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Abstract

Ash samples from tephra layers correlated with the Pomici di Avellino (Avellino Pumice) eruption
of Somma-Vesuvius were collected in distal archives and their composition and particle
morphology investigated in order to infer their behaviour of transportation and deposition.
Differences in composition and particle morphol ogies were recognised for ash particles belonging
to the magmatic Plinian and final phreatomagmatic phases of the eruption. The ash particles were
dispersed in opposite directions during the two different phases of the eruption, and these directions
are also different from that of coarse-grained fallout deposits. In particular, ash generated during
magmatic phase and injected in the atmosphere to form a sustained column shows a prevailing SE
dispersion, while ash particles generated during the final phreatomagmatic phase and carried by
pyroclastic density currents show a general NW dispersion. These opposite dispersions indicate an
ash dispersal influenced by both high and low atmosphere dynamics. In particular, the magmatic

ash dispersal was first driven by stratospheric wind towards NE and then the falling particles



encountered a variable wind field during their settling, which produced the observed preferential SE
dispersal. The wind field encountered by the rising ash clouds that accompanied the pyroclastic
density currents of the final phreatomagmatic phase was different with respect to that encountered
by the magmatic ash, and produced a NW dispersal. These data demonstrate how ash transportation
and deposition are greatly influenced by both high and low atmosphere dynamics. In particular,
fine-grained particles transported in ash clouds of small-scale pyroclastic density currents may be
dispersed over distances and cover areas comparable with those injected into the stratosphere by
Plinian, sustained columns. Thisis apoint not completely addressed by present day mitigation plans
in case of renewal of activity at Somma-Vesuvius, and can yield important information also for

other volcanoes potentially characterised by explosive activity.
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tephralayers

1. Introduction

Volcanic ash (diameter < 2 mm) isthe result of intense magmatic or phreatomagmatic
fragmentation during explosive eruptions. After injection into the atmosphere, the ash is dispersed
as convective columns and umbrella clouds, which are subjected to the combined effects of gravity
and wind speed, or are transported close to the ground as pyroclastic density currents (e.g. Cas and
Wright, 1987). Irrespective of the eruptive mechanism or intensity, ash particles usually affect wide
areas around vol canic centres, and have a greater mobility than the coarse-grained parental deposits.
Thisismainly due to the effect of atmospheric viscosity that influences their settling behaviour in

much more efficient way than that of coarse-grained and heavier particles (Bonadonnaet al., 1998;



Dellino et a., 2005). Furthermore, the longer time of residence in the atmosphere with respect to the
coarse particles alows also low-altitude, highly variable winds to have an important rolein the
dispersal behaviour of fine ash.

Research in genesis, dispersal and accumulation of ash during and after explosive eruptionsistopic
in the current research in volcanology (e.g. Zimanowski et al., 2001). Fine ash preserve important
information about fragmentation mechanisms and energy budget of the eruption (Dellino and La
Volpe, 1995; Buttner et al., 2006). Dispersal and deposition of ash has also serious implications
when dealing with volcanic hazard evaluation. The accumulation of ash can induce roof collapses
(e.g. Blong, 2003), interruption of lifelines (roads, railways, etc.), closure of airports and noise to
communication or electric lines (e.g. Blong, 1984). The injection of ash into the atmosphere can
cause damage to aircraft or can impact public health causing, for example, respiratory problems
(e.g. Horwell et al., 2003; Horwell and Baxter, 2006). Ash deposition decreases soil permeability,
increases surface runoff, and promotes floods (Zanchetta et a., 2004; Favalli et a., 2006). Ash
leachates (Dahlgren et a., 1999; Armientaet al., 2002; Witham et al., 2005) can result in pollution
of water resources (Stewart et a., 2006), damage to agriculture and forest, impact pasture and
livestock health, impinge on aquatic ecosystems and alter the geochemical environment of the
seafloor (e.g. Haekel et al., 2001). All these processes and impacts call for a care consideration in
assessing volcanic hazard over large areas far beyond the volcano surroundings.

Despite some recent advances in understanding the impact of fine ash on environment and
infrastructure (e.g. Blong, 1984; Haekel et al., 2001; Witham et al., 2005; Stewart et a., 2006), the
dynamic of dispersal of fine ash remains poorly understood, and consideration of the associated
hazards have not yet been fully addressed and included in the mitigation plans.

The Pomici di Avellino (PdA) eruption of Somma-Vesuvius (Lirer et a., 1973; Santacroce, 1987;
Cioni et a., 2000) represents an unique opportunity to shed light on dispersal of fine ash during
explosive eruptions. Thisis because the PdA eruption was characterised by two clearly distinct

eruptive phases. an initial sustained column phase driven by magmatic fragmentation and



dominated by fall deposits, and a final phreatomagmatic phase dominated by generation of
pyroclastic density currents (Cioni et a., 2000). Furthermore, ash particles generated during the two
phases have different, idiosyncratic morphologies and partially different chemical composition,
which make their detection and discrimination of the respective eruptive phase straightforward even
in distal archives.

This paper deals with the morphologic and compositional study of distal ash (tephralayers) of PdA
eruption recognised in different archives from central and southern Italy (Fig. 1). Morphology and
composition of these distal tephra layers demonstrate how small-volume PDCs can disperse fine ash
at distances comparable with those commonly reached by particles dispersed by high-altitude

sustained columns.

2. Outline of Pomici di Avellino eruption

2.1. Proximal stratigraphy

The PdA eruption of Somma-Vesuvius (Lirer et a., 1973; Santacroce, 1987; Cioni et a., 2000)
occurred during the Ancient Bronze Age (Cioni et a., 2000), and has a best estimated maximum
age of 3930 + 20 *C yr BP (4370 + 40 ca yr BP; Santacroce et al., this volume). Cioni et al. (2000)
divided the stratigraphic succession in three main phases (opening, magmatic Plinian and
phreatomagmatic; Fig. 2), and five Eruption Units (EU1 to 5; Fig. 2; sensu Fisher and Schminke,
1984), which represent the most recent and complete description of the PdA eruption. Based on a
more detailed stratigraphy of the final phreatomagmatic succession, four main depositional units
can be identified within EU5 (from ato d; Fig. 2). In particular, the interbedding of fine ash at
different heights within the EUS5 succession helped in the identification of the different depositional

units.



Fallout deposits dominate the opening and magmatic Plinian phases, while PDC deposits represent
the most part of the last erupted deposits (phreatomagmatic phase). A pair of white pumice lapilli
and brownish ash deposits occur at the very base of the stratigraphic succession, defining the
opening phase of the eruption (EUla and b; Fig. 2). Their dispersal is limited to few km in NE
direction. The main falout deposits, emplaced during the magmatic Plinian phase, comprise well-
sorted pumice lapilli with abundant accidental lithics, which show a sharp change in colour from
white at the base (EU2; Fig. 2) to grey at the top (EU3; Fig. 2). Both fans of fallout deposits have a
NE direction, and dispersed coarse ash and lapilli over a narrow area across the southern Italy (Fig.
1). Assessed peak mass discharge rate was of 5.7x10” kg/s during EU2 and 1.7x10° kg/s during
EU3, which correspond to column heights of 23 and 31 km respectively (Cioni et al., 2000).

Only one, small PDC interbeds the Plinian succession, and crops out at about half height of the EU3
deposits (Fig. 2). A thin, fallout deposit of pumice and lithic lapilli (EU4; Fig. 2), occurs at the top
of the EU3 deposits, and closes the magmatic Plinian phase of the eruption (Fig. 2). It dispersed few
centimetres of coarse ash and lapilli up to a distance of around 15 km in NE direction (Cioni et dl.,
2000). PDC deposits dominate the phreatomagmatic part of the stratigraphic succession. They are
mainly fine-grained, massive to dune-bedded ash deposits with internal cross-stratification, which
show a prevalent western and north-western dispersion (Fig. 1). Ten centimetres of coarse and fine

ash have been recognised up to a distance of more than 20 km from the volcano slopes.

2.2. Distal tephralayers of the Avellino eruption

In the last decade, distal tephralayersrelated to the Avellino eruption have been recognised in both
marine and lacustrine archives (Calanchi et al., 1996; 1998; this volume; Ramrath et al., 1999; Wulf
et a., 2004; Drescher-Schneider et al., 2006; Lowe et a., 2007; Magny et a., 2007). Among these
tephralayers, only TM4 from Lago Grande di Monticchio succession (Wulf et a., 2004) preserves
an internal lithology similar to the proximal deposits, which comprises white pumice at the base

(EU2) and grey ash at the top (EU3). Other lacustrine tephralayers occur as thin fine-ash layers,



usually light-brown or light-grey in colour, which mainly comprise glass shards and blocky glass
fragments (Calanchi et al., 1996; Ramrath et al., 1999; Drescher-Schneider et a., 2006; Magny et
a., 2007). Their very limited thickness usually prevented any accurate lithological description, and
then a precise correlation with proximal EUs, which can only be inferred by composition of glass
shards. The same difficult in correlating distal deposits with a certain EU still holds also for marine
tephra layers recognised in cores from the Adriatic sea, in which they usually occur as cryptotephra
dispersed in the sediments (Calanchi et a., 1998; this volume; Lowe et al., 2007). Therefore, the
correlation of these marine and lacustrine tephra layersis often inferred by combining and assessing
the consistency of compositional, lithological and chronological data (Table 1). It isimportant to
note that the assignment of tephralayer from Adriatic sea core IN68-30 (20 cm depth; Table 1) has
here been reinterpreted, because it was previously correlated to one of the AP eruptions (Calanchi et
al., 1998; this volume). The new attribution is based on compositional matching with EU3 deposits
of PdA eruption and on the absence of |eucite crystalsin the groundmass of the 20 cm depth tephra

layer, which is characteristic of AP related tephras (Andronico and Cioni, 2003).

3. Analytical methods

Samples of distal tephralayers of PdA deposits were collected at Pian di Pecore, Basento and Lago
di Mezzano sites (Fig. 1). Grain size distribution of deposits from Basento and Pian di Pecore sites

were obtained using a Coulter multisizer (Beckman Coulter Inc., USA) in the fractions between 2.0
and6.5f (250 - 11.2 nm). Grain size parameters were calculated using the program GRADISTAT
(Blott and Pye, 2001).

Energy-dispersive-spectrometry (EDS) analyses of glass shards and glasses from pumice fragments
were performed at the Dipartimento di Scienze della Terra (University of Pisa), using an EDAX-

DX micro-analyser mounted on a Philips SEM 515 (operating conditions: 20 kV acceleration



voltage, 100s live time counting, 10° A beam current, beam diameter ~ 500 nm, 2100 shots per
second, ZAF correction). The ZAF correction procedure does not include natural or synthetic
standards for reference, and requires the analyses normalization at a given value (which is chosen at
100%). Analytical precision is of 0.5 % for abundances higher than 15 wt. %, 1 % for abundances
around 5 wt. %, 5 % for abundances of 1 wt. %, and less than 20 % for abundances close to the
detection limit (around 0.5 wt. %). Accuracy of measurementsis around 1 %, a value analogue to
that obtained using wave dispersion spectroscopy (WDS), as tested by Marianelli and Sbrana
(1998). Comparison of EDS and WDS micro-analyses carried out on the same samples has shown
differences less than 1 % for abundances greater than 0.5 wt. %.

Morphology of ash fragments was examined by scanning electron microscopy (SEM), to try to
discriminate between magmatic and phreatomagmatic fragmentation (Buttner et al., 1999), and to
yield information about the post-fragmentation history of juvenile fragments (Dellino and La Volpe
1995). Particularly suitable for morphology investigations are ash particles between f 3.5 (0.090
mm) and f 3 (0.125 mm; Dellino and La Volpe 1995), but fragments less than 50 mm were
examined for samples from Pian di Pecore, Basento and Lago di Mezzano sites due to the fine grain

size of distal tephra deposits.

4, Results

The correlation of distal tephralayers with PdA deposits has been established, basing on
stratigraphic position and chronology (Table 1), coupled with chemical composition of glass
(Tables 2, 3 and 4) and mineral phases. Inspection of EDS chemical analyses listed in Tables 2-4
show that composition of glass from proximal fallout deposits (white and grey pumice deposits,
Fig. 2) have a peculiar high content in Al,O3; (mainly in the range 21-24%, Table 2) associated with

amain range in SiO, content of 55-57 %, while the mean content of Fey: doubles its abundance



from white pumice (1.5 %) to grey ones (3 %) and CaO triplicates (1.6-5.5 %; Table 2). Samples
from final phreatomagmatic phase (EU5, Fig. 2) show a double composition, with part of the
analyses that matches the composition of glass from EU2 and EU3 deposits (EU5a; Table 2), and
part that has a more evolved composition, reaching 68 % in SiO, (EU5h, Table 2). The peculiar
composition of EUS depositsis particularly evident in silicaversus akali ratio and CaO (Fig. 3a, b),
and Al,O3 versus Ca0 and Fey; diagrams (Fig. 3c, d). The composition of EU5-b samples plot
outside the compositional liquid lines that can be traced between the EU2 and EU3 products (Fig.
3b, ¢, and d). Indeed, in the Al,O3 versus Ca0 and Feg diagrams (Fig. 3c, d) the EU5-b samples
seem to describe a different evolutionary trend with respect t the other samples of PdA eruption. If
we consider the glass composition of the other Somma-V esuvius eruptions Santacroce et a. (this
volume), the EU5-b samples match only that of the Schiava eruption, a poorly known explosive
event recently attributed to the ancient Somma-V esuvius activity (about 36 cal. kaBP; Di Vito et
al., thisvolume; Santacroce et a ., this volume). Thick (around 60 m) ashy deposits of Schiava
eruption were drilled in the Camaldoli della Torre area (Di Renzo et al., 2007), located very close to
the southern rim of the Piano delle Ginestre area (the vent area of PdA; Cioni et a., 2000; Fig. 1).
The high explosivity that characterised the final phreatomagmatic phase of PdA eruption (Cioni et
al., 2000) could have facilitated the mechanical crushing of the weak ashy deposits of the Schiava
eruption, which were then entrapped in the eruptive mixture in the same way as the other lithic
fragments of the volcanic and bedrock pile. Glass shards of Schiava eruption are usually crystal
free, Y-shaped or curved fragments quite similar to those of the EU2 deposits of PdA eruption, and
their visual distinction under the optical or electronic microscope isimpossible. Therefore, the
evolved glass composition of EU5-b can be considered as due to lithic components and not to be
representative of the most evolved magma involved in the Avellino eruption. In any case, the EU5-

b glass composition is amarker of the final phreatomagmatic phase of PdA eruption, since glass



shards with this evolved composition are absent in the samples from the magmatic phase of the
eruption.

When plotted in the diagrams of Figure 3, the composition of the newly sampled deposits from
Basento and Pian di Pecore sites overlaps that of proximal fallout deposits (Fig. 3, Table 3),
whereas the glass from Lago di Mezzano site show a double composition similar to the EU5
deposits (Fig. 3; Table 3). Average analyses of aready published data are less indicative of
composition spectra, but they al plot in the magmatic fallout part of the diagrams (Fig. 3; Table 4).
Grain size analyses performed on sample from Pian di Pecore shows a polymodal, poorly sorted
distribution, with amain mode at f 2 (250 mm) and half of the material almost homogeneously
distributed between f 3andf 6.5 (125-11 nm; Fig. 4c). In turn, the sample from Basento basin site
shows unimodal, well sorted frequency distributions, with modal value at f 4.5 (Fig. 4d).

The morphoscopic analysis on samples from proximal deposits (EU2-3 and EU5), Lago di
Mezzano, Pian di Pecore and Basento sites (Fig. 1) shows peculiar differences among the analysed
fragments. Fragments from proximal fallout deposits are highly vesicular with fresh glass (neither
adhering particles nor patinae are visible; Fig. 5a, b). In turn, fragments from EU5 proximal
deposits are generally blocky, poorly vesicular, with cracks and adhering particles (Fig. 5¢-f).
Morphoscopic characteristics similar to those observed in proximal deposits can also be observed in
fragments from distal tephralayers. In particular, the fragments from Basento and Pian di Pecore
tephralayers are highly vesicular and with sharp and angular borders (Fig. 6a-d), while fragments
from Lago di Mezzano tephralayer are blocky to poorly vesicular, and show chemical pitting on the

clast surfaces (Fig. 6e-h).

5. Discussion



When dealing with correlation of distal tephralayers, one of the main source of error isthe
erroneous attribution of the tephra layers to proximal pyroclasts exhibiting similar composition and
lithology but emplaced by different (even close in time) explosive eruptions (e.g. Siani et al., 2004).
In the case of PdA tephra, the occurrence of at least three other widely dispersed tephralayers from
Somma-V esuvius dightly younger than PdA and with similar tephri-phonolitic composition (Proto-
historic 1-3 or AP1-3 eruptions; Rolandi et al., 1998; Andronico and Cioni, 2002), enhances the
probability of erroneous correlations. Some tephra layers related to APs eruptions were recognised
in distal lacustrine (Wulf et al., 2004; Drescher-Schneider et al., 2006) and continental successions
(Fig. 4a), and have lithology and composition similar to the PdA deposits. However, detailed
inspection of glass composition of PdA and APs deposits shows how they can be discriminated
using major elements chemistry, since AP products contain slight less SIO, and Al,Os3,
accompanied by an increase in Feg; with respect to the PdA ones (Fig. 7). An overlap of the two
compositions exists in the range 55-56% of SO, versus 3-4.5% of Fey (75-78% SO, plus Al,Og;
Fig. 7), but it concerns the more evolved part of AP1 and AP2 deposits and the less evolved part of
PdA deposits. Since these deposits are lithologically different (white pumice lapilli for AP1-2
deposits vs. grey-brown pumice lapilli for PdA deposits), smple field and |aboratory observations
of analysed material can help in confidently discriminate between the two possibilities. The analysis
of mineral phases can add further elements for discriminating between PdA and AP tephra layers,
because the first contains scapolite crystals (Cioni et a., 2000) that are absent in the second
(Andronico and Cioni, 2002). Scapolite crystals were recognised in micropumice fragments
sampled at Pian di Pecore site, confirming their correlation with the PAA deposits.

Once established the compositional-, mineralogical- and chronological-based correlation of the
analysed tephralayers with the PdA deposits, the morphoscopic analysis of samples from Lago di
Mezzano, Pian di Pecore and Basento sites (Fig. 1) allowed a precise attribution of the different
tephra layers with either the magmatic Plinian or the final phreatomagmatic phase of the eruption.

Thisis because fragments from the northward and southward dispersed tephra layers have different

10



diagnostic morphoscopic characteristics (Fig. 6). In particular, the particles from Pian di Pecore and
Basento sites have morphologies, vesicularity and composition that indicate they were generated
during the magmatic phase of the eruption. Since data from Lago Grande di Monticchio (TM-4
layer, Wulf et al., 2004) and from Adriatic sea (Calanchi et al., 1998) show homogeneous
composition, which matches that of the magmatic phase of the eruption, follows that ash from this
phase were dispersed towards south east (blue-shaded areain Fig. 8). On the other hand,
compositional and morphological evidences (Table 3; Fig. 6) indicate that tephralayers recognised
in lakes north of Somma-Vesuvius were dispersed during the final phreatomagmatic phase of the
eruption (red-shaded areain Fig. 8).

These opposite directions of dispersal substantially diverge from those of coarse grained fallout
deposits of EU2 and EU3, which show dispersions towards N65° and N55° respectively (Cioni et
al., 2000; Fig. 8).

These evidences oblige to consider conditions of transport influenced by changing wind direction
during the time-window between the end of the magmatic phase and the onset of the
phreatomagmatic one. Furthermore, the distribution of magmatic ash (Fig. 8) indicates the influence
of both high and low level winds (below 30 km of height) on their dispersal.

The settling of ash from a powerful, high Plinian column results in wider covered areasand in
longer time of deposition with respect to the coarse grained particles (e.g. Walker 1973; Carey and
Sparks, 1986; Pyle, 1989; Bonadonna and Phillips, 2003; Sulpizio, 2005). Thislonger settling time
allows the prolonged and effective interaction of falling particles with low level winds, which can
result in decoupling of falling coarse and fine particles, with preferential downwind deposition of
the fine grained pyroclastics. This process can produce differences in content of fine particlesin
fallout deposits located upwind or downwind (e.g. Waitt et al, 1981; Sulpizio et a., 2005) and/or
distortion of isopachs (e.g. Sulpizio et a., 2005). The grain size of particles effectively influenced
by this process varies in function of aerodynamics characteristics of particles (Dellino et al., 2005),

air viscosity (Bonadonnaet al., 1998) and low-level wind speed. The inspection of grain size
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distribution of a sample from EU3 fallout deposits collected 70 km downwind from the Somma-
Vesuvius shows how it represents the coarser counterpart of the Basento sample, which islocated
around 160 km in SE direction (Fig. 8b). Thisis acompelling evidence, together with dispersal area
of tephralayers from the magmatic phase of the eruption, which deposition of ash involved in the
sustained column dynamic was influenced by low level wind that blew from NW to SE (blue arrow
in Fig. 8). Further support to the hypothesis of variable wind field patterns with height is provided
by the seasonal wind directions and speeds for southern Italy (Costaet al., 2007), which shows how
low level winds are more variable in direction than stratospheric jets (Fig. 9). In particular,
stratospheric jets statistically blow from west to east for the majority of the year, in agreement with
the dispersal of coarse grained fallout deposits of PdA eruption (Fig. 8) and other large explosive
eruptions of Somma-Vesuvius (Cioni et a., 2003). Beyond statistics, daily life experience
demonstrates how low level winds can have very variable directions and speed, following local
weather conditions, and this can alter significantly the distribution on land of fine grained deposits.
Since powerful sustained columns did not occurred during the final phreatomagmatic phase (EU5),
which was dominated by pyroclastic density current generation (Cioni et al., 2000), the dynamics of
dispersal of fine ash was controlled by flow behaviour and atmospheric conditions that probably not
included stratospheric jets. Thisis because the ability of a convective mixture to rise through the
atmosphere is mainly function of balance between buoyancy-generated turbulence and gravitational
force, and can be expressed by the mass flux (that carries both heat and mass) that fed the lofting
plume (Wilson et al., 1980; Carey and Sparks, 1986; Wilson and Walker, 1987), which, for small
size PDCs, is significantly lesser than that of the Plinian column. Weak volcanic plumes usually
reach few km of height (e.g. Bonadonna et al., 2005; Scollo et al., 2007) and cannot cross the
inversion layer that defines the top of the troposphere also in extra-tropical regions (e.g. Birner et
a., 2002; Birner, 2006; Son and Polvani, 2007), which prevents the plume from rising higher.
Similarly to the magmatic ash, also during the final phreatomagmatic phase the capability of fine

ash to be maintained in suspension during transport in the atmosphere over long distances mainly
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depends on maximum height reached in the atmosphere, intensity of driving wind and their
aerodynamic properties. In the case of tephralayers related to EUS PDCs, their dispersal indicates a

wind direction towards NW (red arrow in Fig. 8).

6. Conclusions

The collected data on dispersal of ash from sustained columns and phoenix clouds of pyroclastic
density currents demonstrated how the transport/deposition of fine grained material is a complex
process, which includes aerodynamic characteristics of particles and dynamic of high and low
atmosphere. This has great relevance when dealing with assessment of volcanic hazard, because
these data demonstrate how wide distal areas, far beyond those affected by deposition of coarse-
grained fallout and pyroclastic flow deposits, can be threatened by ash sedimentation. In particular,
collected data demonstrate how centimetric ash blankets from phoenix plumes of small volume
pyroclastic density currents can be dispersed hundred of kilometres away from the source area, a
characteristic to date described only for large ignimbrite eruptions. Since ash deposition is a major
problem in case of explosive eruptions (e.g. Blong, 1984; Haekel et al., 2001; Horwell and Baxter,
2006), and hazard evaluation plans at Somma-V esuvius is based on dispersal of coarse-grained
fallout deposits (e.g. Cioni et a., 2003) and proximal pyroclastic flow deposition (Santacroce et .,
1998), future mitigation plans must include additional hazards related to dispersion of ash driven by

high and low atmosphere dynamics.
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Figure captions

Figure 1 — Location map of the studied sites. The 1 cm isopachs of white and grey pumice fallout
deposits are reported as white and black ellipses, respectively (from Cioni et a., 2000). In the
framework in the upper right angle is reported a schematic dispersion of proximal pyroclastic
density current deposits from the final phreatomagmatic phase (thickness in cm). The thick black
line delimits the Piano dell Ginestre area. Grey circle indicates the inferred vent of PdA eruption.

CdT= Camaldoli della Torre drilling point.

Figure 2 — Schematic stratigraphic succession of the Pomici di Pomici di Avellino eruption.

Figure 3—SiO, vs. akali ratio and Ca0, and Al,O3 vs. CaO and Fe; diagrams for proximal and
distal deposits of the Avellino eruption. The dashed linesin Al,O3 vs. Feg; diagram indicates liquid
lines of descent. The letters a and b indicate two different compositions found in the
phreatomagmatic deposits of the proximal area (EU5) and in the tephralayer from Lago di
Mezzano. The label EU2+EU3 indicates the composition of proximal fallout deposits. Av=average
data. RF93-30 from Calanchi et a., 1998; TM4 from Wulf et a., 2004; Nemi from CAlanchi et a.,

1996; Schiavafrom Santacroce et d ., this volume.

Figure 4 — Distal tephralayers and grain size data. @) Pomici di Avellino tephralayer at Basento
basin site. Note the overlying tephra layer of AP3 eruption (2710 + 60 **C yr BP; Rolandi et al.,
1998) from Somma-Vesuvius. The scaleis two meterslong; b) Exposure of ash from Pomici di
Avellino eruption at Pian di Pecore site; ¢) grain size distribution of ash collected at Pian di Pecore

site; d) grain size distribution of ash collected at Basento basin site.
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Figure 5 — Scanning electron microscope images of particles from proximal magmatic (aand b) and

phreatomagmatic (c-f) deposits of Pomici di Avellino eruption.

Figure 6 - Scanning electron microscope images of particles from distal tephralayers; a-b) Basento

site; c-d) Pian di Pecore site; e-h) Lago di Mezzano site.

Figure 7 — SiO, vs. Feg: and SIO+AI,O3 vs. Fe diagrams of Pomici di Avellino and APs
eruptions. TB1=Pomici di Avellino tephrafrom basento basin; TB2=AP3 tephrafrom Basento
basin. AP data from Andronico and Cioni (2002), EU2 and EU3 proximal data from Santacroce et

a. (thisvolume).

Figure 8 — Different dispersal areas of ash from magmatic Plinian (blue shaded area) and final
phreatomagmatic (red shaded area) phases of the eruption. The 1 cm isopachs of white and grey
pumice fallout deposits are reported as white and black ellipses, respectively (from Cioni et al.,
2000). Arrows indicate the inferred direction of stratospheric and lower levels winds during the
different phases of the eruption. White arrow=direction of stratospheric winds during EU2
deposition; Black arrow= direction of stratospheric winds during EU3 deposition; Blue arrow=
direction of low level winds during EU3 deposition; Brown arrow=direction of low level winds
during pyroclastic density current generation during the final phreatomagmatic phase. A sketch of
wind azimuths during the different eruptive phases is shown in the lower left corner. Grain size
distributions of EU3 fallout deposits sampled at ca 70 km from the vent and tephra layers from
basento and Pian di Pecore sites are reported in the inserted diagrams. X axisindicates grain size

expressed asf units, while Y -axis indicates % of abundance.

Figure 9 — Seasonal and whole year atmospheric wind direction at 5, 10, 20, and 30 km of altitude

recorded at xx meteorological station (from Costaet a., 2007, modified).
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Table captions

Table 1 — Summary of the samples of distal tephralayers of Pomici di Avellino eruption used in

this study.

Table 2 — EDS chemical analyses on glass of proximal samples of fallout (EU2 and EU3) and
phreatomagmatic pyroclastic density current (EU5) deposits. The two different compositional

groups found in EU5 deposits were distinguished with Greek lettersa and b.

Table 3 - EDS chemical analyses on glass of distal tephralayers collected at Lago di Mezzano, Pian
di Pecore and Basento basin sites. The two different compositional groups found in Lago di

Mezzano sample were distinguished with Greek lettersa and b.

Table 4 — Literature EDS and EPMA data of distal tephralayers of Pomici di Avellino eruption.
RF93-30=sample from a central Adriatic marine core (Calanchi et al., 1998); IN68-9= sample from
a south Adriatic marine core (Calanchi et al., this volume); LGM=lago Grande di Monticchio,
tephralayer TM4 (EPMA data; Wulf et a., 2004); LNEMI=Lago di Nemi (Calanchi et a., 1996).
Average EDS data of glass from proximal deposits of Pomici di Avellino eruption are reported for

comparison.
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L ocality sample | Inferred age | Calendar age Lithology Thick. Reference
(yr BP) (cal yr BP)?
Lago 563 cm | Younger than | Younger than Phonoalitic glass shardswith | not av. | Drescher-Schneider
dell’ Accesa 3910+£30 4350+50 crystals of feldspar, biotite and et al., 2006; Magny
Older than Older than pyroxene et a., 2007
3355450 3590+70
Lago di - 3630+£30 3950+40 Light brown ash layer, which | 1cm Ramrath et al.,
Mezzano comprises light coloured glass 1999; This work
shards with vitric and/or
microcrystalline groundmass
and blocky fragments
Lago di Nemi | 450 cm 4100 yr BP 3cm | Chondrogianni et
al., 1996; Caanchi
et al., 1996
Marinecore | 530cm Older than Older than not av. Langoneet a.,
RF93-30 3960+60 4410+100 1996; Calanchi et
Younger than | Younger than a., 1998
5880+50 6280+50
Marine core 20cm - not av. Calanchi et dl.,
IN68-30 1998; this volume
Lago Grande | TM-4 - 4310 Basal white pumicefallout |0.6cm | Waulf eta., 2004
di Monticchio (varve-based deposits overlies by grey ash
age)
Pian di Pecore - Younger than | Younger than | Homogeneouslight grey fine | 30 cm | Pantosti et al., 1993;
3850455 yr BP 4280+100 This work
Basento TB1 - - Dark grey, loose, fineto coarse | 3cm This work

ash with sanidine, biotite and
pyroxene crystals
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EU2 (white

pumice)
SO, TiO, A|203 Ca0 Na,0O K,O CIO Total Tot.akali K,O/Na,O
FeOx MnO MgO
15392 046 2357 108 029 000 166 10.08 7.10 1.20 99.36 17.18 0.70
25514 010 2407 105 013 0.00 120 11.09 6.62 055 99.95 17.71 0.60
315576 000 2420 120 0.00 000 117 993 6.95 0.67 99.88 16.88 0.70
415622 000 2287 201 021 000 198 6.00 984 081 99.94 15.84 1.64
515566 017 2376 181 017 000 173 5.69 10.09 0.88 99.96 15.78 177
6 [ 5559 000 2364 211 025 0.00 210 455 10.63 1.01 99.88 15.18 2.34
7 (5628 000 2383 183 000 0.00 183 525 987 095 99.84 15.12 1.88
8 [56.04 000 2397 136 000 0.00 147 810 810 0.81 99.85 16.20 1.00
915678 000 2377 194 025 000 191 456 9.66 0.98 99.85 14.22 212
10| 5457 0219 2216 253 025 000 225 566 11.31 1.03 99.95 16.97 2.00
1115842 0.00 2447 169 000 000 158 430 842 094 99.82 12.72 1.96
12| 5727 022 2410 198 026 000 205 373 926 1.08 99.95 12.99 248
131 56.75 013 2424 08 000 000 117 951 6.63 0.62 99.91 16.14 0.70
1415953 0.00 2468 153 000 000 161 386 7.67 098 99.86 11.53 1.99
15| 56.14 0.00 2427 133 017 000 138 798 7.80 0.83 99.90 15.78 0.98
1615949 0.00 2449 140 000 000 150 420 8.02 091 100.01 12.22 191
1716005 013 2484 174 017 000 183 272 754 095 99.97 10.26 2.77
181 6023 0.00 2500 144 021 000 148 354 7.12 092 99.94 10.66 201
1915655 011 2316 139 012 000 174 728 890 0.70 99.95 16.18 1.22
205764 018 2310 126 000 0.00 166 645 898 066 99.93 15.43 1.39
215794 017 2282 168 018 0.00 212 398 10.27 0.79 99.95 14.25 2.58
225748 000 2341 19 017 0.00 190 344 10.76 0.76 99.82 14.20 3.13
231559 000 2393 133 021 000 147 819 795 0.82 99.86 16.14 0.97
2415622 015 2424 105 000 0.00 132 899 7.22 071 99.90 16.21 0.80
255754 014 2352 130 000 000 144 759 7.48 081 99.82 15.07 0.99
265605 000 2429 118 016 0.00 134 779 743 074 98.98 15.22 0.95
2715603 000 239 125 012 0.00 135 8.66 0.77 99.86 16.44 0.90
2815883 013 2419 128 000 0.00 151 595 7.19 085 99.93 13.14 121
295587 010 2434 144 011 0.00 099 947 741 025 99.98 16.88 0.78
EU3 (grey pumice)
Si02 T|02 A|203 Ca0 Na,0O K,O CIO Total Tot. alkali Kzo/Nago
FeOi MnO MgO
1545 034 2195 2838 000 000 446 636 7.82 121 99.61 14.18 1.23
2 5569 046 2170 366 0.00 000 427 467 863 063 99.71 13.30 1.85
35558 027 21.82 294 0.00 013 464 563 827 0.69 99.97 13.90 147
4 15567 026 2220 289 000 021 429 549 832 0.60 99.93 13.81 152
55554 026 2183 300 000 0.00 463 562 830 0.64 99.82 13.92 1.48
6 [ 55.73 027 2202 293 0.00 018 410 552 854 066 99.95 14.06 1.55
7 (5519 044 2167 315 0.00 0.00 461 555 849 064 99.74 14.04 153
8 5514 019 21.88 290 0.00 016 458 645 801 0.65 99.96 14.46 124
915685 027 2236 275 000 000 375 540 7.89 050 99.77 13.29 1.46
10| 5457 0.62 1954 494 000 011 877 404 629 039 99.27 10.33 1.56
1115574 019 2183 297 000 012 426 575 844 0.62 99.92 14.19 147
1215517 028 2200 303 000 016 464 598 800 058 99.84 13.98 1.34
1315498 026 2195 317 000 013 470 593 826 054 99.92 14.19 1.39
1415576 026 2197 294 000 012 417 585 819 071 99.97 14.04 1.40
15| 5528 052 2157 370 000 025 406 506 882 0.60 99.86 13.88 174
1615630 021 2212 260 000 000 366 628 806 0.60 99.83 14.34 1.28
1715681 028 2198 272 000 012 370 578 7.93 0.63 99.95 13.71 1.37
1815636 024 2232 279 000 000 382 555 824 059 9991 13.79 1.48
1915574 039 2180 310 000 000 422 492 901 0.68 99.86 13.93 1.83
205612 028 2239 268 000 015 376 580 813 061 99.92 13.93 1.40




2115618 022 2209 281 000 000 401 539 852 0.63 99.85 13.91 1.58
225557 030 2180 297 000 0.00 416 6.06 837 063 99.86 14.43 1.38
23| 5555 023 2186 318 000 013 439 512 897 053 99.96 14.09 1.75
2415634 030 2208 270 000 0.00 420 534 833 052 9981 13.67 1.56
2515472 043 2161 370 000 016 501 509 835 0.68 99.75 13.44 164
265523 031 2169 300 000 016 497 561 821 069 99.87 13.82 1.46
2715523 030 2200 279 000 000 475 6.13 794 0.66 99.80 14.07 1.30
2815598 030 2171 304 000 015 442 548 819 060 99.87 13.67 1.49
EU5a
Si02 T|02 A|203 CaO0 Na,0O K,O CIO Total Tot. alkali Kzo/Nago
FeOix MnO MgO
15778 036 2214 310 022 036 319 573 6.36 0.76 100.00 12.09 111
25709 027 2221 270 017 023 440 484 750 058 99.99 12.34 155
315740 045 2240 306 024 029 374 460 7.17 0.64 99.99 11.77 1.56
415754 038 2245 267 011 042 382 510 6.80 0.70 99.99 11.90 1.33
515730 035 2258 274 021 032 315 532 7.29 0.73 99.99 12.61 1.37
6 [59.67 033 2115 266 035 024 190 501 7.93 0.76 100.00 12.94 1.58
715779 017 2367 200 029 029 197 593 7.31 059 100.01 13.24 1.23
815984 072 1960 416 018 093 399 320 6.92 0.46 100.00 10.12 2.16
91559 066 1920 556 0.00 167 533 339 7.67 056 10000 11.06 2.26
10(56.36 011 2335 183 000 034 196 750 792 0.64 100.01 15.42 1.06
1115654 016 2225 284 008 049 38 573 753 052 100.00 13.26 131
125672 010 2311 233 000 040 192 725 767 049 99.99 14.92 1.06
1315686 0.15 2151 306 000 051 379 511 839 0.63 100.01 1350 1.64
1415857 071 1906 484 000 149 468 329 6.98 0.38 100.00 10.27 212
EU5b
16800 026 1742 18 025 022 238 277 638 046 99.99 9.15 2.30
26763 023 1752 187 029 026 211 244 7.01 064 100.00 9.45 2.87
316814 015 1754 182 018 030 233 283 6.24 0.47 100.00 9.07 2.20
416763 025 1754 192 030 019 233 250 6.77 0.57 100.00 9.27 2.71
516718 022 1754 204 041 025 242 218 7.16 0.60 100.00 9.34 3.28
6 [6559 049 1781 252 009 029 269 286 7.00 065 99.99 9.86 245
716638 013 1776 202 009 044 227 327 7.06 057 99.99 10.33 2.16
8 6619 040 1780 215 0.00 041 252 272 725 0.56 100.00 9.97 2.67
916606 020 1798 236 032 023 241 306 6.77 0.62 100.01 9.83 221
10(66.05 037 1873 198 000 024 166 280 7.84 032 99.99 10.64 2.80
11| 6597 038 1847 257 019 023 167 389 579 0.85 100.01 9.68 1.49
1216525 044 1815 253 011 035 194 208 888 0.28 100.01 10.96 4.27
13| 6277 048 1941 324 043 039 188 39 6.52 095 100.02 10.47 1.65
1416158 053 1902 391 014 061 307 233 844 0.38 100.01 10.77 3.62
15| 6122 177 2022 108 000 0.72 298 251 951 0.00 100.01 12.02 3.79
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L.Mezzano a

SO, TiO, AlO; MnO MgO CaO Na,O K,O CIO Total Tot.alkali K;O/Na,O
FeOiq
1 | 588 029 2471 181 005 030 150 835 6.63 049 10001 14.98 0.79
2 | 568 026 239 225 017 021 174 782 6.06 0.75 10001 13.88 0.77
3 | 5601 027 2357 18 000 022 152 871 728 05 99.99 15.99 0.84
4 | 5560 024 2342 174 025 015 148 883 774 055 100.00 16.57 0.88
5 |5.86 008 2400 18 012 011 154 914 594 036 100.00 15.08 0.65
6 | 5580 024 2325 18 006 027 181 892 727 055 99.99 16.19 0.82
7 1519 019 2336 207 022 028 171 849 693 055 99.99 15.42 0.82
8 | 511 023 2339 28 015 021 164 850 741 055 10001 1591 0.87
9 | 564 017 2332 179 019 026 136 964 6.08 055 100.00 15.72 0.63
11 | 5945 014 2267 193 008 035 145 757 59 039 99.99 13.53 0.79
12 | 5652 020 2363 179 010 015 161 925 724 051 100.00 16.49 0.78
13 | 5572 000 2325 18 000 019 194 934 715 056 100.01 16.49 0.77
14 | 5639 014 2280 201 010 017 126 922 725 065 99.99 16.47 0.79
15 | 5593 019 2345 177 013 021 181 864 729 058 100.00 15.93 0.84

mean 5628 019 2348 195 012 022 160 874 687 054
stdev 104 0.08 0.50 0.29 0.08 0.07 0.19 0.58 0.62 0.09

L.Mezzanob
1 63.07 037 1931 169 000 016 111 320 11.08 0.00 99.99 14.28 3.46
2 6537 031 1806 209 009 029 243 253 836 047 100.00 10.89 3.30
3 6222 008 2182 071 000 012 077 574 850 0.04 100.00 14.24 1.48

mean 6355 025 1973 150 003 019 144 38 931 017
stdev 163 0.15 1.91 0.71 005 009 08 169 153 026

P. di Pecore
SO, TiO, AlO3 MnO MgO CaO Na,O K,O0 CIO Total Tot.alkali K,O/Na,O
FeOq
1 5708 051 2150 313 018 012 217 851 6.05 076 100.01 14.56 0.71
2 5728 050 2121 304 010 038 331 640 7.16 0.62 100.00 13.56 1.12
3 5708 030 2113 302 007 041 294 727 712 066 100.00 14.39 0.98
4 5694 026 2174 300 008 033 316 656 729 063 99.99 13.85 111
5 56.02 043 2141 318 013 053 342 555 872 059 99.98 14.27 1.57
6 5703 037 2139 291 000 035 275 731 726 063 100.00 14.57 0.99
7 5735 041 2087 310 010 047 255 526 934 054 99.99 14.60 1.78
8 56.47 042 2118 345 009 053 339 719 6.66 062 100.00 13.85 0.93
9 56.07 052 2120 358 012 067 396 573 756 060 100.01 13.29 1.32
10 | 5713 034 2119 310 012 036 341 615 756 064 100.00 13.71 1.23
11 | 5629 043 2064 39 021 026 187 880 641 113 99.99 15.21 0.73
12 | 5658 056 2060 400 018 059 360 6.76 638 073 9998 13.14 0.94
13 | 56661 030 2164 289 006 044 306 621 825 053 99.99 14.46 1.33
14 | 5926 047 2260 182 005 021 39 514 619 031 100.00 11.33 1.20
15 | 56.16 014 2163 307 014 050 312 6.01 857 067 100.00 14.58 1.43
16 | 56.96 014 2187 308 014 049 306 596 7.66 065 100.00 13.62 1.29

mean 5689 038 2136 314 011 042 311 655 739 064
stdev 077 0.3 049 049 005 014 057 106 096 016

Basento basin

SO, TiO, AlO; MnO MgO CaO Na,O K,O0 CIO Total Tot.alkali K;O/Na,O
FEO
1 | 5538 049 2083 408 000 084 441 480 860 057 100.00 13.40 1.79
2 | 5517 058 2090 427 000 097 428 477 845 060 99.99 13.22 177
3 | 5667 041 2097 337 000 052 321 493 941 051 100.00 14.34 191
4 [ 5572 041 2072 419 000 085 432 457 865 058 100.01 13.22 1.89
5 | 559 043 2075 391 000 074 392 495 881 050 100.00 13.76 1.78
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mean
st dev

56.29
54.95
55.17
55.84
55.69
55.22
56.68
55.69

55.73
0.56

0.44
0.57
0.69
0.70
0.49
0.33
0.56
0.53

0.51
0.11

23.38
20.79
20.50
20.52
20.97
21.01
21.17
20.94

21.03
0.73

2.24
3.99
454
4.45
4.00
4.01
3.23
4.01

3.87
0.61

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00
0.00

031
0.81
0.90
0.69
0.77
0.85
0.56
0.73

0.73
0.18

6.24
3.77
491
3.82
4.17
4.18
4.09
4.18

4.27
0.71

4.67
6.09
4.61
6.23
5.05
5.38
4.71
4.68

5.03
0.55

6.12
8.45
8.11
7.08
8.30
8.40
8.48
8.65

8.27
0.83

031
0.60
0.57
0.67
0.55
0.61
0.52
0.59

0.55
0.09

100.00
100.02
100.00
100.00
99.99

99.99

100.00
100.00

10.79
14.54
12.72
13.31
13.35
13.78
13.19
13.33

131
1.39
1.76
114
1.64
1.56
1.80
1.85

27



RF93-30 IN68-9 LGM LNEMI ACC | EU2 EU3 EU5a EU5b
530cm sd 20cm sd TM-4 sd 450cm s 563 cm sd sd sd sd

SO, 55,93 057 5579 036 5591 09 5582 100 56.08| 56.89 160 5563 060 5753 115 @571 220
TiO, 03 008 Q17 005 (13 002 (02 003 (18| 008 011 (031 010 (035 022 (42 039
Al,O4 2061 050 2162 035 2344 031 2312 033 2347| 2389 064 2185 050 2176 150 1819 082
FeO 407 02 309 027 143 024 163 028 141 | 152 038 307 046 311 105 226 066
MnO 0.07 006 (011 004 Q11 002 0.07 005 0.12 0.12 010 Q00 000 (.13 012 (.19 014
MgO 0.6 010 045 020 Q06 002 01 005 008 | 000 000 Q09 008 Q57 046 (034 015
CaO 443 083 380 040 164 024 196 074 177 | 161 032 446 092 341 111 231 042
Na,O 491 036 635 038 883 043 9.46 117 9.17 6.50 239 557 052 514 130 281 055
K>0 847 092 @812 015 782 048 7.26 101 772 841 137 823 049 739 053 724 102
clo 055 006 050 005 (04 028 (056 005 - 083 018 (063 013 060 011 (053 023

Total 100.00 - 100.00 99.77 - 10000 - 100.00| 99.86 - 99.84 - 100.00 - 100.00 -

Tot. alkali 13.38 - 14.47 16.65 - 16.72 - 16.89 | 14.92 - 13.80 - 12.53 - 1005 -

K,O/Na,O 1.73 - 1.28 0.89 - 0.77 - 0.84 1.29 - 1.48 - 1.44 - 2.57 -
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SCHEMATIC STRATIGRAPHIC SUCCESSION

PHREATOMAGNMATIC

thickness not fo scale

PLINIAN MAGMATIC

In the proximal arcas of the western sector the EUS deposits comprise an alternation
of massive ash deposits with abundant lithee blocks and dune-bedded ash deposits
with internal cross-stratefication. Laterally they pass to massive acevetionary lapalli-
bearing massive ash deposits that crop out from the northern to the southem slopes
of the volemmo, Bevond the break in slope at the end of voleane slopes in the
notthwestern sector erop out siretifi ed deposits with altemating fine lapill and coarse
ash beds thai reach distances of more than 20 km. Juvenile and carbonste clasts are
abundant in the fine fracton, whereas they completely lack in the coarser gran sizes.

Massive, mantle bedding, grey pumice lapilli bed with abundant Hithic clasts and
loose erystals. Good sorting. The masximuom thickness recognised 15 5-6 s,

Thin bed of massive, coarse to fine ash tdhat tap the Flinian deposits.

The upper part of EU3 deposts contains a peculiar laver of whate'grew banded pum-
ice fragments, which form a stratigraphic marker in the proximal and mad-distal out-
<rops of the grev fallout succession, The charactensties of the pyreclostic matenal is
the smmic of the lower ETF deposits,

Pyroclastic flow deposits that erop out only in the nerthwestern sector of the volea-
no. The pyroclastic matenal 15 the same of the EU3 deposiés, but it contamn abundant
coarse ash and minos lapill. Poorly sorted. Thickness fiom few cm to about 1 m.

Grey puini ce lagilli and blocke with sscillating seading ond zood sorting. Abundont
lithi ¢ clasts (Javas, carbonate, skarns, syenites and eunmlate rocks). Ponnice fragmente
are porphyritic (sanidine snd pyroxene with miner gamet snd biotite), Brece s- fallow:
deposits crop out mear the Fiano delle Ginestre area, reaching a thickness of 810 m_

OPENING MAGM.

EU 1b

EU 1a

White pumdce lapilli and bloeks wath general reverse grading amd good sorting. Rare
lithi es, manly leva fragments. Pumice fragments are porphynbie (samdine and minoer
pyrexenc), and highly vesicnlar Maximun thickness about 1 m.

Twofold alternation of pumice lapilli and coarse ash deposits, Lava fragmenis and
loose erystals are abundant in the two Lapilli lavers. The lagilli deposits are massive to
Faintly stratified in the outerops of the western sector, and eoptains abundsnt lithie
blocks. They beecome well-sorted, massive beds of lapilli with sccidental lithics and
rich in loose felsic crystals in the outerops located om the northern slopes of the
volenmo, Ash lavers show plane parallel stratification in the western sector and are
massive and fine grained in the northern sector. The total thickness of each E1T ranges
from few em fo 1-£ m,
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