces, with alternation of lighter and darker bands (Fig. 7a-d). In some cases 375 

(Unit II), dense, crystal-rich bombs are present. FdB deposits are, instead, characterized by 376 

the presence of bombs with obsidian skins. Among vesicular fragments, textures range from 377 

highly vesicular with collapsed vesicles to moderately vesicular, with tabular aspects, to 378 

microvesicular. Vesicles show heterogeneous size and shapes and are often coalescent or 379 

tubular (Fig. 7e). Dense fragments are characterized by smaller vesicles and have a glassy 380 

groundmass (Fig. 7f). In dense, obsidian clasts, vesicles are often completely lacking.  381 

 382 

3.7 Clast density and vesicularity 383 

Density analyses were carried out on six samples, five belonging to the Baia succession and 384 

one to the FdB deposits. Three samples were selected from the main fallout phase (Unit II): 385 

BFB5 was sampled at section 1, whereas samples BFB1 and BFB17 were from medial areas 386 

along the border of the central depression and 0.4 km from section 1. Samples BFB7 and 387 
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BFB9 were from pyroclastic flow and surge deposits of Units II and III, respectively, as 388 

collected at section 1. Finally, sample BFB37 is representative of the pyroclastic flow deposit 389 

of Unit V from the FdB succession (section 3). Density analyses were performed on the 390 

−3<<−2 size range and did not include the high density obsidian bombs identified at the 391 

outcrop scale. The analysis thus does not cover the full spectrum of clast density.  392 

Samples from the fallout phase of Unit II (BFB1, 5 and 17) are characterized by slightly 393 

asymmetrical unimodal distributions, with a density range between 200 and 1900 kg/m3 and a 394 

modal value of 500 kg m-3. BFB7 has a bimodal density distribution, with a range between 395 

200 and 1900 kg m-3 and with modes at 300 and 500 kg m-3 (average density of 740 kg m-3). 396 

BFB9 has a polymodal trend with a density range between 400 and 1300 kg m-3, and modes at 397 

500, 700 and 1000 kg m-3, and an average density of 740 kg m-3. Finally, BFB37 has a 398 

unimodal, asymmetric distribution, with a range of densities between 600 and 1300 kg m-3 399 

and a mode at 910 kg m-3 (Fig. 8). In general, while the fallout phase is characterized by lower 400 

density clasts and narrower variations, density values tend to increase towards the top of the 401 

succession, also showing progressively larger variations. Using a clast density of 2400 kg m-3, 402 

density values were converted to vesicularity values that ranged between 62 and 79 vol.% 
403 

(Figs. 8, 9, Table 2). 404 

 405 

3.8 Textural analyses 406 

Textural data were collected on the same sample set as used for density analyses, except for 407 

the fallout phase of Unit II for which only one sample (BFB5, section 1) was analyzed. From 408 

the density distributions, clasts representative of the modal (MD), low-density (LD) and high-409 

density (HD) end-members were chosen for each sample (Fig. S1 in the Supplementary 410 

Material). Vesicles show a wide range of variability, including heterogeneous size and shape. 411 

Vesicles vary from circular to elongated, up to tubular. 412 
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The results of the textural analysis are summarized in Table 3. In general, vesicle sizes display 413 

a quite narrow range (0.01-2.10 mm) with maximum values observed in LD samples. In 414 

contrast, HD samples always have the lowest values of maximum size, with MD samples 415 

displaying intermediate values. Vesicle Volume Distributions (VVDs; Fig. 10) are unimodal 416 

to bimodal. MD clasts are generally characterized by symmetric Gaussian distributions with a 417 

mode ranging between 0.08 and 0.14 mm, and the lowest value recorded in the fallout phase 418 

of Unit II (BFB5) which was 0.005 mm. LD clasts have a similar distribution at low vesicle 419 

sizes (modal L = 0.14-0.18 mm) but display a secondary mode of larger vesicles (L > 1 mm). 420 

HD samples are also characterized by a similar distribution of small vesicles (modal L = 0.14 421 

mm), but in this case the distribution appears truncated at large vesicle sizes.  422 

Total Vesicle Number Densities (VNDs) are in the range of 2 × 107 – 1 × 108 cm-3 and were 423 

extracted from the Cumulative Vesicle Size Distribution (Fig. S2 in the Supplementary 424 

Material) as listed in Table S1. For each stratigraphic level, the highest VNDs were found in 425 

an MD sample. The only exception was BFB7 (Unit II – flow phase) for which the HD 426 

sample have a relatively higher value. With increasing stratigraphic height during the Baia 427 

eruption (Fig. 9), VNDs of modal density clasts decrease from a maximum value of 1 × 108 428 

cm-3 in sample BFB5 (Unit II – fallout phase) to 4.5 × 107 and 4.2 × 107 cm-3 for sample 429 

BFB7 (Unit II - flow phase) and sample BFB9 (Unit III - surge phase). The unique sample 430 

(BFB37) related to the FdB deposits (Unit V) is instead characterized by a higher VND value 431 

(8.1 × 107 cm-3) closer to the VND of the initial phase of the Baia event. VND values of HD 432 

samples are generally comparable with those of LD samples, except for BFB7 (Unit II – 433 

flow), which was a value three times greater than the corresponding LD sample. 434 

Following the strategy of Shea et al. (2011), we used the textural parameters (i.e. VND) to 435 

estimate the maximum decompression rate (dP/dt) at fragmentation using the method of 436 

Toramaru et al. (2006). The calculations were performed on all the analyzed samples and the 437 

results are listed in Table S1. To capture the decompression rates corresponding to the final 438 
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stage of rapid ascent prior to fragmentation, VNDs were recalculated (VNDcorr in Tab. 3) for 439 

the vesicle range of 0.01-0.001 mm (Shea et al. 2011). Calculations were completed using: (i) 440 

T = 945 °C (Piochi et al. 2008); (ii) P = 100 MPa (corresponding to a depth of ~4 km); (iii) 441 

H2O = 1.5 wt% (the amount of water at saturation conditions at that depth following Arienzo 442 

et al. 2010); (iv) melt density of 2400 kg m-3 (calculated on chemical basis at T and P with the 443 

model by Lange and Carmichael (1987)); (v) water diffusivity of 2.35 × 10-11 m2 s-1 (Freda et 444 

al. 2003); and (vi) surface tension of 0.035 N m-1 (Shea et al. 2011). Calculated 445 

decompression rates range between 0.20 and 0.69 MPa s-1 (or 0.37 - 0.69 MPa s-1, if only MD 446 

clasts are considered). Their variation follows the same trend of total VNDs (Fig. 9). While 447 

the highest values (0.68-0.69 MPa s-1) are found for the MD clasts of the fallout samples 448 

(BFB5 – Unit II; BFB37 – Unit V), PDC-dominated (BFB7 – Unit II) and surge-dominated 449 

(BFB9 – Unit III) samples are characterized by lower decompression rates (0.34 - 0.36 MPa s-
450 

1 for MD clasts).  451 

 452 

3.9 Chemistry 453 

The compositions of products emitted during the Baia – Fondi di Baia eruption were 454 

classified by Rosi and Sbrana (1987) as being fairly homogenous alkali-trachyte. On the other 455 

hand, Smith et al. (2011) found variable glass compositions, ranging from 61.08 to 63.84 456 

wt.% SiO2 and 1.58 to 4.25 wt.% FeO, and also pointed to highly variable Cl contents (~0.65 457 

to ~1.15 wt.%). Whole rock compositions representative of the two eruptive successions 458 

presented in this paper span a narrow range in the trachyte field, with SiO2 of 62.1 - 64.9 459 

wt.% and Na2O+ K2O of 10.5 - 13.5 wt.%. FdB samples have slightly higher alkali contents 460 

(Fig. 11). It is worth noting that some of the analyzed samples have high LOI (Loss On 461 

Ignition) values. Due to this, and based on the fact that the juvenile fraction shows a large 462 

textural variability, we decided to check the whole rock data with a groundmass glass 463 

investigation. Vesicular and dense fragments were selected and mounted for the Baia 464 
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succession (250 clasts) from Units II and III and from the FdB deposits (160 clasts) from Unit 465 

V. Analyses, normalized to anhydrous composition, reveal that glass products span a wide 466 

range of compositions from tephriphonolites at the boundary with latites (SiO2 of 56.6 wt.% 467 

alkali content of 10.4 wt.%) up to phonolites (SiO2 61.4 wt.%, alkali 13.60 wt.%) to trachytes 468 

(SiO2 between 62 and 64 wt.%, alkali between 13.4 and 10.32 wt.%). These ranges are even 469 

larger than those presented in Smith et al. (2011), with the FdB products having the largest 470 

variability (Figs. 9, 10). No correlation is evident between clast texture and composition 471 

where, for both eruptive successions, glass analyses of vesicular and dense clasts show both 472 

tephriphonolitic compositions and more differentiated phonolitic-trachytic compositions. 473 

The Baia products comprise mainly trachytic compositions, with the least evolved 474 

tephriphonolitic magma appearing only during the first part of the main eruptive phase (Unit 475 

II) and only among finer-grained juvenile clasts. The tephriphonolitic-phonolitic compositions 476 

apparently lack in the final stages of the Baia eruptive succession (Unit III). However, during 477 

Unit V of the FdB episode, all compositions were contemporaneously tapped, with a sharp 478 

increase in the proportion of tephriphonolitic and trachytic compositions, as discussed in 479 

detail in Voloschina (2016). While trachytic compositions correlate well with most of the 480 

Campi Flegrei eruptive products, tephriphonolitic compositions are generally poorly 481 

represented within Campi Flegrei magmas (c.f., Orsi et al. 1995; D’Antonio et al. 1999; De 482 

Vita et al. 1999; Tonarini et al. 2009; Di Renzo et al. 2011).   483 

 484 

4. Discussion 485 

4.1 Dynamics of the Baia and Fondi di Baia eruption 486 

Coupling the reconstructed architecture of the tephra deposits with sedimentological and 487 

textural data, we interpreted the tephra successions and different units to reconstruct the 488 

sequence of eruptive events that built the Baia – Fondi di Baia sequence. We suggest that the 489 

Baia and the FdB deposits belong to the same eruption, but are the result of two different 490 
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eruptive episodes separated by a short time break (Fig. 12). The Baia phase began in an area 491 

close to the present coastline. Based on deposit dispersal and the morphology of the area, the 492 

inferred vent can be located in the centre of Baia’s harbour. The opening phase of the eruption 493 

(Unit I) excavated the shallow basement material consisting of tuffs, which are the main 494 

component of the lithic material within the coarse-grained, low-dispersed breccia deposits. 495 

This was the opening stage of the Baia episode. Strong alteration, presence of muddy matrix 496 

and beach pebbles also confirm that the opening phase occurred in a shallow-water 497 

environment. The dispersal and orientation of the breccia deposit suggest that it was only 498 

partially emplaced on-land, on a dark brown paleosoil, where it formed the landward side of a 499 

growing littoral cone, with most of the material being emplaced in, and rapidly dispersed by, 500 

the sea.  501 

The eruption rapidly escalated to its climax (Unit II), during which fallout layers and 502 

pyroclastic density current deposits were emplaced. While the lower part of Unit II is 503 

dominated by fallout activity, with a fall/PDC ratio of >1, the upper part shows a progressive 504 

decrease in the ratio, as highlighted by the increase of ash-bearing and internal stratification of 505 

tephra layers. The eruptive column responsible for the fallout activity at the beginning of Unit 506 

II had a maximum height of 17 km and dispersed tephra northward to form a deposit with a 507 

volume of 0.06±0.008 km3. The TGSD of the related fallout deposit was polymodal, as 508 

observed for other plinian-subplinian deposits (e.g. Mount St Helens 1980, Cordón Caulle 509 

2011 – Unit I, Askja 1875 phases C and D; Durant et al. 2009, Bonadonna et al. 2015, Sparks 510 

et al. 1981), with the 3ϕ size class being almost absent. The gradual disappearance in Unit II 511 

of the muddy, altered matrix associated with the presence of ballistic bomb sags suggests that 512 

the eruptive vent during this phase progressively migrated on-land. The intensity of the 513 

eruption began to decline during the final phase of Unit II, when PDCs formed deposits 514 

embedded with many ballistic blocks, possibly related to increasingly unsteady eruptive 515 

conditions that did not favour development of a sustained column. The abundance of large 516 
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ballistic blocks embedded in the PDC deposits indicates that activity was accompanied by 517 

violent explosions, supporting a model whereby the phase of the eruption was characterized 518 

by a pulsating behaviour.  519 

The dynamics of the final phase of the Baia sequence shifted toward more turbulent, surge-520 

like, PDC activity, during which dune-bedded deposits were emplaced (Unit III). No clear 521 

fallout layers were distinguished within this unit. Textural and sedimentological data suggest 522 

that this final phase resulted from a lower magma ascent rate during an intermittent, 523 

Vulcanian-like activity, as suggested by the increase both in density of juvenile clasts and 524 

lithic content of the deposits. 525 

The general decrease of the eruption intensity during the Baia episode is consistent with a 526 

peak of intensity during the initial part of Unit II, during which the highest vesicularity (81 527 

vol.%), the highest VNDs (1 × 108 cm-3) and the highest decompression rate (0.69 MPa s-1) 528 

were recorded. All of these parameters progressively decreased through Units II and III, 529 

possibly due to a reduction of magma ascent rate with time. The main process controlling the 530 

evolution of the eruption dynamics was a progressive degassing of the magma, with more 531 

evident gas-melt decoupling during the final phases of the eruption. The absence of important 532 

microlite growth from Unit I to Unit III suggests, however, that the eruption was probably 533 

short and that degassing did not induce undercooling.  534 

Within the same stratigraphic level, the presence of clasts of various density appears to be 535 

related to variable degrees of vesicle evolution by coalescence (LD samples) or removal of 536 

larger sizes (HD). All classes appear to be genetically related, with the modal samples 537 

representing magma degassing under closed conditions at the local scale (Gaussian VVD 538 

distribution) and relatively fast ascent rates (small modal vesicle sizes and high VNDs). For 539 

LD samples, the presence of a secondary mode at large vesicle sizes, coupled with lower 540 

VNDs, indicate that these clasts sampled part of an ascending magma characterized by higher 541 

degrees of bubble growth due to coalescence, as testified by the presence of retracted melt 542 
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films along the rims of larger vesicles (see Fig. S1 in the Supplementary Material). 543 

Conversely, for HD clasts, the absence of large vesicles can be related to efficient gas 544 

percolation through pathways in the magma (e.g., outgassing) and compaction, as testified by 545 

collapsed structures (Fig. S1 in the Supplementary Material). This process most likely takes 546 

place at the conduit wall, where magma ascent velocity is lower (D’Oriano et al. 2011). 547 

After the end of the Baia episode, a short stasis in the activity followed. This was marked by 548 

the presence of a mm-thick, oxidized ash layer (Fig. 4a) which directly overlies the Unit II 549 

fallout deposits in the southern sector, where no PDC deposits related to the Baia tephra 550 

succession were found. The lateral continuity of the reddish ash layer can be related to 551 

oxidation and/or humification which likely marks a short stasis in the eruptive sequence. 552 

Activity re-commenced with the opening phase of the FdB eruptive episode (Unit IV) from 553 

the southernmost crater. The central depression was unlikely the FdB eruptive centre because 554 

its floor is covered by the soil over which Units II and III are emplaced and which form the 555 

crater walls. The depression possibly pre-dated the eruption, or was formed by post-eruption 556 

collapse along the same N-S structure along which the vents are aligned.  557 

The FdB opening phase involved the same substratum of tuff, which was mixed with the 558 

breccia, but did not occur in a shallow-water environment. In fact, the FdB opening breccia 559 

deposit (Unit IV) consists of altered tuff blocks and greenish ash, but lacks beach pebbles and 560 

the pervasive alteration of the juvenile fraction observed in Unit I of the Baia deposits. After 561 

the opening breccia-emplacing phase, the eruption evolved towards PDC activity (Unit V), 562 

which strongly resembled that of the final part of Unit II. No fallout deposits can be clearly 563 

identified within Unit V. The striking feature of the FdB eruptive units is a lower dispersal 564 

compared with those of the Baia eruption, a lack of clear fallout layers, and the presence of 565 

obsidian clasts. Textural data on juvenile clasts also reveal higher clast densities and lower 566 

VNDs with respect to the peak phase of Baia, suggesting that eruption intensity was lower 567 

than in the initial Baia event with a partial recovery in the eruption intensity during the FdB 568 
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episode. Calculated decompression rates for Unit V (0.68 MPa s-1) are, however, comparable 569 

with those inferred for the initial phase of the Baia sequence. This is possibly due to higher 570 

volatile contents, coupled with higher groundmass crystallinity or higher nucleation due to 571 

higher volatiles oversaturation during the Baia episode. It should be noted that decompression 572 

rate calculations were performed under the assumption of water saturation at depth. However, 573 

if these conditions are not met, calculated decompression rates can dramatically decrease. 574 

Moreover, the elevated density of juvenile clasts (and the presence of obsidian clasts) would 575 

suggest a degassing process under open conditions, where outgassing can deeply modify the 576 

juvenile textures used for decompression rate calculations. 577 

The direction along which vents migrated during the eruptions coincides with a N-S trend 578 

which follows a structural boundary (Vitale and Isaia 2014) and this boundary apparently 579 

controls the eruptive activity in the western part of the caldera. Most of the vents in this area 580 

(Mofete, Bellavista, Bacoli, Porto Miseno, Averno 1 and Averno 2, Baia and Fondi di Baia) 581 

are in fact aligned along this main trend (Bevilacqua et al. 2015). 582 

  583 

4.2 Variability of magma composition 584 

Bulk rock analyses show a narrow trachytic compositional range among the products of the 585 

two eruptive events. However, a more detailed investigation of the groundmass glass 586 

compositions carried out both on single, mm-sized clasts and dm-sized bombs revealed a 587 

larger variability from tephriphonolites-latites, to phonolites, to trachytes. Baia’s eruptive 588 

products display a wider variability within trachytic compositions. On the other hand, FdB 589 

groundmass compositions cover a wider field than less evolved tephriphonolitic compositions. 590 

The absence of correlation between clast texture and composition, with vesicular and dense 591 

clasts characterized by both weakly evolved and more differentiated compositions, suggest 592 

that the textural variability is related to ascent rate or magma/conduit interactions. The 593 

chemical variability, however, suggests that the eruptive episodes were fed by a complex 594 
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reservoir, or different reservoirs, which was (or were) progressively drained during the course 595 

of the two events, with an increasing involvement of less evolved magma during the FdB 596 

phase. Moreover, because larger clasts and bombs were commonly associated with trachytic 597 

compositions, we speculate that most of the magma volume during the eruption was a 598 

trachyte. 599 

 600 

4.3 Magmatic versus phreatomagmatic fragmentation 601 

Distinctive surface textures (stepped surfaces, quench cracks, and pitting) or morphology (e.g. 602 

blocky clasts) of juvenile material have been traditionally interpreted as being derived from 603 

magma-water interaction (Heiken and Wohletz 1985; Kokelaar 1986; Büttner et al. 1999; 604 

Cioni et al. 2014). Variations in the morphological features of the clasts can, however, be 605 

interpreted in terms of the relative role played by different fragmentation processes during an 606 

eruption. Interaction with external water during the Baia phase is indicated by the presence of 607 

an altered, muddy matrix and rounded beach pebbles in the opening breccia. The migration of 608 

the vent progressively hampered the access of seawater to the erupting magma, although a 609 

certain degree of interaction cannot be ruled out during the early phase of Unit II, which also 610 

corresponds to the peak phase of the eruption. Textural data indicate that fragmentation 611 

occurred over a heterogeneous magma column characterized by variable vesicularity. The 612 

ubiquitous predominance of highly vesicular fragments at all stratigraphic levels and the lack 613 

of clear magma-water interaction textures indicate a prominent active role of degassing-614 

related magmatic fragmentation during the eruption. The interaction with seawater would 615 

have occurred at the crater level with an already fragmented magma, strongly influencing the 616 

external dynamics (tephra dispersal and sedimentation) of the eruption and the following, 617 

post-emplacement alteration, without making an important contribution to the fragmentation 618 

process. The obsidian clasts within the FdB deposits, on the other hand, may be unrelated to 619 

magma-water interaction because the vent already had migrated on-land, although possible 620 
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seawater or groundwater infiltration cannot be completely excluded. The occurrence of clasts 621 

of obsidian, which also forms skins on bombs, can be more likely attributed to 622 

magma/conduit interaction and/or slower magma ascent rates. 623 

 624 

5. Conclusions 625 

After a 1000 year-long period of quiescence, eruptive activity at Campi Flegrei renewed at 626 

9525–9696 BP with one of the sporadic eruptions that characterize those of the western sector 627 

of the caldera. Understanding the dynamics of this complex event is particularly relevant, as it 628 

opens Epoch 2 of activity at CFc, marking the passage from a period of quiescence to a new 629 

cycle of intense volcanic activity. Although small in terms of volume with respect to most of 630 

the post-NYT events, the Baia – Fondi di Baia eruption was characterized by complex 631 

dynamics and deposit features similar to other volcanoes of the CFc western sector. Based on 632 

a detailed stratigraphic study, and sedimentological and textural analyses of the tephra 633 

deposits, we divided the eruptive event into two, time-separated sequences, which share some 634 

common characteristics. The Baia eruptive episode began in a shallow-water environment 635 

with the emplacement of a breccia (Unit I), rapidly followed by an alternation of fallout and 636 

PDC emplacement deposits (Unit II). Sedimentological and textural analyses suggest that this 637 

was the peak phase of the eruption, which progressively waned to surge activity associated 638 

with Vulcanian-like explosions (Unit III). The passage from Unit I to Units II-III was also 639 

marked by a vent shift, which moved on-land. The nature of the deposits also suggests that, 640 

during this phase, the fragmentation was purely magmatic. After a short pause, the eruptive 641 

activity renewed with the onset of the Fondi di Baia episode, south of the Baia crater and 642 

along a N-S structural alignment, which represents a structural boundary of the caldera. The 643 

new activity was represented by a second breccia deposit (Unit IV), which marked the onset 644 

of the FdB event. The final phase of the eruption (Unit V) partly resembles that during the 645 

final stage of Unit II, apart from the presence of obsidian clasts and the lack of clear fallout 646 
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layers. Textural features of the juvenile fraction (lower vesicularity and VNDs) also indicate 647 

lower intensity during this phase. The large range of groundmass glass compositions, related 648 

to differing proportions among more (phonolitic-trachytic) and less (tephriphonolitic-latitic) 649 

evolved end-members, also suggests that the eruption was fed by a complex reservoir. This 650 

was progressively drained during the course of the two eruptive sequences, with an increase 651 

of less evolved magma during the Fondi di Baia episode, but with the majority of the magma 652 

volume involved being represented by the more evolved composition.   653 
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 812 

 813 

Figure captions 814 

Figure 1. Shaded relief map (after Tarquini et al. 2007) of the Pozzuoli and Naples bays. 815 

Black points represent outcrops surveyed in this work. Dashed ellipse encloses the area which 816 

roughly includes the proximal deposits along the crater rims. Red points are the proximal 817 

sections used in the deposits description. Key sections of Baia (1) and Fondi di Baia (2 and 3) 818 

deposits are also indicated. Dashed black and red lines refer to the inferred CI and NYT 819 

caldera borders, respectively. 820 

 821 

Figure 2. Pictures of the Baia succession. (a) Opening breccia (Unit I) which overlies the 822 

basal paleosoil. (b) Fallout and PDC deposits of Unit II. (c) Detail of a pumice layer shown in 823 

(b). (d) PDC layers of the upper part of Unit II. (e) Detail of a breadcrust bomb shown in (d). 824 
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(f) Cross-bedding of surge deposits of Unit III. (g) Pumice fallout deposit of Unit II overlying 825 

a paleosoil 20 km north of the vent. 826 

 827 

Figure 3. Idealized composite stratigraphy of the different phases of the eruption. Analyzed 828 

samples and sedimentological data are also reported on the right. The pie charts represent 829 

juvenile, lithic and obsidian proportions.    830 

 831 

Figure 4. Pictures of the Fondi di Baia succession. (a) Detail of the contact between the fallout 832 

phase (Unit II) of the Baia eruption which overlies the basal paleosoil, and the opening 833 

breccia of the Fondi di Baia eruption (Unit IV). An oxidation layer separates the two deposits. 834 

(b) Detail of the altered, opening breccia of the Fondi di Baia eruption. Outcrop is 3 m in 835 

thickness. (c) PDC deposits of Unit V. Outcrop is 2.5 m high. 836 

 837 

Figure 5. (a) Isopach and (b) isopleth maps of the Baia fallout phase of Unit II. All values are 838 

expressed in cm. In the isopleth map, black and white values represent the combination of the 839 

five largest clasts and for the 50th percentile of the distribution of the maximum clasts, 840 

respectively. Red dots refer to samples used for the reconstruction of the total grain-size 841 

distribution. 842 

 843 

Figure 6. Total grain-size distribution of Unit II fallout deposits determined by Voronoi 844 

tessellation.  845 

 846 

Figure 7. (a) to (d) examples of breadcrust, banded bombs from Unit II. (e) and (f) are back-847 

scattered scanning electron microscope images of dense and vesicular, banded juvenile clasts, 848 

respectively. 849 

 850 
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Figure 8. Bulk density (kg/m3) and vesicularity (vol.%) trends of the representative samples 851 

for the different phases of the two eruptive successions. See Table 2 for data. 852 

 853 

Figure 9. Bulk density (g cm-3), vesicularity (vol.%), VNDs (cm-3) and decompression rate 854 

(MPa s-1) variations for the eruptive succession. Variations in SiO2, CaO and K2O (wt%) 855 

contents are also given. 856 

 857 

Figure 10. Vesicle Volume Distributions (VVDs) plots for modal, low- and high-density 858 

fragments analyzed from the samples of the two eruptive successions. See Table S1 for data. 859 

 860 

Figure 11. Total alkali vs. silica diagram (TAS, after Le Maitre et al. 1989) with the fields 861 

indicating groundmass glass compositions. Baia (white diamonds) and FdB (gray squares) 862 

whole rock compositions are also shown. 863 

 864 

Figure 12. Schematic model of the eruption. Opening breccia (Unit I), fallout- and PDC- (Unit 865 

II) and surge-dominated (Unit III) phases of the Baia event. Opening breccia (Unit IV) of the 866 

Fondi di Baia eruption followed by PDC deposits (Unit V) accompanied by ballistic showers 867 

of obsidian bombs. 868 

 869 

Table 1. Labels, UTM locations, distances from the vent and sedimentological parameters of 870 

the samples collected and analyzed in this work. SKI and KG refer to Skewness and Kurtosis of 871 

the grain-size distributions. F1 and F2 are the fractions finer than 1 mm and 63 m, 872 

respectively. For componentry analyses, wt.% of analysed sample is reported. 873 

 874 

Table 2. Bulk density (kg/m3) and vesicularity (vol.%) data of the analyzed samples. 875 

 876 
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Figure S1. Table showing backscattered images of the MD, LD and HD analyzed clasts from 877 

the different samples. 878 

 879 

Figure S2. Cumulative Vesicle Size Distribution (CVSD) and cumulative volume fraction 880 

plots of the different analyzed samples. 881 

 882 

Table S1. Textural parameters of investigated samples from Baia – Fondi di Baia eruptions. 883 
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Table 1.   Labels, locations, distances from the vent and sedimentological parameters of the samples collected and analyzed in this work. 

Sample UTM Unit Eruption Distance  
km 

MdΦ σΦ Sorting F1 F2 SKI KG Juvenile 
% 

Obsidian 
% 

Lithic 
% 

% analyzed 

BFB3 
33T 421655 

4519327 II Baia 0.3 -2.47 3.91 Poorly sorted 24.9 11.9 0.5 0.8 50.9 − 49.1 69.8 

BFB4 
33T 421655 

4519327 II Baia 0.3 -1.12 2.69 Poorly sorted 24.4 6.9 0.3 1.1 77.3 − 26.6 66.5 

BFB5 
33T 421794 

4519371 II Baia 0.4 -2.45 2.25 Poorly sorted 12.3 5.4 0.4 1.3 77.9 − 22.1 80.5 

BFB13 
33T 421794 

4519371 II Baia 0.4 -2.33 2.87 Poorly sorted 19.8 7.5 0.5 1.2 77.4 − 22.6 75.3 

BFB14 
33T 421794 

4519371 II Baia 0.4 2.54 3.11 Poorly sorted 70.2 29.1 -0.1 0.7 86.2 − 13.8 21.7 

BFB15 
33T 421794 

4519371 II Baia 0.4 1.14 3.80 Poorly sorted 51.3 18.0 -0.0 0.7 91.7 − 8.3 39.3 

BFB16 
33T 421794 

4519371 II Baia 0.4 -1.61 3.23 Poorly sorted 27.9 10.6 0.4 0.9 90.1 − 9.9 64.7 

BFB17 
33T 421794 

4519371 II Baia 0.4 -3.13 1.52 Well sorted 9.1 4.2 0.5 2.0 91.9 − 8.1 88.4 

BFB18 
33T 421794 

4519371 II Baia 0.4 -0.81 3.68 Poorly sorted 31.4 12.6 0.3 0.9 70.3 − 29.7 59.2 

BFB6 
33T 421794 

4519371 II Baia 0.4 0.03 2.84 Poorly sorted 38.2 6.5 0.2 0.9 87.5 − 12.5 48.6 

BFB7 
33T 421794 

4519371 II Baia 0.4 -1.06 4.07 Very poorly sor. 30.1 14.9 0.3 0.8 86.0 − 14.0 62.2 

BFB8 
33T 421794 

4519371 II Baia 0.4 -1.76 3.43 Poorly sorted 25.2 12.6 0.4 0.9 51.5 − 48.5 68.0 

BFB9 
33T 421762 

4519528 III Baia 0.5 -1.70 2.50 Poorly sorted 16.6 3.4 0.2 1.5 75.1 − 24.9 71.2 

BFB10 
33T 421762 

4519528 III Baia 0.5 -1.14 2.29 Poorly sorted 19.6 8.2 0.3 1.3 63.1 − 36.9 69.5 

BFB11 
33T 421762 

4519528 III Baia 0.5 -1.53 2.51 Poorly sorted 18.3 5.0 0.3 1.2 73.4 − 26.6 72.9 

BFB12 
33T 421780 

4517497 V FdB 1.6 -1.13 3.97 Poorly sorted 30.1 13.0 0.3 0.8 69.8 0.02 30.1 61.0 

BFB36 
33T 422063 

4518067 V FdB 1.1 0.21 3.42 Poorly sorted 41.9 10.1 0.2 0.8 77.4 1.3 21.3 51.2 

BFB37 
33T 422063 

4518067 V FdB 1.1 -2.53 3.02 Poorly sorted 19.8 7.0 0.5 1.1 69.1 0.4 30.5 75.1 

BFB38 
33T 422063 

4518067 V FdB 1.1 -1.80 3.24 Poorly sorted 22.0 6.5 0.3 0.9 58.7 0.3 41.0 71.2 

BFB22 
33T 421383 

4522466 distal Baia 7 -2.90 1.38 Well sorted 4.0 0.1 0.2 1.2 − − − − 

BFB24 
33T 425090 

4523899 distal Baia 12 -1.21 4.21 Very poorly sor. 41.6 9.9 0.3 0.6 − − − − 

BFB27 
33T 428103 

4524476 distal Baia 15 -1.48 3.80 Poorly sorted 37.8 7.1 0.5 0.6 − − − − 

BFB29 
33T 421836 

4517532 distal Baia 1.7 -1.59 2.80 Poorly sorted 22.6 2.7 0.3 0.9 − − − − 

BFB32 
33T 430156 

4525835 distal Baia 20 -1.75 3.51 Poorly sorted 29.7 6.1 0.5 0.7 − − − − 

BFB34 
33T 426939 

4528047 distal Baia 25 -2.46 1.21 Well sorted 7.2 1.2 0.3 1.7 − − − − 

BFB39 
33T 428747 

4527834 distal Baia 21 1.19 3.56 Poorly sorted 51.2 10.2 -0.0 0.6 − − − − 

Table 1



 



 

Table 2.  Bulk density (kg/m3) and vesicularity (vol.%) data of the analyzed samples. 

Sample Unit Eruption (phase) 
Density  
(kg m-3) 

Standard 
Deviation 

Vesicularity 
(vol.%) 

BFB1 II Baia (fallout deposit) 530 ±160 78 
BFB5 II Baia (fallout deposit) 520 ±160 78 

BFB17 II Baia (fallout deposit) 510 ±120 79 
BFB7 II Baia (flow deposit) 740 ±450 69 
BFB9 III Baia (surge deposit) 740 ±220 69 

BFB37 V FdB (flow deposit) 910 ±90 62 

Table 2




